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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Prediction of Drying Performance of Banana Rings Dried By Osmo-solar
Dehydration Method

Ozmo-solar Dehidrasyon Yéntemi Ile Kurutulan Muz Halkalarinin Kuruma Performansinin
Tahmini

Zehra YILDIZ", Veysel ALCAN?
Abstract

Solar drying is known as the oldest and most common traditional food preservation method. However, if the
product is indirectly contacted with the sun light, there is negative effect in the color and nutrient values of the
product. Solar dryers have been developed to utilize the heat effect of the sun to solve these problems. It can be
used in combination with osmotic dehydration to increase the efficiency of the solar drying process. Osmotic
dehydration is applied as a pretreatment technique in the drying process. The pretreatments to be applied before
drying have important effects on the quality and operating cost of the product to be dried. In addition, the osmotic
dehydration pretreatment enables to shorten the drying time and increase the drying potential. In this study,
bananas with high drying temperature and high moisture content were sliced into 3 mm rings, then osmotic
dehydration pre-drying was applied, and then they were dried in a solar tray dryer. Sucrose and citric acid solution
in 2.5%, 5%, 7.5% and 10% (w/v) concentrations were used for osmotic dehydration treatment. In addition,
samples without osmotic dehydration were dried in a solar dryer to determine the effect of pretreatment. The input
variables of the drying process are solution concentration (0%, 2.5%, 5%, 7.5% and 10%), type of solution (sucrose
solution and citric acid solution), osmotic dehydration time (10, 30, 60 and 90 min) and sun drying time (60, 120,
180, 240 and 300 min). Output variables were chosen as moisture ratio and shrinkage rate. The results clearly
showed that both the moisture ratio and the shrinkage ratio have increased due to increased solar dryer time,
solution concentration and immerse time. Osmotic dehydration was found to be effective in dried banana rings in
the solar tray dryer. Gradient Boosting Machine (GBM) was used to model the drying conditions and the model
was successful. The correlation coefficient (R?) values of the GBM model were respectively found as 0.94 and
0.83 for the moisture ratio and the shrinkage ratio.

Keywords: Drying, Osmotic dehydration, Solar tray dryer, Osmosolar dehydration, Gradient boosting machine
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Oz

Giineste kurutma, en eski ve en yaygin geleneksel gida koruma yontemidir. Bununla beraber, eger iiriin dogrudan
giines 1s1nina maruz birakilirsa iiriin rengi ve besin degerine olumsuz etkisi olur. Bu sorunlari ¢6zmek i¢in giinesin
1sitma etkisinden faydalanan giines enerjili kurutucular gelistirilmistir. Giines enerjili kurutma isleminin verimini
arttirmak i¢in ozmotik dehidrasyon ile beraber kullanilabilir. Ozmotik dehidrasyon, kurutma isleminde 6n islem
teknigi olarak uygulanmaktadir. Kurutulacak iriiniin kalitesi ve isletme maliyeti iizerine kurutma oncesi
uygulanacak 6n islemlerin 6nemli etkileri bulunmaktadir. Ayrica ozmotik dehidrasyon 6n iglemi kurutma siiresini
kisaltmay1 ve kurutucu potansiyelini arttirmay: saglar. Bu ¢alismada, yiiksek kurutma sicakligi ve yiiksek nem
icerigine sahip olan muz 3 mm halka seklinde dilimlendikten sonra ozmotik dehidrasyon 6n kurutma islemi
uygulanmis daha sonra giines enerjili rafli kurutucuda kurutulmustur. Ozmotik dehidrasyon islemi
icin %2.5, %5, %7.5 ve %10 (w/v) derisimlerinde sakkaroz ve sitrik asit ¢ozeltileri kullanilmistir. Ayrica 6n
islemin etkisini belirlemek i¢in ozmotik dehidrasyon uygulanmamis ornekler de giines enerjili kurutucu da
kurutulmustur. Kurutma isleminin giris degiskenleri ¢ozelti derisimi (%0, %2.5, %5, %7.5 ve %10), ¢ozelti tiiri
(sakkaroz ¢ozeltisi ve sitrik asit ¢dzeltisi), osmotik dehidrasyon siiresi (10, 30, 60 ve 90 dk) ve giineste kurutma
stiresi (60, 120, 180, 240 ve 300 dk) dir. Cikis degiskenleri ise su kayb1 ve biiziilme orani olarak segilmistir.
Sonuglar, hem nem kayb1 hem de biiziilme oraninin giines enerjili kurutucudaki kurutma siiresi, ¢dzelti derigimi
ve ¢ozeltide bekleme siiresi ile arttigini gdstermistir. Gradyan Artirma Makine (GAM) yontemi kurutma
kosullarinin modellemesinde kullamlmis ve model basarili olmustur. GAM modeli igin korelasyon katsayis1 (R?)
su kaybi ve biiziilme orani i¢in sirasiyla 0.94 ve 0.83 olarak bulunmustur.

Anahtar Kelimeler: Kurutma, Ozmotik dehidrasyon, Giines enerjili rafli kurutucu, Ozmosolar dehidrasyon, Gradyan artirma
makine
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1. Introduction

It is a significant problem for the food sector to preserve fresh fruits and vegetables for a long time. There are
various drying techniques for the food preservation. The drying techniques include hot air drying, vacuum drying,
solar drying, microwave drying, and freeze-drying. The oldest and the most common traditional food preservation
method known is the direct solar drying. However, it has several drawbacks like lengthy drying time,
contamination issues, inability to process large quantities without impairing product quality, manual labor
requirements, low energy efficiency, low final dried product quality due to prolonged exposure to high
temperatures (Arslan et al., 2021). To solve these problems, many different dryers have been developed. However,
the mechanical dryers are not that economical for energy costs. The quality of the foodstuffs such as cost, texture
(crispiness, fluffiness and porousness), aroma, color, and taste in solar tray dryers are better than direct drying
under the sunlight. In addition, drying time in the solar tray dryer is shorter than the direct solar drying and the
drying potential substantially increases (Kiigiikatay et al., 2021; Aboud, 2013; Prakash and Kumar, 2013; Eren
and Ertekin, 2007; Ispir and Togrul, 2009; Ochoa et al., 2006).

Pre-drying treatments such as scalding, blanch and osmotic dehydration were applied for drying efficiency
(Sahin et al., 2012). Osmotic processes can be applied to improve the quality in the dried final products. It can be
used in combination with osmotic dehydration to increase the efficiency of the solar drying process. It is the hybrid
drying technique, also called osmo-solar drying, that removes a part of the moisture in food by the osmotic
dehydration and then the rest of the moisture is removed by solar drying. The low-cost, crispy, fluffy, porous, and
shelf-stable dried products can be obtained in shorter drying time by the osmo-solar drying. It decreases heat
damage such as oxidation and the flavorings change as it takes place at temperatures lower than other drying
methods. In addition, the dried products have porous structure whose rehydration capacity is high. Dried product
quality and operating costs are significantly affected as the dryer potential is increased by the osmotic dehydration
pre-treatment. Recently, the studies related to the implementation of the osmotic dehydration as drying
pretreatment technique has become attractive (Lombard et al., 2008; Borquez et al., 2010; Torringa et al., 2001).

Process parameters of the solar drying treatment should be modeled for the optimum production. For this reason,
the local banana rings were dried by solar tray dryer in Mersin where there is the highest solar potential. More than
half of the total vegetable and fruit production, especially the banana production, is cultivated in Mersin region.

Advances in machine learning regression algorithms methods are continuing and significant improvements
have been observed in group learning algorithms, especially in terms of predictive accuracy. GBM is one of the
powerful techniques from the machine learning techniques as it has shown significant success in a wide range of
applications. No studies can be found on the food drying application by using GBM model. In this study, we
employed GBM method to analyze and model the drying process to improve the prediction accuracy. The GBM
was used to determine the optimum operating conditions of the banana drying by the osmo-solar dehydration for
both the moisture ratio and the shrinkage ratio.

Osmo-solar drying process of banana is modeled upon the process conditions by GBM. Firstly, the model
structure based on input and output data was developed by using GBM. GBM is proposed to be used to transform
into a prediction algorithm for changes in the drying conditions. The effects of the parameters such as the immerse
time, drying time, solution type and concentration of solution on the moisture ratio and the shrinkage ratio are
predicted in this study. The prediction approach could determine the relation between the inputs and outputs.
Osmotic dehydration experiments were carried out by using different kinds of the osmo-active solutions and
different concentrations and solar drying experiments were performed using the natural convective solar tray dryer.

2. Materials and Methods
2.1. Experimental setup

Drying experiments were carried out with the natural convective (passive) solar tray dryer shown in Figure 1.
The effect of drying conditions on osmo-solar dehydration drying process was determined by the GBM. Solar tray
dryer consisted of solar collector and solar cabinet with stainless steel trays. There were 5 steel perforated trays in
the solar cabinet. There was a door on the back of the dryer to allow these trays to be placed in the dryer.
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The solar collector was used to supply the hot air to the cabinet. Solar collector consisted of black painted
perforated plates placed on top of each other with 10 mm spacing to collect sunlight in the wooden case, and a
glass panel that covers the top on the collector. The sun rays were collected at the collector surface, converted to
heat, and transferred to the air in the solar cabinet by natural convection. The hot air firstly enters through the solar
cabinet, then through the tray where the products are placed, the moist air is purged from the outlet vent, and that
is how the drying process is completed.

Figure 1. Solar tray dryer

Most of domestic banana production (73%) is carried out in Mersin. The average moisture content of the
samples used was found to be 88.2% on a wet basis. Bananas are considerably cultivated in Anamur (Subasi et al.
2016; Akkova and Giiven, 2018). The fresh organic Anamur banana was dried by using solar tray dryer in Mersin.
Banana samples were peeled, and sliced to a ring shape of the thickness (3 mm) and then immersed in different
solutions; then each sample was placed on the tray. Banana rings were firstly immersed in one of the osmo-active
solutions such as sucrose and citric acid solution, and then dried in a solar dryer. Immerse time (10, 30, 60 and 90
min), the solution concentration (0, 2.5, 5, 7.5 and 10 %w/v) and solar drying time (60, 120, 180, 240 and 300 min)
were chosen as independent variables. In addition, banana rings without pretreatment as control samples that were
not immersed in any solutions were only dried in a solar dryer. The moisture ratio and the shrinkage ratio were
determined at the end of the drying period. The measurements were replicated five times to obtain an average. The
moisture ratio and the shrinkage ratio were calculated according to the following equations (1) and (2) (Pandya
and Yadav, 2014; Askari et al., 2008).

. . Mo—M
Moisture ratio = —>——

(Eq.1)

Shrinkage Ratio= 22t

(Eq.2)
0
Where, Mo and M are the sample mass (g), Do and D are the sample diameter (mm) at the beginning and at
time t, respectively.

2.2. Gradient boosting machines (GBM)

Ensemble learning methods are techniques that provide more accurate results than a single model as they
combine multiple models. Boosting method is one of the popular ensemble learning algorithms that has
constructive iterative strategy (Hastie et al., 2009). The term boosting is used to describe a family of algorithms
that weak models can convert into strong models. The method forms a model by training several relatively base
models (also known as weak learners) and then combines them to form a more predictive model. Friedman
introduced the GBM method by extending the boosting to the regression (Friedman, 2001; Natekin and Knoll,
2013). The fundamentals of GBM are based on the gradient-descent formulation of boosting method. Note that
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fitting criterion that estimates given x could in principle be used to estimate the negative gradient at line 4 of the
following GBM algorithm using steepest-descent. The true functional dependence f{x) and the form of the function
estimate f(x;)=arg min, %L, ¥ (;,p) estimate such that some specified loss function ¥(y, p) is minimized.

1. It is computed the negative gradient as the working response

d

zZi=— Y (y; f(x) | V= f (T
i af(xi) ( i, f i ) fxp)=f(x)

2. It is fit a regression model g(x) for predicting z; from the covariates x; .

3. It is chosen a gradient descent step size as p=arg min, %\, ¥ (y;, Fx) +pg(x)

4. It is updated the estimate of f(x) as f(x) « f(x)+ pg (Friedman, 2001).

GBM involves combining an ensemble of weak learners as a weighted sum in order to reduce both the bias and
the variance by adding new models to the ensemble sequentially. The main idea is to create new basic models that
will show maximum correlation with the negative gradient of the loss function (Friedman, 2000). The loss
functions can be applied to give a better intuition that would be resulted in consecutive error-fitting by the error
function in the learning procedure. Due to fact that the response variables are continuous (y, R), specific loss
functional ¥(y, f) commonly used for continuous response is shown in 7able I (Friedman, 2001).

Table 1. Specific loss functions for continuous response

Name Equations Explanation
The i ) The Laplace L1 loss function corresponds
Laplace L1 Wy, f )L, = ly —f || to the median of the conditional distribution
1 The Gaussian L2 loss function penalizes
The W ( y ,() = —(y— f)l large deviations from the target outputs while
Gaussian L2 »J L2 2 - neglecting small residuals. The GBM
algorithm performs residual refitting.
) o The maximum value of error is specified
_I(!_t)' ll—f|'~’.8 P
The U(y, f)Hubcr § = 1V~ ) - in the Huber loss function after Laplace L1
Hub ’ ' 8(]}'—f| -3/2) |y—f| > loss function is applied. The parameter
uber specifies enhancing the effect of the loss
function.
(1—a)y— ” _f<0 The quantile loss function predicts a
The Wy, f)a — V= y=r= conditional quantile of the response variable.

Quantile aly — f| y— f >0 The parameter a specifies the desired quantile
of the conditional distribution.

In this study, the data set was obtained from experimental measurements which were identified with actual
variables and estimated variables. Actual variables refer to the immerse time, the solution concentration, the
solution type, and drying time as inputs of the model. Estimated variables refer to the corresponding labels of the
response variable as the moisture ratio and the shrinkage ratio. The GBM model is developed using the scikit-learn
library in the Phyton Programming language by tuning three key hyper parameters such as number of the base
model, learning rate and loss function. The default values in the program were used for the rest hyper parameters.
Figure 2 shows schematic diagram of the GBM model.
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Figure 2. Schematic diagram of GBM model

Loss functions that have a significant effect on the properties of the GBM model are separately tested. The
number of base models (M) refers to the number of decision trees in the ensemble. It is considered that enough
trees are included to the model because of the complexity of the data. On the other hand, too many trees are avoided
because of over-fitting problem. Therefore, the base model values are set between 10-500 by increasing 10. We
set the learning rate, which is another parameter for the GBM Model, from 0 to 0.5 by increasing 0.1.

In machine learning regression applications, performance metrics are used to compare the trained model
predictions with the measured (actual) data from the estimated (testing) data in order to evaluate performance of
the regression model. Numerous performance metrics have been presented in the literature (Botchkarev, 2018). In
this study, R-squared (R?) and The Mean Absolute Percentage Error (MAPE) metrics were used as an indicator of
predicted accuracy i.g measurement of error. R? accuracy metric is the coefficient of the determination. MAPE is
one of the top most common metrics that represents the error as % of the measured value.

3. Results and Discussion

The performance of the GBM model is largely influenced by the parameters, including the number of trees,
learning rate and tree complexity (variable interactions). Therefore, the GBM model needs to test the optimal
combination of variables. To optimize the model, error rate tests were performed for all combinations and then the
combination using hyper parameters that achieve a lower prediction error for the highest model performance was
selected.

Figure 3 and Figure 4 show the influence of different parameters (number of trees (M), learning rate (Ir), and
type of loss function on the value of MAPE as prediction errors respectively for the moisture ratio and the shrinkage
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Figure 3. MAPE, M, Ir and loss functions for the moisture ratio
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Figure 4. MAPE, M, Ir and loss functions for the shrinkage ratio

As seen in Figure 3 and Figure 4, MAPE values decreases until a certain value while M increases. Different
slopes of lines indicate the effect of different learning rate on MAPE value. The minimum point reached by the
learning rates shows the lowest error value. Figure 3 shows that higher learning rates (Ir=0.3, 1r=0.4, 1r=0.5) reach
generally their lowest error value with smaller numbers of trees (M<100). Over-fitting problem that could lead to
poor prediction performance could be seen in case of more increased M values (M>100). Table 2 shows that the
performance varies with the hyper parameters (M, Ir, type of loss function).

Table 2. The results of the combination tested for the determination of hyper parameters

Response Number of Learning MAPE

Variable Loss Function Trees Rate Value R?
Laplace L1 470 0,2 8,19 0.93
Gaussian L2 370 0,4 7,96 0.93

Moisture ratio Huber 30 0,5 7,28 0.94
Quantile 300 0,3 12,89 0.82
Laplace L1 280 0,3 23,46 0.77
Gaussian L2 50 0,5 25,99 0.83

Shrinkage Ratio Huber 40 0,3 26,58 0.80
Quantile 470 0,5 40,76 0.68

As seen in Table 2, for the moisture ratio, learning rate of 0.5 value reached its minimum error with number of
trees of 30 for Huber loss function. For the shrinkage ratio, learning rate of 0.3 value reached minimum error with
number of trees of 280 for Laplace 1 loss function. Furthermore, R? value of 0.94 showed the same optimal
combination like MAPE for moisture ratio. But, it showed different combination variables such as Gaussian 1.2
loss function, number of trees of 50 and learning rate of 0.5 for the shrinkage ratio. It is clearly seen that the type
of loss function also affected the selection of hyper parameters.

Consequently, different combinations of variables for the GBM model were tested and hyper parameters
according to MAPE values for each response were selected. In this sense, the Huber loss function was considered
for moisture ratio and the Laplace L1 loss function was considered for shrinkage ratio.

The graphs of training and testing with the hyper parameters are shown in Figure 5 and Figure 6 for the
moisture ratio and the shrinkage ratio, respectively.
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Figure 7 shows the predicted results of the moisture ratio and the shrinkage ratio provided by the GBM model.
The predicted value is suitable to the actual value.
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Figure 7 Comparison between experimental and predicted value
a) The moisture ratio b) The shrinkage ratio
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Figure 7 shows that the inputs of the model had different influences on the moisture ratio and the shrinkage
ratio as outputs. GBM method provided more accurate prediction for the moisture ratio than the shrinkage ratio.

A higher value of the correlation coefficient and the smaller values of MAPE and R? show better performance
of the model. The results suggest better performances by the artificial neural network (ANN) as well as other two
approaches (Table 3) (Yildiz et al., 2021).

4. Conclusions

Table 3. Performance indexes achieved using ANN and GBM

Moisture Ratio Shrinkage Ratio
Model R? MAPE (%) R? MAPE (%)
ANN  0.88 10.71 0.52 29.7

GBM 093 8.14 0.81 28.37

This study presents the drying conditions of osmo-solar drying methods of banana rings which were
modeled and analyzed by the GBM. The influence of process parameters on the moisture ratio and the shrinkage
ratio has been investigated. Estimation results showed that a good modeling design was made by using GBM. In
addition, the results of error revealed that GBM was successfully performed. The effect of the hyper parameters
such as number of the base model, learning rate and loss function on the value of MAPE and R? were determined.
The loss function particularly affected the hyper parameters. Loss function was considered to Huber for moisture
ratio and the loss function was considered to Laplace L1 for shrinkage ratio. The proposed GBM-based banana
drying prediction method showed very good performance in terms of prediction accuracy with reached minimum

€1TOoT.
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Agricultural Bank Credit Intervention and The Application of Big Push Theory to
Beneficiaries: Evidence From Nigeria

Theophilus Miebi GBIGBI

Abstract

Up till now there is shortage of empirical evidence on volume of loan received that generates big push for the
farmers and the bank to curtail abuse of fund and its determinants. The purpose of this study is to examine the
agricultural bank credit intervention and the application of big push theory among beneficiaries in Nigeria so as to
make advocacy for a bailout intervention. A total of 295 beneficiaries were randomly selected. A questionnaire
was developed, and data collection was undertaken by means of a multistage sampling technique. Descriptive
statistics, regression model and t-test analysis were used to analyze the data. The mean age of beneficiaries was
46 years old. The respondents had an average household size of 6 persons with 79.3% of the beneficiaries being
literate with one form of formal education or the other. About 65.4% of the beneficiaries did not subscribe to
membership of farmers groups. The beneficiaries had 13 years’ experience in arable crop farming. The average
farm size was 1.57 ha. This tells us that the beneficiaries were small scale farmers. The result reveals that the
region of big push was between $244.34-$977.37 The variables that had positive and substantial relationship with
big push in the model were age of respondent, years spent in farming, education, farm size, cooperative
membership, household size, collateral requirement and marital status. The outcome of the t-test indicated that
there was much impact after benefiting from agricultural bank credit loan scheme in the area. The foremost
constraints were collateral requirement and high interest rate. Loan acquisition procedure by agricultural bank
credit should be made easier as well as the threshold of farmers financial management ability should be considered
during disbursement of loan to farmers for effective utilization.
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1. Introduction

Measures on food security and poverty alleviation have a very significant impact on the performance of farmers
as most farming activities are undertaken by resource-poor farmers. Agricultural loan financing has been identified
as a means of transforming the agricultural sector and revamping the Nigeria economy. According to Agbo et al.
(2015) the availability of loans helps farmers to purchase non-accessible farm inputs to increase production.
Having access to loan will improve grass root development by increasing their output that will improve their
standard of living, enhance their use of modern technologies and enhance ways of improving their output and pay
back the borrowed fund. The expansion of credit facilities is believed to have a significant positive impact on the
agricultural output of farmers and income because loans would boost the acquisition of costly inputs and the
adoption of alternative crops (Sarker, 2016). The availability of loans can enable the farmers to use and implement
state-of - the-art technology and provide inputs for farm use so as to increase productivity and revenue (Abdallah,
2016). As such, household income growth is extremely important to ensure food security and will eventually be
achieved through improved technology and increased outputs from productivity in agriculture. Access to financial
markets for farmers thus influences farm productivity and income significantly (Akudugu, 2016). This led to the
formation of Agricultural bank credit (ABC) to address the challenges of loan supply. ABC has been identified by
making available appropriate financial intermediation to the people, who are mostly unable to provide essential
collateral for access to loans from the mainstream finance market. Their aim is to influence the rural economy
directly by contributing to poverty eradication.

Agricultural credit can contribute to economic development by intensifying agricultural output and its
associated occupations. Credit has been a prominent feature of the strategies that have been put in place in recent
years for developing world agricultural sector growth. In most strategies, credit was incorporated among the
necessary constituents. Such constituents include technical support, land reform and market supply of inputs and
outputs.

Small-scale farmers are often the main food producers in Nigeria. Efforts to increase the agricultural output
level and boost farmers' well-being have led to ever greater loans for the agrarian sector. Hence, Semerci and Celik
(2017) considering the beneficiaries status, studied the impact of agricultural subsidy to boost production of dairy
cattle enterprises, reduce milk production cost, and increase farmer income in Turkey. The rural sector is comprised
mainly of small-scale farmers with a low level of production. These farmers have to compete for any financial
resources available with the big farmers. Any effort to increase agricultural production must first focus on the
smallholder farmers who earn a limited proportion of institutional credit. In spite of this uniqueness, credit
accessibility has been limited. The difficulty of smallholder farmers who produce more than 85% of domestic food
supply to participate in agricultural loans has remained a fundamental problem. They usually operate subsistence
agriculture, small farm sizes, with limited resources and capital as a result of which their farming business is
managed from personal savings (Sadiq et al., 2015). Adequate financing for technological adoption and
agricultural growth is required for small farmers.

Observations showed that sometimes farmers had difficulties of benefiting from available loan due to certain
socioeconomic constraints such as level of education, accessibility to financial institution, farm size, membership
of associations, contact with extension agents, and so on (Akinwale et al., 2016; Agbo et al., 2015). The unforeseen
circumstances surrounding agriculture have made it an uphill task for farmers to obtained loan from financial
institutions. Most financial institutions scare away the farmers with high interest rates and tedious procedures in
obtaining loans. This has discouraged farmers from seeking financial help from financial institutions and arable
crop farmers are no exception.

Smallholder farmers have limited access to loan facilities thereby complain of inadequate production resources.
The focus on financial aid is not surprising since limited finance and loans are some of the major problems faced
by the agricultural sector (Food and Agriculture Organization (FAO, 2016). Because of the restricted financial
situation and inability to obtain formal loans, farmers often borrow from informal sources to pay an exorbitant
interest rate, which ensures that at the end of the production season, they are left with an unreasonable net farm
income. The meagre income generated by farmers is generally used for smoothing consumption, and there is
nothing left to invest in agricultural resources (Sadiq et al., 2015). This makes the farmer unable to switch from
peasant farming to large-scale agriculture so as to increase food self-sufficiency and diversify the economy from
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its mono-component status. This research work was centered on the theory of big push which advocates investment
to break the vicious circle of poverty. According to the theory of big push by Rosenstein-Rodan (1961 as cited in
Currie, 2016) emphasized that countries have to move faster from one point to another to promote their own
economies because moving slowly does not lead them effectively and adequately to the path of development. The
theory implies that big push will enable the crop industry to move faster. The concept behind big push theory is
that a large-scale investment package could help bring financial growth. In other words, for a given loan to be
meaningful to a farmer, a certain minimum amount of loan should be allocated for development. This idea is that
no farmer can advance along the path of economic development by "Bit by Bit" fund allocation. To constantly
decrease poverty, the performance of the loans given by financial institutions to the beneficiaries is a crucial factor
of success (Sofayo, 2017). Promoting principles in the raising and delivery of funds and questioning the absorptive
capacity of beneficiaries will balance the effective flow of fund efficiency. A balanced growth is necessary to
break the vicious circles of capital supply and demand. As such, to push the farmers out of a stagnation trap a clear
statistical link between the extent of the needed push and the amount required must be established. In giving out
loan the absorptive capacity of the farmers is crucial because high amount of loan beyond a certain threshold,
could cause serious problem for growth. Loan volatility means the danger of a rapid loan increase beyond the
management control of the farmers and financial institutions disbursing the loan (D’Espallier et al., 2016). Loan,
if volatile, might be a source of macro-economic instability showing that the loan level is high beyond the control
of the farmer. This can be a way by which absorptive capacity is revealed. The resultant outcome is a decreasing
marginal impact of loan on growth. In order to avoid the risk of Dutch Disease affecting the fund absorptive
capacity of the farmers on the loan accessed, development strategies should be tailored on loan management.

The past authors (Agbo et al 2015; Akudugu, 2016) based their research on accessibility to credit without
examining how much the bank would actually give the farmers in order to maintain their sustainability. Analysis
of the farmer's financial potential using big push as the basis line is strategically important. Financial intervention
program needs information on the absorptive ability of the farmers to address the long-standing loan default issue.
This would be a basic mechanism for achieving financial sustainability in the field of research in the crop industry.

Although the theory of big push is old but it has not been applied to the agricultural sector financing before
now. Econometric data that account for structural defects, policy limitations, and inadequacies, including the
quality and quantity of the loans paid out by financial institutions is lacking. Different studies to estimate the
impact of agricultural loans have been carried out, but in the context of Delta State, studies have not determined
the level of loans to create a big push for farmers from the ABC fund. This study was therefore designed to fill
this important information gap.

The broad objective was to evaluate the big push status on agricultural bank credit beneficiaries in Delta, Edo
and Bayelsa States, Nigeria. The specific objectives of the study were to;

1. identify the socioeconomic characteristics of the beneficiaries

ii. determine the impact level of ABC loan

ii. determine the big push financial baseline

iv. estimate the determinants of big push status on ABC beneficiaries
v. ascertain the constraints affecting loan access by respondents

The hypotheses tested in the study were:

Ho1: There is no significant difference between income level of farmers before and after ABC loan intervention
Ho2: There is no significant difference between output level of farmers before and after ABC loan intervention
Hos: There is no significant difference between farm size of farmers before and after ABC loan intervention

2. Materials and Methods
2.1. Study area

The study covered agricultural bank credit involved in agricultural loan delivery in Delta, Edo and Bayelsa
states of Nigeria. This area was chosen for the study because the major economic activities of the people is farming;
with inadequate finance as one of their challenges. A multistage sampling technique was adopted in the selection
of banks and small-scale arable farmers. Firstly, there was a visit to the agricultural bank credit branches in each
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state to obtain the list of all the registered beneficiaries. In stage 2, two BOA branches were randomly selected
from each state giving a total of six BOA branches. These were Asaba, Ughelli, Benin, Irrua, Yenagoa and
Sagbama. In stage three, Ten percent (10%) of the identified loan beneficiaries were randomly selected. This gave
a total of 295 respondents who were involved in the selection as presented in 7able 1. The data for this study were
obtained from primary data. Primary data were collected using structured questionnaire. Descriptive statistics, t-
test and multiple regression analysis were used to analyze the data. The study used income level, output level and
farm size before and after the credit intervention as proxy for big push

Table 1. Distribution of selected beneficiaries

Branches Number of registered beneficiaries 10% of loan beneficiaries
Asaba 850 85

Ughelli 400 40

Benin 620 62

Irrua 450 45

Yenagoa 380 38

Sagbama 250 25

Total 2950 295

2.2. Model Specification
The regression model (Eq.1) was employed to achieve objective (iii) and it is explicitly stated as:

ALOA =Po +p1Age + f2Gen +BsHhs + BsEdu + BsFexp+ PsCollreq + P 7Msta + fsCosoc+ BoFmsz (Eq.1)
Where,

ALOA = amount of loan accessed ($)(proxy for big push)
Age = age of farmers (years)

Gen = gender (1 = male, 0 = female)

Hhs = household size(number)

Edu = educational attainment (schooling years)

Fexp = farming experience (years)

Collreg= collateral requirement (1=yes, 0 =No)

Msta = marital status (1 = married, 0 = single)

Cosoc = cooperative society (1 = member, 0 =non-member)
Fmsz = farm size (hectares)

bo = constant intercept

bi....bs = the coefficient corresponding to Xi....X9

The t-test was used to achieve the impact as represented below (Eq.2):

M1-M2

—_— (Eq.2)
SD12  SD22
~ e

For income, where;

t=

M = mean income of farmers before ABC loan $

M>= mean income of farmers after ABC loan (N

SDi%= variance of income of farmers before ABC loan $
SD»?=variance of income of farmers after ABC loan $

N1 = number of farmers before ABC loan

N2 = number of farmers after ABC loan

For output, where;

M1 = mean output of farmers before ABC loan (tons)

M>= mean output of farmers after ABC loan (tons)

SD,2= variance of output of farmers before ABC loan (tons)
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SD,*=variance of output of farmers after ABC loan (tons)

N1 = number of farmers before ABC loan

N2 = number of farmers after ABC loan

For farm size, where;

M = mean farm size of farmers before ABC loan (ha)

M= mean farm size of farmers after ABC loan (ha)

SD:2 = variance of farm size of farmers before ABC loan (ha)
SD,*=variance of farm size of farmers after ABC loan (ha)
N1 = number of farmers before ABC loan

N2 = number of farmers after ABC loan

3. Results and Discussion

3.1. Socio-economic characteristics of beneficiaries

Most (45.8%) of the beneficiaries were in the age bracket of 46-55 years with a mean age of 46 years (Table

2).
Table 2. Socio-economic characteristics of ABC beneficiaries (N=295)
Variables Frequency Percentage Mean/Mode
Age distribution (years)
25-35 32 10.8
36-45 98 332
46-55 135 45.8
56-65 30 10.2 46 years
Household size
1-3 48 16.3
4-6 149 50.5
7-9 87 29.5 6 persons
10-12 11 3.7
Educational status
No formal education 61 20.7
Primary education 73 24.7
Secondary education 126 42.7 Secondary education
Tertiary education 35 11.9
Group membership
Yes 102 34.6
No 193 65.4 Non- members
Farming experience
1-5 15 5.1
6-10 69 234 13 years
11-15 110 373
Above 15 101 34.2
Farm size (ha)
Less than 1 27 9.2
1 124 42.0 1.57 ha
2 106 359
3 and above 38 12.9

Source: (Field survey, 2020)

This suggests that they were middle aged and still active. Therefore, has the potential to be involved adequately
for loan scheme. This is consistent with Gbigbi (2021) who reported farmers age between 40-59 years in Delta
State. The beneficiaries had mean family size of 6 persons, indicating large household sizes among the arable crop
beneficiaries. Majority (42.7%) of them having acquired secondary education, as 24.7% had primary schooling
and 11.9% had tertiary education while 20.7% had no formal education. This suggest that the beneficiaries in the
area are literate. This situation could have a positive impact on the productivity of the beneficiaries as most of
them could possibly read and write. Educational attainment enables them to know sources of credit and ascertain

241



Gbigh
Agricultural Bank of Credit Intervation and The Application of Big Push Theory To Beneficiaries From Farmers: Evidence From Nigeria

business potentials to improve the monetary base of the farm. The result concur with Ibitoye (2010) who made
similar observation in Kogi State.

Many (65.4%) of the respondents did not subscribe to membership of farmers groups. This has implications
for access to loan. This could have the tendency to hinder them from accessing loan easily for farming activities
in the study area. The respondents had an average of 13 years’ experience in arable crop farming. This implies that
crop farming is an age-long venture for the respondents. The result infers that number of years spent on farming
would have built a relationship between the farmer and the bank to easily access credit for increase production.
The more years of farming spent could increase the capital accumulation of the farm for easy credit access.

Finally, it was revealed that most (42.0%) had between 1 hectare while 35.9% of the respondents had 2 hectares
and also 12.9% cultivated 3 hectares plus and 9.2% had less than 1 hectare. The average farm size of the
respondents was 1.57 ha. This tells us that the respondents were small scale farmers since the size of farmland was
affected by land tenure system.

3.2. Income status of respondents before and after agricultural bank credit loan

The result in Table 3 showed that the mean income of the beneficiaries before receiving ABC loan of between
$244.34-$977.37 was $334.13 but after participation in the loan scheme, the income increased to $590.54. There
was an income rise with a difference of $256.41. The result indicates a 76.74% big push among the surveyed
beneficiaries. It was expected that when the beneficiaries adequately used the loan obtained to make purchases of
farm inputs such as planting materials, implements, fertilizer and pay labour for sustainable production, the income
will improve. This is the amount of income needed to bail-out the farmers. This results support Gbigbi (2021)
finding that farmers with more access tend to have higher competency level. The result showed that the average
income earned by the farmers before ABC loan of less than $244.34 was $142.52 but after benefiting from the
scheme there was a positive shift of income to $204.42 giving 43.43% impact. The farmers who received income
of between $977.37-$1710.39 before ABC loan had income of $834.38 but after the loan had higher income of
$1291.750r 54.82%. Similarly, the beneficiaries of $1710.40-2443.42 before and after ABC loan experienced an
increase of $1758.89 to $2130.54 with difference of $371.65 or 21.13%. Income class of above $2443.42 shows a
shift from $3395.45 before accessing ABC loan and $4050.21 after benefiting the loan with increase of 19.28%.
It implies that the beneficiaries of the selected ABC experienced an improvement in income after accessing the
loan facilities than before participation thus justifying Lu and Hassan (2011) study on the effect of micro-loan
programme on rural poverty alleviation in Monirampur Upazila in Bangledesh that loan programmes are
performing well enough to bring better quality of life for the borrowers in the area by increasing their income,
food consumption and living standard. The result suggests that the safe region for loan disbursement is the big
push for both the farmers and the financial institution.

Table 3. Income status of respondents before and after agricultural bank credit loan

Loan threshold ratio Average Income Average income Income % increase Remark
($) before($) after($) difference (impact)

< S244 .34 142.52 (25.4%) 204.42 (9.5%) 61.90 43.43
$244.34-S977.37 334.13 (50.5%) 590.54 (38.3% 256.41 76.74** Big push
$977.37-$1710.39 834.38 (18.6%) 1291.75 (36.9%) 457.37 54.82
$1710.40-$2443.42 1758.89 (4.1%) 2130.54 (9.2%) 371.65 21.13

>$2443.42 3395.45 (1.4%) $4050.21 (6.1%) 654.76 19.28

Source: (Field survey, 2020)

3.3. Contributing factors of big push

The result in Table 4 showed that the linear regression model was chosen as lead equation based on the level
of R? value of 0.5830 and number of significant explanatory variables implying that 58.3% variability in amount
of loan accessed was explained by the independent variables included in the model. The coefficient of age was
positively significant at 5% probability. This indicates that a unit increase of the age of respondents will lead to a
corresponding decrease in the amount of loan accessed from agricultural bank credit. This was because farmers
that were older by age were considered to be ineffective. This result is in agreement with Asogwa et al. (2014)
findings that inverse relationship exists between age and loan accessibility in Nigeria.
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The variable household size was positive and statistically significant at 5% level. This implies that an increase
in household size of the respondent will lead to a corresponding increase in the volume of loan accessed. This is
because as the numbers of the members of the farmers’ household increases, the farmer has a cheap source of
labour which paves way for increased productivity and the possibility of the farmer to pay back the loan borrowed.
Also, if the members of the household are gainfully employed, it will increase the ease of repayment as the
household members might contribute to that effect. The result is consistent with Edet et al. (2017) earlier findings
that an increase in the number of household members tends to increase farmers' household spending which
increases the farmers' likelihood of demanding credit facilities for agricultural production.

Table 4. Contributing factors of big push

Variable Parameters Linear Semi-log Exponential Double-log
Age(years) X 0.3256457 51995.15 -6.89¢-07 0.0771409
(2.12)** (-3. 35)%*x* (-0.68) (-3.29)%*
Gender X2 33540.47 4298.599 0.0578525 0.007523
(1.27) (1.58) (0.91) (1.70)
Household size X3 0.1835633 -60546.74 -0.0000112 -0.0831077
(2.06)** (-0.75)%* (-0.82) (-0.37)
Education X4 8466.472 250861 0.0132236 0.4192702
(5.02)%*x* (1.59) (4.88)%*x* (4.20)%**
Farming experien Xs 49892.55 91346.54 0.0901201 0.1686359
(5.06)** (0.89) (2.70)** (4.52)%%x*
Collateral demand X6 23822.06 60825.13 0.0315788 0.0839502
(4.32)%*x* (2.62)** (3.57)**x* (1.28)
Marital status X7 94391.04 197355.5 0.1663004 0.3388996
(3.43)* (2.82)%* (1.67) (2.21)**
Cooperative Xg 16888.89 128348.1 0.0228168 0.185657
membership (4.30)y%** (3.21)** (3.42)%* (4.74)y%**
Farm size Xy 163776.4 230909.3 0.345894 0.4881234
(7.29)%*x (7.22)%%* (9.60)*** (-.61)%**
Intercept bo 630287.7 2404006 13.37907 16.24467
(8.54)**x (6.80)*** (13.02)%** (28.93)**x*
R? 0.5830 0.5523 0.5540 0.5301
F-ratio 44.23 39.02 48.02 35.68

Source: (Field survey, 2020) *, ** and *** is significant at 10%, 5% and 1% level of probability

The coefficient of education was positive and significant at 1% probability level, this conforms to a priori
expectation. The implication is that an increase in educational status will leads to an increase in the farmer’s ability
to access loan. This might be as a result the exposure that comes with education. Farmers who are educated make
better decisions in choosing loan options and the requirements that comes with it. Adegbite and Adeleye (2011)
found out that higher educational qualification of the farmer increases his chances of accessing loans.

The coefficient of farming experience was positive and significant at 1% level of probability, which agrees
with a priori expectation. This implies that any increase in farming experience will lead to a corresponding increase
in loan accessibility. The findings from Nouman et al. (2013) show a positive connection between access to
agricultural credit and farming experience. In addition, Yehuala (2008) has noticed that farmers with a greater
agricultural background have much stronger ties to cooperatives and other established credit sources such as
established banks and NGOs. As a result, experienced farmers would be more likely than unexperienced farmers
to receive loan from financial institutions. This result is in line with other research results (Akudugu et al., 2012).

The variable collateral requirement was positive and significant at 1% level. This means that the higher the
ability to secure collateral, the higher the possibility of the farmer acquiring the required loan. This is because
most of the financial institutions usually demand collaterals before given out loan to farmers due to high default
rate. The variable marital status had a positive coefficient and has significant effect on loan access at 1% level.
The positive relationship between the marital status of the farmers and their ability to access loan is because
married farmers are perceived to be responsible and far-sighted with finance than unmarried individuals; as a result,
the loan facilitators rely on their strength of financial responsibility and through that can liberally give them loan.
The result concurs with Ololade and Olagunju (2013) that married loan applicant stood a better chance to obtain
loans than those who were single. The coefficient of cooperative membership was positive and significant at 1%.
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This means that membership of cooperative society is a strong determinant of loan accessibility and concurs with
a priori expectation. This is because cooperative societies usually aide their members when they want to access
loan facilities. They also act as trustees or agents of the farmers. The findings are congruent with Beck's (2007)
that establishment of farmers' groups empowers them to develop their agricultural techniques and managerial skills,
thus reducing transaction costs and making collective action more advantageous. Group participation and
commitment, control and improve credit access as they collectively guarantee members' loans (Akudugu, 2012).

The variable farm size bore positive relationship with the amount of loan accessed by the farmer. This means
that a unit increase in farm size of the farmer the more likelihood of equivalent increase in the amount of loan
access. Elias et al. (2015) opined that large land holdings increased the probability of the farmer accessing loans
from financial institutions as the farmer can cultivate in large quantities with improved technology to offset his
debts.

3.4. Constraints affecting loan access by respondents

The result in Table 5 showed that majority 60.3% of the respondents agreed that collateral requirement needed
by financial institutions limits their access to loan in the study area. Most farmers in the study area are poor and
do not have the needed collateral to access loans that would influence big push. Often times, financial institutions
scare away the farmers with high collateral requirements.

Table 5. Constraints affecting loan access for big push by respondents

Constraints Frequency Percentage Rank
Collateral requirement 178 60.3 I
Interest rate 162 54.9 2nd
Distance 156 52.9 3rd
Loan rationing 144 48.8 4t
Repayment rate 139 47.1 5th
Loan default 138 46.8 5th
Awareness level 133 45.1 7t
Bureaucratic process 124 42.0 gth

Source: (Field survey, 2020) Multiple responses

The result concurs with Okojie et al. (2010) study on access to financial services by rural women in Edo state.
About 54.9% of the farmers complained of high interest rate which dissuade them loan access. The interest rate
charged by financial institutions is on the high side for the farmers. This has affected farmers patronage of formal
financial institutions. Hence the government established loan scheme with low interest rate to ensure farmers
access to agricultural loan (Mgbenka and Mbah, 2016). Distance was identified by 52.9% of the respondent as a
factor affecting access to loan. Most farmers complained that the distance travel from resident to locations of
financial institution increase their transaction cost beyond control. Loan rationing was also a limiting factor to
farmers’ access to loan as opined by 48.8%. When the actual amount needed for a production is not obtained then
room for further agricultural expansion cannot be guaranteed.

3.5. Testing of Hypotheses

3.5.1. Effects of big push on beneficiaries income, output and farm size

The result in Table 6 indicated the mean income of the beneficiaries of the ABC loan before and after
participation. Before participation the mean farm income of the beneficiaries was $1430.42 while after the
participation the mean income was $ 4229.17. This result signified that after the participation the farm income of
the beneficiaries had considerably increased. This is because there was increase in the average farm income of the
beneficiaries by $2798.76. This also implies that after the participation of ABC loan scheme, the living standard
of the beneficiaries has gone far above the poverty line (i.e above $1 dollar per day). This is an indication that
ABC has contributed positively to the mean income of the beneficiaries. The result of t-test analysis on income in
Table 7 showed the value of (t=15.07 < P 0.05) level. This means there was a significant difference in the mean
income of the beneficiaries after accessibility of ABC loan. This means the loan accessed has enable them to
purchase inputs for increased production and adoption of new technologies applicable to the vocation. The
participation of farmers in the ABC scheme had tremendously brought empowerment, improved their skills and
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investment power in farm and non-farm activities. This suggests that participation in ABC loan scheme has brought
about remarkable increase in beneficiaries’ income compared to when they did not participate in the scheme.

The result in Table 6 further revealed the mean output of the beneficiaries before and after participation in
ABC loan scheme. Before ABC loan the beneficiaries’ mean farm was 1.73 tons while after the benefiting, the
output was 3.21 tons. This showed that the mean farm output of the beneficiaries increased positively by 1.48 tons.
The increase in farm output could be attributed to the ABC scheme through funding of projects and training the
beneficiaries received which helped them in effective utilization of borrowed loan for economic activities. This
indicates that there was a positive change in the economic activities of the beneficiaries for improved production.
The result indicate further that the participation in ABC intervention has brought a significant difference between
output before and output after (t= 13.60 < p 0.05). This is an indication that the ABC has significantly increased
the farm output of respondents. This could be because they would engage in sustainable farming, which would
increase their output for income generation. The findings showed that the big push is the best amount for both
ABC and the farmers in loan disbursement. This is agreement with Ani (2014) that Fadama III significantly
increase the income of participants in Nigeria.

Table 6. T-test on selected variables before and after big push

Paired Variables Mean Mean Std. T Df Sig(2- Remark
difference Deviation tailed)
Pair 1 Income before ABC ($) 1430.42 2798.76 17.67 15.07 294 0.000  Significant
impact
Income after ABC ($) 4229.17
Pair 2 Output before ABC (tons) 1.73 1.48 1.683 13.60 294 0.000  Significant
impact
Output after ABC (tons) 3.21
Pair 3 Farm size before ABC (ha) 1.12 1.56 0.83 11.28 294 0.000  Significant
impact
Farm size after ABC (ha) 2.68

Source: (Field survey, 2020)

The impact of ABC on beneficiaries was determined by comparing their farm size before and after they became
beneficiaries. The mean farm size before ABC was 1.12ha which increased to 2.68ha after benefiting. The result
revealed that there is a mean difference of 1.56ha in the farm size of beneficiaries after becoming participants of ABC
scheme. The difference in farm size was significant at (= 11.28 < p 0.05) level of significance. This is an indication
that ABC has significantly increased the farm size of respondents. This could be because they would engage in
sustainable production to increase their output and income. It implies that the beneficiaries of the selected ABC
experienced an improvement in farm size after accessing the loan facilities than before participation. This concurs with
Abdullah et al. (2016) study on women participation in credit programme in Malaysia. Similarly, this study agrees with
Gbigbi (2020) on the impact of an intervention on farmers output, income and farm size in Nigeria

4.Conclusions

The big push intervention from agricultural bank credit scheme on farmers beneficiaries in Nigeria was
investigated in this study. Results show that the region of big push was between $244.34-$977.37. The result
reveals that there was substantial improvement as a result of the big push. Big push of the farmers was influenced
by age, household size, education, farming experience, collateral requirement, marital status, cooperative
membership and farm size. The outcome of the t-test also shows that agricultural bank credit loan had positive
effect on smallholder farmers’ income, output and farm size. The major constraints of the beneficiaries were loan
access, high interest rate, collateral, low level of awareness, loan rationing, repayment rate, loan default and high
level of illiteracy. The beneficiaries should be encouraged to subscribe to membership of cooperative society. This
will enable them to easily access micro finance loan because most of these groups dispense loan to their needy
members. Loan acquisition procedure by agricultural bank credit should be made easier as well as the threshold of
farmers financial management ability should be considered during disbursement of loan to farmers for effective
utilization.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Comparison of Bulb Yield, Some Bioactive Compound and Elemental Profile of Taskoprii
Garlic (Allium sativum L.) Grown in Greenhouse and Open Field Conditions

Sera ve Acik Tarla Kosullarinda Yetistirilen Taskoprii Sarimsaginin (Allium sativum L.) Verim,
Baz1 Biyoaktif Bilesikler ve Element igeriklerinin Kiyaslanmasi

Nezahat TURFAN
Abstract

Taskoprii garlic, which is among the Geographical Indications of Turkey, is one of the important sources
of income for the people in the Kastamonu region. It (4//ium sativum L.) has become an indispensable
food in the kitchen with taste, a high peculiar pungent smell, a specific colour, flavon enhancing
molecules. Also, it has been used for medicinal purposes due to having antioxidant capacity, sulphur
compounds, and minerals. Moreover, it can preserve its superior properties for a long time due to its
high dry matter compared to other garlic genotypes. This study was conducted to reveal the yield, storage
duration, and nutritional elements of Task&prii garlic bulbs grown in an open field (OF-TD; OF-KUC)
and greenhouse conditions (GH-TD; GH-KUC) as well as to determine how some bioactive components
including pigment, secondary metabolites, nitrogenous compound, simple reduced sugar, pyruvic acid,
lipid peroxidation (MDA-malondialdehyde) and H»O, (hydrogen peroxide), vary according to the
growing environment in both cloves and fresh leaves. The results revealed that there were significant
differences in the effects of habitat on all the parameters investigated (p<0.001). For instance, while
nitrogenous compounds are high in OF-KUC and GH-KUC samples, OF-TD and GH-TD showed
enrichment in pigment, pyruvate, glucose and secondary metabolites in the fresh leaves. In the cloves,
while pigments and secondary metabolites content were found to be higher in OF-KUC and GH-KUC
samples, the content of nitrogenous compounds, pyruvate and carbon were higher in OF-TD and GH-
TD samples. In terms of nutrients, the GH-KUC cloves were rich in K and P, while OF-TD samples
were rich in N, Mg, S, and Si, and OF-KUC samples were the richest group in Ca, Na, Cl, Mn, Fe, Zn,
Cu and Se. In terms of bulb yield and storage properties, the highest values were noted with OF-KUC
and GH-KUC samples, and the lowest values of them were recorded with GH-TD samples. As a result,
considering the first two highest values of the parameters analyzed in garlic samples, the OF-KUC and
the OF-TD samples had the maximum values, but the GH-TD samples showed the lowest value. It can
be concluded that by cultivating garlic in greenhouses, fresh green leaves with high nutritional value
can be provided to the consumer at all seasons and products with high nutritional value, as well as
products with a storage process / long shelf life can be obtained as in plants obtained from open areas.
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Oz

Tiirkiye'nin Cografi Isaretleri arasinda yer alan Taskoprii sarimsagi, Kastamonu yoresi halkinin énemli gelir
kaynaklarindan biridir. Kendine has tadi, kendine has keskin keskin kokusu, kendine 6zgii rengi, flavon arttirici
molekiilleri ile (Allium sativum L.) mutfaklarin vazgegilmezi haline gelmistir. Ayrica antioksidan kapasitesi,
kiikiirt bilesikleri ve mineraller igermesi nedeniyle tibbi amaglar icin de kullanilmistir. Ustelik sayilan iistiin
vasiflarini, yiiksek kuru madde igerigi diger sarimsak genotiplerine gdre uzun siire koruyabilir. Bu ¢alisma, tarlada
(OF-TD; OF-KUC) ve sera kosullarinda (GH-TD; GH-KUC) yetistirilen Tagkdprii sarimsaginda bas verimi,
depolanma siiresi, besin elementlerinin degisimini belirlemek ve ayrica taze yapraklarda ve dislerde pigmentler,
sekonder metabolitler, azotlu bilesikler, indirgen seker, piruvik asit, lipit peroksidasyonu (malondialdehit) ve H2O:
(hidrojen peroksit) gibi baz1 biyoaktif kimyasal bilesiklerin yetisme ortamina gore nasil degistigini ortaya koymak
icin gergeklestirilmistir. Sonuglar yetisme ortamlarinin incelenen tiim parametreler lizerinde 6nemli etki yaptigini
gdstermistir (p<0.001). Ornegin, azotlu bilesikler OF-KUC ve GH-KUC 6rneklerinin taze yapraklarinda, pigment,
pirivik asit, glikoz ve sekonder metabolitler ise OF-TD ve GH-TD o6rneklerinin taze yapraklarinda zengindir.
Sarimsak diglerinde ise OF-KUC ve GH-KUC 6rneklerinde pigment ve sekonder metabolit icerikleri daha fazla
iken OF-TD ve GH-TD o&rneklerinde azotlu bilesikler, piirivik asit ve toplam karbon miktar yiiksektir. Mineraller
acisindan GH-KUC o6rnekleri K ve P, OF-TD &rnekleri N, Mg, S ve Si ve OF-KUC 6rnekleri ise Ca, Na, Cl, Mn,
Fe, Zn, Cu ve Se miktarinca zengindir. Sarimsak 6rneklerinde bas verimi ve depolama &zellikleri agisindan OF-
KUC ve GH-KUC &rnekleri en yiiksek degere sahip iken, GH-TD 6rnekleri ise en diisiik degere sahip bulunmustur.
Tim degerler géz oniinde bulunduruldugunda OF-KUC ve GH-KUC o6rneklerinin incelenen parametreler
acisindan daha zengin oldugu, GH-TD 6mmeklerinin ise fakir oldugu sdylenebilir. Ayrica Tagkoprii sarimsaginin
seralarda sarimsak yetistirilerek tarlada oldugu kadar besin degeri yiiksek yesil sarimsagin tiiketiciye her mevsim
saglanabilecegi ve depola siiresi/raf dmrii uzun iiriinlerin de elde edilebilecegi sonucuna varilmustir.

Anahtar Kelimeler: Biyokimyasal, Mineral, Sarimsak, Sera, Tarla
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1. Introduction

Recently, greenhouse cultivation is among the most widely used methods in plant production, which is used to
obtain higher yield and quality products per unit area and to increase vegetable production in periods when climatic
conditions affect plant growth in open land (Kontopoulou et al., 2015; Basal and Szabo, 2020). Evaluation of the
smallest suitable areas is important for providing the nutritional demands of population density, which is constantly
increasing. In this context, greenhouse cultivation facilitates access to all kinds of vegetables in markets in all
seasons of the year and provides a source of income, given the need for regular labour. In this aspect, greenhouse
cultivation enables the population to stay in the countryside and indirectly contributes to today's most up-to-date
environmental problems (Gianquinto et al., 2013; Katsoulas et al., 2015). Garlic is a plant that is grown by people
from all geographical regions and cultures. It is consumed fresh or dried and is used in the treatment of diseases,
as well as in reducing pathogenic damage in plants (Obiadalla-Ali et al., 2016; Atif et al., 2020).

In Turkey, the region identified with garlic is the district of Tagkoprii in Kastamonu province named Taskdprii
Garlic, which is characterized by a pungent odour and rich in soluble dry matter, amino acids, vitamins, macro-
microelements, and sulfur-containing compounds and has a long shelf life or storage period. Garlic cultivation is
mostly done within February-March in the district, but it is also planted in October (Turan et al., 2013). While the
cloves of garlic planted in October are harvested in the first weeks of June, garlic cultivated within the February-

March period is generally harvested after the second week of July. According to the data, garlic is grown in 61
provinces in Turkey. The total garlic cultivation area in 2017 was 131, 451 thousand decares and in 2018 it was
121, 805 thousand decares (TUIK, 2019, Akan and Univar, 2020). In 2019, the dry garlic planting area in Turkey
was 120 thousand decares, and Kastamonu was the province with the largest planting area with 26,6 thousand
decares. Although Kastamonu was the province with the highest garlic production until 2018, Gaziantep took the
lead in garlic production in the following years. Kastamonu’s total garlic production was 25,97 thousand tons in
2017 and 20, 54 thousand tons in 2018. In Taskdprii district, the cultivation area of garlic, which was 24 thousand
decares in 2017, decreased to 23 thousand decares in 2018, while the total production amount decreased from 24
thousand tons (2017) to 18 thousand tons (2018) (Akan et al., 2019; Akan and Univar 2020). In 2019, dry garlic
production in Turkey is 103 thousand tons, fresh garlic production is 23,3 thousand tons and the total garlic
production is 126 thousand tons (TUIK, 2019). While China ranks first in world garlic production, India ranks
second and Bangladesh ranks third. Turkey, on the other hand, ranks 13th in garlic production (TUIK, 2019, Akan
and Univar 2020). In recent years, both climatic conditions, improper agricultural practices, and problems
regarding production policy have caused various problems in garlic production and the demand for garlic cannot
be supplied. The most important factor that causes a decrease in yield and quality (by causing mechanical damage
and stimulation of various diseases in green parts of garlic) is the rain and hail rains observed in May in Kastamonu.
This situation causes the garlic producer or farmers to prefer different garlic varieties, thus leading to the import
of garlic. Therefore, the use of greenhouses can serve as an important alternative for improving the yield and
quality of garlic and finding markets for garlic in all seasons with its edible green leaves (Tiizel et al., 2004). Garlic
production is generally based on dry garlic production and, unfortunately, greenhouses are not produced. In
addition, it reduces irrigation and controls heat and humidity requirements (Keyhaninejad et al., 2012; Katsoulas
et al., 2015). There are many studies on bulb yield in garlic, the factors affecting development and yield, and the
main problems in marketing (Tiizel et al., 2004; Turan et al., 2013). However, there is no study to compare the
yield, nutritional and bioactive constituents of Taskoprii garlic grown in the greenhouse and open fields. Therefore,
the purpose of this study was to determine (1) the yield of bulbs, (2) the nutritional levels of fresh leaves and cloves,
and (3) to compare the storage duration of garlic samples grown in the open field and greenhouse conditions. This
investigation is the first study conducted in this scope in Kastamonu.

2. Materials and Methods

2.1. Sowing of garlic, harvesting, and preparation of the garlic for chemical analysis

A total of four experiments; two in PE covered greenhouse (GH) and two in an open field (OF) were conducted
in two different areas, Central Villiage of Taskoprii (TD) and Kastamonu University Campus (KUC) between the
third week of February and the second week of July of 2017. Soil samples for the greenhouse study were taken
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from Tagkdprii District and Kastamonu University Campus and spread over soil in a greenhouse in KUC to
establish experimental plots. Since the soil sample of the experimental greenhouses were the soils taken from their
related district, the properties of experimental soils given in 7able I are representative of these areas. In all four
experiments, garlic cloves were planted on plots of 2.86 m? (1.6mx1.8m) according to a randomized block design
with three replications. Similar caliber garlic cloves were planted at 3-4 cm distances between the rows and
between the cloves in the rows with the end parts visible above the ground (Vural et al., 2000). The N (nitrogen),
C (carbon) and pH of KUC and TD soils used for cultivation were 0.44-0.52%, 27.44-33.558% and 6.54-6.76,
respectively (Table 1). Water was applied twice a week in the greenhouse and open field and irrigation was
continued until the garlic physiological maturity. When the garlic samples reached the 5-6 leaf stage, fully
developed healthy leaves were selected from each application in each repetition. These samples were cleaned with
distilled water, dehumidified, and used fresh for chemical analysis. The garlic bulbs were harvested in the second
week of July when the leaves completely turned yellow and began to dry. The harvested garlic samples were kept
on coarse blotting papers for 10-12 days to lose moisture at room temperature, after which they were freed from
soil particles and kept until they became air dry. Stems and roots of dried samples were separated and cleaned.
Air-dried bulbs were used to determine the fresh weight of bulb (g), as well as the polar and equatorial diameter
of bulbs (cm). For the fresh weight of bulbs, ten samples were weighed using an electronic scale.

Table 1. Chemical properties of the experimental soils
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The polar and equatorial diameter of bubs (cm) was recorded using a millimeter ruler. After the measurement
of bulb yield, the garlic samples were cleaned in running tap water, washed with distilled water, and moisture was
removed with blotter paper. Some of the garlic bulbs were used in chemical analysis, while some were used in
determining the storage duration. The samples reserved for the determination of the storage period were garlic
selected based on the uniformity in size from each repetition in each experimental site as ten bulbs. Selected bulbs
were kept in paper packages at room temperature (22°C + 2°C), with aeration and shadow conditions for 6 months.
The samples were checked at intervals until the end of February 2018. After 6 months of the storage period, bulbs
were compared in terms of colour loss, the number of sprouting, and cloves decay.

2.2. Chemical Analyses

To examine the chlorophyll concentration of garlic leaves, 0.5 g of a fresh leaf was crushed in liquid nitrogen
and homogenized by adding 10 ml of 80% acetone in an ice bath (Lichtenthaler, 1987). For B-carotene and
lycopene content, the fresh samples and cloves were extracted with acetone-hexane (4:6) at once, then the optical
density of the supernatant at 663 nm, 645 nm, 505 nm, and 453 nm was measured via a spectrophotometer at the
same time. The concentrations of B-carotene (Bc) and lycopene (Ly) in the garlic homogenate (in mg per 100 ml)
were estimated spectrophotometrically using the following equations (Eq.1,2) (Nagata and Yamashita, 1992):

Bc=0.216xA1-1.22xA2-0.304xA3+0.452x A4 (Eq.1)
Where; Bc =p-Carotene in 100 ml A1 =A663; A2 =A645; A3 =A505; A4 =A453
Ly=—0.0458xA1 +0.204xA2 +0.372xA3 —0.0806xA4 (Eq.2)
Where; Ly =Lycopene in 100 ml A1 =A663; A2 =A645; A3 =A505; A4 =A453

The Bates method (Bates et al., 1973) was used to estimate the proline content of the leaves and cloves, and
the Bradford method (Bradford 1976) was used to measure the soluble protein content of leaves and cloves. The
total free amino acid content of both garlic parts was measured following the method of Moore and Stein (1948).
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The total phenolic amount was performed following the Folin-Ciocalteu method via spectrophotometric (Singleton
et al., 1999). Total flavonoid measurement was done spectrophotometrically (Kumaran and Karunakaran, 2006).
The level of lipid peroxidation of leaf and cloves were determined and expressed as MDA (malondialdehyde)
content following the method of Cakmak and Horst (1991). The H.0: (hydrogen peroxide) concentration was
determined according to the method of (Velikova et al., 2000). The pyruvic acid concentrations were estimated
according to the colourimetric method developed by Anthon and Barrett (2003) with some modifications. The total
soluble carbohydrate was estimated by spectrophotometry at 620 nm following the Antron Method (McCready et
al., 1950). Glucose and sucrose contents of leaves and cloves were measured following the Antron Method by
spectrophotometry at 630 nm for glucose and 620 nm for sucrose (Handel, 1968). To determine the enzyme
activities of cloves, 0.5 g of a fresh leaf was crushed in liquid nitrogen and then homogenized with 5 ml of 50 mM
(pH= 7.6) KH2PO4 (pH=7) buffered solution containing 0.1 mM Na-EDTA (Etilendiamin tetraacetic acid). The
mixtures were centrifuged for 10 minutes at 10.000 g and 4°C. Enzyme activities in this supernatant were estimated.
APX (ascorbate peroxidase) was determined following the method of Nakano and Asada (1981) by measuring the
oxidation rate of ascorbate at 290 nm (E = 2.8 mM c¢m') and SOD (superoxide dismutase) enzyme activity was
measured following the method of Cakmak and Horst (1991).

2.3. Mineral Analyses of Cloves and Soil samples

For mineral analyses, samples were chosen from cloves from 15 bulbs from each group and all the samples
were separated in order to obtain separate cloves and the outer skins were removed, which were further peeled and
cut in slices. Then, all samples were placed in an oven at 70 °C for 24 h to dry, and the dried samples were
powdered in a laboratory mill. After that, they were put into polyethene bags. Soil samples to levels of 20 cm taken
from Tagkdprii and Campus were air-dried, sieved. Later, both garlic and soil samples were used in mineral
analysis measurements using the SPECTRO brand XEPOS model XRF instrument at the Central Research
Laboratory of Kastamonu University.

2.4. Statistical Analyses

All the experimental data obtained from four experimental sites were subjected to one-way analysis of variance
(ANOVA) using SPSS statistical software (SPSS for Windows, Version 16). Following the results of ANOVAs,
Tukey’s honestly significance difference (HSD) test (oo = 0.05) was also applied.

3. Results and Discussion
3.1. Changing of pigment and secondary metabolites in garlic fresh leaves and cloves

Chlorophyll pigments, carotenoids, phenolic compounds, flavonoids, soluble sugars, and nitrogenous
compounds play important roles in the growth and development stages, as well as in the storage duration or shelf
life of garlic bulbs (Mashayekhi et al., 2016; Yiizbasioglu et al., 2017; Atif et al. 2020). In this study, significant
differences in the amount of photosynthetic pigment, non-photosynthetic pigments and secondary metabolites
were observed in the garlic samples with the growing sites (p<0.001). The amount of chlorophyll in the leaves
ranged from 0.263-0.443 mg g''; carotenoid ranged from 10.76-14.53 mg g''; B-carotene ranged from 0.091-0.807
ug g’'; total phenolic ranged from 17.39-42.46 mg g (Table 2).

OF-TD samples had the highest B-carotene, lycopene, total flavonoid content, but poorest in total chlorophyll
and carotenoid. In cloves, the recorded level varied between 0.935-10.53 pg g''for B-carotene, 3.46-8.25 pg g™! for
lycopene, 164.33-309.70 mg 100 g”! for total phenolic, and 145.67-386.02 mg 100 g'! for flavonoid (7able 2). The
amount of pigment and secondary metabolites differed by growing sites and growing stages of garlic, such as
seedling and bulb (Beato et al., 2011; Gmaa, 2016) (Table 2). These results coincide with those of Gianquinto et
al. (2013); Gadel-Hak et al. (2015); Celebi (2019), who observed that plant bioactive compounds may vary
depending on environmental conditions, developmental stage of organs, and growing season. There were higher
levels of pigment, total phenolic, and flavonoids in OF-TD leaf samples (Table 2). The higher levels of these
above-mentioned parameters in garlic cloves from OF-KUC and GH-KUC associated with the fact that light
conditions stimulated more bioactive compounds in the green leaves of the garlic seedling (Yuan et al., 2015; Atif
etal., 2020). For field-grown garlic seedling, factors, such as sudden drops in air temperatures, heavy precipitation,
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and high light stress, is associated with an increase in carotenoid, lycopene, flavonoid, and phenolic to protect
against photo-oxidative stress in the chloroplast (Schirrmacher et al., 2004; Hortensteiner, 2013). Keyhaninejad et
al. (2012) showed that the amount of leaf chlorophyll and fruit total carotenoids levels of pepper plants grown in
the open field is lower than those grown in greenhouse and shaded greenhouse conditions. Alternatively leaf
carotenoids higher in open field conditions. It has been found that the amount of flavonoids in tomato fruit (Stewart
et al., 2000) and Gynura bicolour plant (Schirrmacher et al., 2004) were much higher than those in samples grown
in the greenhouse. The high level of total chlorophyll in GH-TD and GH-KUC samples was associated with the
higher temperature inside the greenhouse in April when the leaves of garlic were harvested (Gururani et al., 2015).

Table 2. Variation of pigment (total chlorophyll, total carotenoid, f-carotene, lycopene), total flavonoid, and
total phenolic content in garlic fresh leaves and cloves grown in different sites

Leaves Cloves
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*Any two means within a row not followed by the same letter are significantly different at P < 0.05

3.2. Changing of proline, free amino acid, soluble protein content in garlic fresh leaves and cloves

MDA and H:0: are normally produced in physiological events such as differentiation, maturation, and
decreased cellular water, in both leaves and garlic cloves. However, in the green leaves of garlic and developing
cloves, osmolytes with antioxidant properties eliminated the MDA and H.O. damage and provided homeostasis
to the cell (Hossain et al., 2015; Munoz and Munn’e-Bosch, 2018). In this investigation, MDA and H:0>
concentrations varied significantly with all growing conditions (p<0.001). The amount of MDA in cloves was
lowest in GH-TD samples (33.15 umol g!), while H202 was lowest in OF-TD (33.73 pmol g!) samples (Table 3).
In terms of antioxidant osmolytes, such as total soluble protein, proline, and free amino acids in garlic seedling,
OF-KUC and GH-KUC leaf samples had the higher values (7able 3). In garlic cloves, OF-TD and GH-TD samples
were found to be richer in osmolytes (7able 3). Results of total soluble protein of cloves in the current investigation
were similar to those of Chen et al. (2019), who reported that protein concentration was in the range of 21.09-
50.01 mg g'! and that light, temperature, and soil characteristics have a very strong effect on the content of bioactive
compound. It was thought that the amount of MDA and H2Oz is implicated in the higher nitrogen compounds in
OF-KUC and GH-KUC groups when compared to leaf samples of OF-TD and GH-TD (Dietz et al., 2016; Davies,
2016). The low amount of proline and protein in GH-KUC and GH-TD samples confirms this situation (7able 3)
(Hossain et al., 2014; Gujjar1 et al., 2019). It has been reported that soluble amino acids, proteins, and other
nitrogenous compounds, which are among the bioactive components found in organs, such as leaves, roots,
rhizomes, stems, and fruits, are effective in the adaptation of the plant to the environment in which it lives due to
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the prevention of injuries caused by intracellular toxic compounds (Davies, 2016; Gujjart et al., 2019). In this
study, proline, amino acids, and soluble protein of cloves may have played a role in maintaining the osmotic
balance in garlic cloves, as well as in reducing the effect of toxic compounds, such as MDA and H>O: (Hossain et
al., 2014; Davies, 2016).

Table 3. Variation of proline, free amino acid, soluble protein, MDA, and H:0: content in garlic fresh leaves
and cloves grown in different sites

Leaf Cloves
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According to these results, the interaction of location-growing environment factors was found to be important.
Because while total soluble protein in cloves did not change in Kastamonu, it increased in Taskoprii greenhouse.
Similarly, H20> was found to be low in Kastamonu greenhouse and high in Taskdprii greenhouse. During cell-
tissue differentiation, the amount of soluble compounds as protein and amino acids increases in plant organs and
balances their osmotic potential and energy requirements. H20z is synthesized predominantly in plant cells
during metabolic reactions and therefore, play crucial role as signaling molecule in the differentiation
of cells, growth, development processes. In this study, since the temperature factor in greenhouse conditions
stimulates the cell-tissue differentiation rate, it may cause an increase in the amount of proline, protein and H2O:
(Wang et al., 2014; Hossain et al., 2015; Gujjari et al., 2019).

The photoperiod is defined as the ratio of light and dark hours in a 24-hour period, which has a great effect on
the photosynthetic activity, accumulation of bioactive compounds and formation and development of bulbs. As it
is known, photosynthesis provides primary metabolites including carbohydrates as glucose, sucrose, total
carbohydrates, proteins, fatty acids, which leads to the synthesis of many organic molecules related to growth
(Caretto et al., 2015; Pohnl et al., 2019). Soluble sugars as glucose, fructose, and sucrose are stored in the cloves
during bulb formation, which is synthesized in leaves by photosynthesis metabolism, and are used as energy
sources through respiration reactions during the germination or sprouting of the cloves (P6hnl et al., 2019; Oku et
al., 2019).

The amount of glucose of fresh leaves ranged from 79.15 to 118.15 mg g'and from 36.60 to 44.53 mg g’ in
the cloves (p<0.001) while no significant change was observed in the amount of sucrose in the leaves and cloves
in all the groups (7able 4). The total amount of carbohydrates varied between 86.92-91.88 mg g'! in leaf samples
and between 81.955-101.90 mg g! in the cloves. Furthermore, the total carbon content (C%) of cloves varied
between 38.64-43.79% in GH-KUC and OF-TD, respectively. According to data, the amount of C% of OF-TD
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and GH-TD are higher than those from OF-KUC and GH-KUC (Table 4). But the total amount of soluble
carbohydrate was high in the fresh leaves of OF-KUC, OF-TD and GH-KUC seedlings, it was found to be high in
the garlic cloves from GH-TD.

Table 4. Variation of pyruvic acid, glucose, sucrose, total soluble carbohydrate (total carb.), and total carbon
(%) content in garlic fresh leaves and cloves grown in different sites
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This phenomenon has been associated with the light and temperature conditions in the growing environment
of the garlic (Ikeda et al. 2019). Atif et al. (2019), Wu et al. (2016), Atif et al. (2019) reported that in warm and
short-day conditions, garlic bulb yield reduces, but in temperate zones, the bulb productivity enhances due to
increasing size and weight. Similarly, Chen et al. (2019) showed that the amount of total carbohydrate of cloves
varied between 32.01-186.91 mg. Atif et al. (2020) showed that the amount of soluble sugar varied between 14.25-
26.29% and that sucrose varied between 15.91-18.59 mg. They opined that light duration and intensity and
temperature caused an increase in soluble protein, sugars, phenolic compounds, as well as pyruvic acid, which
contributed to the tolerance against the environmental alterations, as well as the nutritive properties of garlic (Van
den Ende and El-Esawe, 2014; Bian et al., 2015; Péhnl et al., 2019). Pyruvic acid is one of the key organic acids
produced during the initial stage of cellular respiration in the cytoplasm, called glycolysis (Avgeri et al., 2020). It
undergoes oxidation through many catalytic enzymes in the mitochondria to form the universal energy (ATP) as
well as precursors of many organic molecules as terpenoids, amino acids, hormones, and pigments (Oku et al.,
2019; Wall and Corgan, 2019).

Studies have been revealed that the quality of garlic clove is significantly affected by the amount of pyruvic
acid both during the growth and development phase and during the storage period, which can cause a negative
effect through stimulating the sprouting rate, spoiling of tissue and deterioration of colour by the oxidations of
chemical constituents and water loss (Angeletti et al., 2010; Wall and Corgan, 2019).

In this study, the amount of pyruvic acid in the leaves ranged from 56.67 and 74.63 pmol g'! from 3.85 to 7.89
umol g in the cloves, respectively (7able 4). The concentration of pyruvic acid is the highest in the samples of
OF-TD in both leaves and cloves. The high amount of sucrose and total carbohydrate in leaf samples of OF-KUC
and OF-TD group was evaluated as a strategy for tolerance developed by the leaves against climatic changes that
may occur in the open field (Yuan et al., 2015; Atif et al., 2020). As a matter of fact, in OF-TD fresh leaf samples,
[-carotene, flavonoid, and phenolic compounds were also high, while glucose, sucrose and total carbohydrate are
the highest. The quantities of total carotenoids, flavonoids, proline, sucrose, and total carbohydrate were high in
OF-KUC leaf samples, which also confirmed this finding (Keyhaninejad et al., 2012; Yan et al., 2017; Gujjar1 et
al., 2019). These compounds were also reported to have a high effect on the shelf life of garlic, with their properties
of balancing water content in tissues and cells (Wang et al., 2014; Gmaa, 2016). In garlic cloves, the amount of
sucrose was high in OF-KUC and OF-TD samples and total carbohydrate content was high in GH-KUC and GH-
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TD samples (Table 3). This result was associated with a higher respiration rate of tissues in garlic grown in
greenhouse conditions (Mashayekhi et al., 2016; Avgeri et al., 2020).

3.3. Mineral status of garlic samples

Kinds of Garlic are rich in minerals, such as N, K, P, Mg, S, Ca, Fe, Mn, Zn, and Cu, which are of huge benefits
to human health as well as the development of garlic seedling and bulbs and its adaptation to the change of
environmental conditions (Bloem et al. 2011; Drissi et al. 2015). In this study, N concentration in garlic ranged
from 1.87 to 2.36% (GH-KUC and OF-KUC, respectively), from 1.89 to 2.52% (GH-TD and OF-TD, respectively)
(Table 5). Soil N level varied between 0.44 (KUC) and 0.52% (TD). The nitrogen level was found to be higher in
the garlic samples of OF-TD and OF-KUC. Variations of N contents were similar to the amino acid, pyruvic acid,
glucose and sucrose (Table 4, Table 5). One possible explanation for this situation is that light conditions can
stimulate the synthesis of precursors of macromolecules via respiration (Bian et al., 2015; Caretto et al., 2015;
Basal and Szabo, 2020). K and Ca contents of soil samples were found to be high in the KUC soil mixture, while
P, S, and Mg were found in the TD soil mixture, which was used in garlic cultivation (7able I). The highest K
(22333 mg kg') and P (5312 mg kg!) in garlic samples were found in GH-KUC samples; the highest Ca (11255
mg kg™!) was found in OF-KUC samples, and the highest S (10122 mg kg!) and Mg (157.52 mg kg'!) were found
in OF-TD samples (7able 5). K and Ca content of cloves from OF-KUC and GH-KUC, is parallel to the amount
of soil elements, while the Mg and S of gloves from OF-TD and GH-TD, contents are parallel with the TD soil
Mg and S content (7able 5). When micronutrient element changes in garlic samples are examined, as seen in Table
6, OF-KUC samples were observed to be richer in terms of all ions, except the Si element. The highest Si content
was determined as 186.3 mg kg™ in OF-TD samples, while the lowest Si content was determined as 127.2 mg kg’
!'in OF-KUC samples. Microelement content of soil samples revealed that, Mn (536 mg kg'') Fe (42444 mg kg™'),
Si (17844 mg kg™!), and Se (0.61 mg kg™') content of KUC soil were higher than TD soil; whereas, TD soil were
found to be richer in Na (123.76 mg kg!), C1 (6975 mg kg™!), Zn (71 mg kg™'), and Cu (37.8 mg kg!) (Table 6).

Table 5. Macronutrient contents of harvested garlic bulbs (mg kg™')

E § % mg kg!

Ew N K Ca P S Mg
OF-KUC  2.36+0.02 18478 £20  11255£20 46356  7377+5  37.35%0.001
GH-KUC  1.87+0.001 22333£30  10234=18  5312£6 84896  27.87=0.001
OF-TD  2.52+0.003 19422420 299249 49586  10122+10 157.52+48
GH-TD  1.89:0.015 19886£19  2916+9 487946  10088+9  153.27+46

The amount of macronutrients and trace elements detected in this study coincide with the results recorded in
other investigations, which revealed that the most abundant macronutrient elements in plant tissues are generally
K, Ca, Na, Mg, P, S, Fe, Zn, Cl, Cu, and Si, such that to the development stage of organs, as well as soil nutrients
concentration (Anschiitz et al. 2014; Demidchik and Shabala, 2018). In previous studies, it has been shown that K
and Ca elements in fruits, seeds, leaves, and rhizomes play a role in the promotion of shelf life (Bloem et al., 2011;
Vadala et al., 2016), wall resistance, and osmotic potential (Demidchik et al. 2014; Hossain et al., 2014), and thus
contribute to the extension of bioactive components in food for longer periods (Martins et al., 2016). Also, S is
involved in the synthesis of organosulfur compounds in garlic and P is involved in the synthesis of amino acids
and proteins (Chen et al., 2013; Drissi et al., 2015). And also, S and pyruvic acid are the key factors in the synthesis
of organosulfur molecules, amino acids, and flavour substances in Allium spp. It has been reported that pyruvate
is produced as a stable primary organic acid from the enzymatic breaking of each of the flavour precursors (Sardar
and Kempken, 2018; Yoo et al., 2019).
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Table 6. Micronutrient contents of harvested garlic bulbs (mg kg™')

. Na Cl Mn Fe Zn Cu Si Se
Growing
sites

OF-KUC 116.54 £ 817.87 + 3424 + 167.45 £ 64.49 + 10.57 + 1272 + 0.507 +
0.0030 1.11 0.23 1.34 0.23 0.3 2.6 0.001

GH-KUC 101.23 £ 767.72 £ 29.57 + 164.79 + 36.89 + 8.98+0.3 129.3 £ 0.503 +
0.910 0.93 0.22 0.23 0.31 2.4 0.001

OF-TD 99.88 + 703.57 £ 30.48 £ 35.06 + 3297+ 9.23+0.3 186.3 £ 0.467 +
0.0020 0.97 0.33 0.44 0.31 2.7 0.001

GH-TD 97.56 £ 700.46 £ 30.26 £ 3411+ 30.86 + 9.17+0.3 184.9 + 0.465 +
0.0340 0.97 0.31 0.44 0.31 2.2 0.001

The high amount of proline and amino acids and pyruvic acid in the samples with high S content in the study
strengthens this result (Hossain et al., 2014; Yan et al., 2017). Trace elements are ions necessary for the
maintenance of many physiological processes in the plant, but these ions contribute to the preservation of health
by participating in many reactions in human metabolism (Hossein et al., 2014; Drissi et al., 2015). The values of
micronutrients from the garlic samples are in accordance with the results of Drissi et al. (2015), and Ozer and
Aksoy (2019), indicating those trace elements are found in fewer amounts in plants compared to the essential
nutrients.

3.4. Yield changes in garlic bulbs and differences in storage duration of the samples

The bulb yield of garlic varies depending on soil characteristics in the growing environment, climatic
parameters, such as temperature, light, humidity, and preharvest treatments (Atif et al., 2020). The average weight
(39.83 g), length (3.39 cm), width (3.78 cm), and the number of cloves per head were highest in OF-KUC samples
(Table 7).

Table 7. Some yield and storage parameters of garlic grown in different sites

After harvesting

" Bulb After storage
E “Length Width Weight T S5 NG O Number of
23z () (i) ) total cloves per Healthy B ——
© = head cloves
23 8 3.39¢ +0.04 3.78d + 0.06 39.83d+1.72 23¢+0.57 17.33 ¢+ 0.67 4a+0.33
© R
s % 2.86b+0.11 3.06c+0.11 21.53 ¢+ 1.46 11.33a+0.66 8.33a+0.33 5a+0.33
© £
é E 1.96a+ 0.15 2.11b+0.12 12.66b + 0.44 15.00 b+ 0.57 9.33b£0.33 8b+0.35
e A 1.91a+0.12 1.70a + 0.08 8.92a + 0.43 11.00 a+ 0.57 8.33 a+ 0.33 8b+0.35
]

=

F 27.424 42.994 54.224 86.23 9.72 48.25

Sig <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*Any two means within a row not followed by the same letter are significantly different at P < 0.05

These values were lowest in GH-TD samples. Considering the growing areas, bulb properties and clove
numbers were higher in OF-KUC samples. Considering the length, diameter and weight measurements, the data
were found to be higher in OF-KUC samples, but OF-KUC and OF-TD samples showed a better value based on
the number of cloves (7Table 7). It has been proven that vegetables grown in the greenhouse can show a rapid
growth period in the vegetative part, with the advantage of controlled conditions; whereas, the underground parts,
including root, rhizome, or storage stems, such as onion and garlic, develop better in the open field (Beato et al.,
2011; Gururani et al., 2015). The shelf life or storage duration of garlic and onion bulbs is closely related to the
applications during preharvest and postharvest periods, conditions of the storage environment, water ratio in the
cloves, the concentration of bioactive compounds, and amount of elements, such as K, Ca, P, and S (El-Morsy et
al., 2004; Chen et al., 2019; Drissi et al., 2015). The number of healthy cloves without any colour loss and sprouting
in garlic samples were found to be high in OF-KUC and OF-TD samples (7able 7). However, sprouting rate and

257



Turfan
Comparison of Bulb Yield, Some Bioactive Compound and Elemental Profile of Tagkdprii Garlic (Allium sativum L.) Grown in Greenhouse and Open Field
Conditions

colour loss were the highest in OF-TD and GH-TD samples. The values related to the storage life of garlic are
similar to those of the studies on the storage life of bulbous species. In a study by Gmaa (2016), in which the
effects on garlic storage duration, colour loss, deterioration rate, and amount of some bioactive compounds in
garlic samples treated with foliar K, Ca, and chitosan was investigated, it was observed that all three applications
extended the storage life of garlic, reduced the rate of decay, and increased the rate of chemical compounds.
Similarly, it has been reported that Ca and K applications significantly extend the shelf life of strawberries
(Angeletti et al., 2010), onions (Obiadalla-Ali et al., 2016) and garlic (El-Morsy et al., 2004), as well as prevent
oxidation of chemical content and stimulate wall resistance.

However, it was thought that the high number of healthy cloves without any decay in OF-KUC and OF-TD
samples and the low number in GH-TD and GH-KUC samples may also be related to the total amount of soluble
carbohydrates in these samples (Yuan et al., 2015; Oku et al., 2019; P6hnl et al., 2019). Moreover, the number of
healthy cloves is higher in samples with high K and Ca and low S content. This result is similar to that of Bloem
etal. (2011), Vadala et al. (2016) which shows that while K and Ca content is high and S content is low, the amount

of allicin 1s higher in garlic and the weight loss in garlic is also reduced.
4. Conclusion

In this study, it was found that the behaviour of green parts and bulbs growth and development patterns of
garlic is quite differed by growing conditions and the mineral level of soils. In terms of fresh leaves, nitrogenous
compounds are high in OF-KUC and GH-KUC samples, but the quantities of pigments, pyruvate, glucose and
secondary metabolites are high in OF-TD and GH-TD samples. In the cloves, while pigments and secondary
metabolites were found to be richer in OF-KUC and GH-KUC samples, the status of nitrogenous compounds,
pyruvate and carbon were found to be higher in OF-TD and GH-TD samples. The richest group in terms of
bioactive components was recorded as OF-TD and GH-KUC, respectively. The amount of major minerals in garlic
cloves varied widely. The highest level of K and P were obtained from GH-KUC samples, the highest N, S and
Mg levels were recorded with the OF-TD samples, but OF-KUC samples were the richest in Ca, Na, Cl, Mn, Fe,
Zn, Cu and Se elements. In terms of bulb yield and storage properties, the highest values were noted with OF-
KUC and GH-KUC samples, and the lowest values of them were recorded with GH-TD samples. Considering the
first two highest values of the parameters measured in garlic samples, OF-KUC and OF-TD samples had the
highest values and GH-TD samples showed the lowest values. As a result of this study, it can be concluded that,
by cultivating garlic in greenhouses, fresh green leaves with high nutritional value can be provided to the consumer
at all seasons and products with high nutritional value and high storage resistance can be obtained as well as in
open fields. Besides, it can be said that by growing garlic in a greenhouse, the economic gain of the producers can
be increased by obtaining high-quality and high-yield products due to the shortening of vegetation period, earliness,
and also by protecting it from adverse climatic conditions. In addition, reliable products in terms of human health
can be supplied with organic production under greenhouse conditions without causing any environmental
damaging. However, more studies of the effective parameters on garlic cultivation in a greenhouse environment
may be beneficial in revealing the results in a healthier and more scientifically way.
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Chemical Composition, Antioxidant Capacity And Total Phenolic Content of Hazelnuts
Grown In Different Countries

Farkli Ulkelerde Yetistirilmis Findiklarin Antioksidan Kapasitesi, Fenolik Icerigi ve Kimyasal
Kompozisyonu

Siimeyye SAHIN'*, Tahsin TONKAZ?, Tarik YARILGAC?
Abstract

Hazelnut providing the macro-and micronutrients is a constituent of the healthy diet. Hazelnut, one of the most
consumed treenut, is produced in the different countries. The geographical origin influences the chemical
composition and the biological activity in the several plant foods. The purpose of this study is to evaluate the
chemical composition, the antioxidative capacity and total phenolic content of the hazelnut kernels obtained from
the different countries, including Azerbaijan, Chile, Italy, and Turkey. The hazelnut kernels were examined for
crude oil, ash, moisture, and protein contents. The refractive index, iodine value, and fatty acid composition of the
hazelnut oils were identified. In addition, the hazelnut oil, the kernels, and the defatted kernels were tested for their
antioxidative activities and total phenolic contents. Protein contents of the hazelnuts from different countries were
similar. The largest oil yield was determined in the hazelnut kernels from Chile and Turkey (62.35 + 0.51 % and
62.29 £ 0.46 %, respectively). While the oil from Turkish hazelnut kernels showed the highest oleic acid content
(84.09 + 0.17 %), Azerbaijan hazelnut oil had the lowest oleic acid content (78.10 = 0.48). The highest phenolic
content was detected in the hazelnut kernels from Azerbaijan. Although the lowest phenolic content was observed
in the hazelnut kernels from Turkey, the most potent antioxidative capacity was determined in the Turkish hazelnut
kernels, their oil, and their defatted form. It can be concluded that the Turkish hazelnut kernels could contain high
amounts of the fat-soluble antioxidants in addition to the water-soluble phenolic antioxidants. The results
suggested that the hazelnuts exhibited different chemical composition, antioxidant capacity, and phenolic content
depending on their origin.

Keywords: Hazelnut oil, Geographical origin, Fatty acid composition, Antioxidant capacity, Total phenolic content

t*Sorumlu Yazar/Corresponding Author: Siimeyye SAHIN, Department of Food Engineering, Ordu University, 52200 Ordu, Turkey. E-mail:
sumeyyesahin@odu.edu.tr "= OrcID: 0000-0002-9344-7690
2Tahsin TONKAZ, Department of Biosystem Engineering, Ordu University, 52200 Ordu, Turkey. E-mail: ttonkaz@odu.edu.tr OrcID: 0000-0002-7136-1562
3Tarik YARILGAGC, Department of Horticulture, Ordu University, 52200 Ordu, Turkey. E-mail: t.yarilgac@odu.edu.tr OrcID: 0000-0003-2097-7161.
Atif/Citation: Sahin, S, Tonkaz, T, Yarilgag, T. Chemical composition, antioxidant capacity and total phenolic content of hazelnuts grown in different countries.
Tekirdag Ziraat Fakiiltesi Dergisi, 19 (2), 262-270.
©Bu galigma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmistir. Tekirdag 2022

262




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(2)

Oz

Makro- ve mikro besin elementlerini karsilayan findik, saglikli beslenmenin bir pargasidir. En ¢ok tiiketilen agag
yemislerinden biri olan findik farkli iilkelerde yetistirilmektedir. Bilindigi {izere gesitli bitkisel gidalarda, cografi
orjin bitkinin kimyasal bilesimi ve biyolojik aktivitesini etkilemektedir. Bu ¢aligmanin amaci, Azerbaycan, Sili,
Italya ve Tiirkiye olmak {izere 4 farkli {ilkeden temin edilmis findik numunelerinin kimyasal kompozisyonu,
antioksidan kapasitesi ve toplam fenolik icerigini degerlendirmektir. Calisma kapsaminda findik numunelerinin
ham yag, kiil, nem ve protein icerikleri analiz edilmistir. Bu findik numunelerinden elde edilen yaglarin refraktif
indeks, iyot sayis1 ve yag asidi kompozisyonlar1 belirlenmistir. Buna ilaveten findik yag1, yagi alinmis findik ve
islem yapilmamis findik numunelerinin antioksidan igerikleri ile toplam fenolik igerikleri analiz edilmistir.
Calisma bulgularina gore farkli iilkelere ait findik numunelerinin protein igeriklerinin benzer oldugu saptanmustir.
Calismada en fazla yag verimi Sili ve Tiirkiye'ye ait findik numunelerinde belirlenmistir (sirastyla % 62.35 + 0.51
ve % 62.29 + 0.46). Tiirkiye’den temin edilen findiklardan elde edilen yaglarin en yiiksek oleik asit igerigine (%o
84.09 + 0.17) sahip iken, Azerbaycan findik numuneleri yaglarinin en diisiik oleik asit icerigine (% 78.10 + 0.48)
sahip oldugu bulunmustur. En yiiksek toplam fenolik igerigine Azerbaycan’dan temin edilen findik numunelerinde
saptanmistir. En diisiik toplam fenolik iceriginin Tiirkiye’ye ait findik numunelerinde gézlemlenmesine ragmen,
en yiiksek antioksidan kapasitesinin de yine bu Tiirkiye’den elde edilen findik numunelerinin, bunlardan elde
edilen yag ve yagsiz numunelerin sahip oldugu bulunmustur. Bu durum Tiirkiye’ye ait findik numunelerinin suda
¢ozilinebilen fenolik antioksidanlara ek olarak yiiksek miktarda yagda ¢6ziinebilen antioksidan da icerebilecegini
gostermektedir. Calisma sonuglari, findigin orjinine bagl olarak farkli kimyasal bilesim, antioksidan kapasitesi ve
fenolik icerige sahip oldugunu ortaya koymustur.

Anahtar Kelimeler: Findik yagi, Cografik orjin, Yag asiti kompozisyonu, Antioksidan kapasite, Toplam fenolik i¢erik
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1. Introduction

According to WHO, a healthy diet containing nuts helps to prevent malnutrition as well as a range of
noncommunicable diseases (WHO, 2019). Hazelnut (Corylus avellana L.) is one of the most popular edible tree
nuts and the second most produced tree nuts in the world after almonds (Alasalvar and Shahidi, 2009). The total
production of hazelnut with shell in the world is 1006178 tones and Turkey, the main hazelnut-producing country,
produces 675000 tones (67 % of total production) in 2017. Italy is the second largest hazelnut producer, accounting
for roughly 13 percent of the world’s production, followed by Azerbaijan with 4.3 percent of production. Although
Chile is a new hazelnut producer, it provides 1.8 percent of the global supply (FAO, 2019).

Hazelnuts, rich in macronutrients and micronutrients, are widely consumed as whole nuts. Among the
constituents, fat is the major component, ranging from 43.8 to 69.0 % (Amaral et al., 2006; Cetin et al., 2020;
Koksal et al., 2006; Li and Parry, 2011; Savage et al., 1997). The hazelnut and its oils are also used for cooking,
baking, in salad dressings, and in cosmetic products (Alasalvar and Shahidi, 2009; Giiner et al., 2017). Hazelnut
oil is characterized by high oleic acid content, a monounsaturated fatty acids (MUFA). Since hazelnut oils have
small amounts of saturated fatty acids and high percentage of unsaturated fatty acids (Alasalvar et al., 2006; Amaral
et al., 2006; Cetin et al., 2020; Crews et al., 2005; Ghirardello et al., 2013; Koksal et al., 2006; Li and Parry, 2011;
Maguire et al., 2004; Savage et al.,1997), they provide health benefits, such as decreasing the risk of developing
heart disease (Alasalvar and Shahidi, 2009; WHO, 2019). In addition to fats, hazelnuts are a good source of quality
proteins which contain essential amino acids, particularly arginine, leucine, phenylalanine and valine. Protein
content of hazelnuts varies from 9.3 to 22.5 g/100 g (Amaral et al., 2006; Cetin et al., 2020; Koksal et al., 2006;
Savage and McNeil, 1998; Venkatachalam and Sathe, 20006).

Hazelnut is rich in water-soluble and fat-soluble vitamins. It serves a great source of vitamin E, which is a lipid
soluble, powerful antioxidant and has health benefits acids (Alasalvar et al., 2006; Crews et al., 2005; Koksal et
al.,2006; Savage et al., 1997). In addition, hazelnut contains phytochemicals described as calori-free, natural
bioactive compounds such as phenolic compounds (Alasalvar and Shahidi, 2009). Several studies indicated total
phenolic content and also phenolic compounds (Solar and Stampar, 2011; Giiner et al., 2017) identified as phenolic
acids acting as antioxidant (Altun et al., 2011; Arcan and Yemenicioglu, 2009; Contini et al., 2008; Li and Parry,
2011). Recently, the total antioxidant capacity and antioxidant active compounds in hazelnut have been reported
(Altun et al., 2011; Arcan and Yemenicioglu, 2009; Contini et al., 2008; Delgado et al., 2010; Ghirardello et al.,
2013; Li and Parry, 2011; Miraliakbari and Shahidi, 2008; Shahidi et al., 2007; Yang et al., 2009).

Although the nutritional and chemical composition and also the total antioxidant capacity and phenolic contents
in different Turkish hazelnut cultivars have been demonstrated, the differences in chemical composition and
biological activity of hazelnuts from different countries are not fully evaluated. The aim of the present study was,
therefore, to investigate the chemical composition, antioxidant capacity and phenolic content of hazelnut kernels
obtained from different countries, including three countries producing the most nuts in the world (Turkey, Italy,
Azerbaijan) and a new hazelnut producer, Chile.

2. Materials and Methods
2.1. Materials

The dry hazelnuts without shells were obtained from marketplaces and supermarkets in Italy, Chile, Turkey, and
Azerbaijan. The hazelnut kernels were grounded in a coffee mill prior to analysis.

Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), ethyl alcohol, sodium thiosulfate, diethyl ether,
DPPH (2,2-diphenyl-1-picrylhydrazyl), 25% potassium methoxide solution in methanol, gallic acid, CCls, potassium
iodide, and NaCOs, were purchased from Sigma-Aldrich (St. Louis, USA). Hexane, Wijs, folin-ciocalteu, n-Butanol,
and 25% sulfuric acid were obtained from Merck (Darmstadt, Germany).

2.2. Methods
2.2.1. Determination of proximate composition

The moisture content of hazelnut samples was determined using oven drying at 105 °C. To determine ash content,
3 grams of each hazelnut sample were kept in the ceramic crucibles at 550 °C until a constant final weight for ash was

264




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(2)

achieved. Total fat was extracted 2 hours with n-hexane by using Soxhalet extraction apparatus (Velp Ser 148, Milano,
Italy). Kjeldahl method was used for determination of protein content, which was calculated as total N x 6.25 (James,
1995.

2.2.2. Determination of fatty acid composition

Fatty acid composition of the hazelnut oils was determined by gas chromatograph (GC) according to the method
described by Petersen et al. (2012). The oils were derivatized to fatty acid methyl esters (FAME; Restek, US) using
25% potassium methoxide solution in methanol. After neutralization with 25% sulfuric acid, FAMEs were extracted
and injected into a TR-CN100 column (60 m % 0.25 mm LD., 0.20 pm film thickness; Teknokroma, Spain) for
seperation. The column was connected to a Shimadzu 2010 Series (Shimadzu, Tokyo, Japan) GC with a flame
ionization detector (FID). The injector temperature was 140°C. Nitrogen was used as the carrier gas (30 mL/min). The
temperatures of the oven, and detector were 250°C. FAMEs were identified in the hazelnut oils by comparing the
retention times of the unknown peaks with those of the standard FAMEs.

2.2.3. Determination of refractive index and iodine value

To measure the refractive index of hazelnut oil, an Abbe refractometer was used. Analysis of iodine value was
performed by the Wijs method according to literature (Shimamoto et al., 2016) with some modifications. The hazelnut
oil samples (0.20 g) were dissolved using 15 mL of solvent (CCls) and 25 mL of Wijs solution. After incubation for 1
h in the dark, this solution was added to 20 mL of the potassium iodide solution (100 g/L) and 150 mL of distilled
water. Then, 2 or 3 drops of 1 percent starch solution was added. Titration with 0.1 N sodium thiosulfate solution was
carried out until the blue color disappeared.

2.2.4. Determination of total phenolic content

Total phenol contents of hazelnut kernel and defatted hazelnut kernel extracts were assayed by the Folin-Ciocalteu
method described by Kaplan et al. (2019) slightly modified. 20 pL of kernel extract were mixed with 1300 pL distilled
water and 50 pL Folin-Ciocalteu reagents. After incubation at room temperature for 2 min, 50 uL of Na2CO3 (7.5%,
w/v) were added to the mixture. Then, the mixture was allowed to stand at room temperature for 60 min. The
absorbance of the mixture was measured at 765 nm with a Perkin—Elmer Lambda 35 UV/Vis spectrophotometer
(Perkin—Elmer 710 Bridgeport Avenue Shelton, CT 06484-4794, USA). Gallic acid was chosen as a standard. Total
phenol contents in hazelnut extracts were calculated using standard curves. Results were expressed as millimoles per
liter gallic acid equivalents.

2.2.5. Determination of total antioxidative activity

To determine the antioxidant capacity of the hazelnut kernels, defatted hazelnut kernels, and hazelnut oils, the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay was performed by the method according to literature
(Sahin, 2011). 40 pL of the samples were added to 1.5 mL of DPPH solution (0.6 mM in n-butanol) in a microcuvette.
After the mixture was incubated at room temperature for 30 min, the absorbance of the mixture was determined spectro-
photochemically at 515 nm. Trolox was the standard used to calculate antioxidant capacity.

2.2.6. Statistical analysis

Data were statistically analysed using the Holm-Sidak multiple comparisons test following repeated measures two-
way ANOVA (p <0.05, p<0.01, p<0.001, and p < 0.0001) by the software GraphPad Prism 6 (GraphPad Software,
La Jolla, USA).

3. Result and Discussion

The moisture, ash, protein and oil content of hazelnut kernels are shown in 7able 1. The moisture and ash contents
were 2.80- 5.31 % and 2.34-3.79 %, respectively. Similar results for moisture and ash of hazelnut grown in Turkey
have been shown before (Alasalvar et al., 2003; Cetin et al., 2020; Gunes et al., 2010; Koksal et al., 2006; Ozdemir
and Akinci, 2004; Seyhan et al., 2007). Hazelnuts from Italy yielded the highest amount of protein (19.15 %) whereas
hazelnuts grown in Azerbaijan had the lowest protein yield (16.48 %). The protein contents of hazelnut samples grown
in Turkey were similar to those reported by Cetin et al. (2020), and by Koksal et al. (2006). Hazelnuts of Chile and
Turkey showed highest oil content (62.35% and 62.29%, respectively), followed by Italy (54.34%) and Azerbaijan
(53.82%). The oil yield of hazelnut grown in Turkey was generally in good agreement with the results reported by
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Cetin et al. (2020), by Kiralan et al. (2015), by Kdksal et al. (2006), and by Li and Parry (2011). On the other hand, the
oil content of Italian hazelnuts found in this study was lower than that determined by Ghiradello et al. (2013). Several
factors, including growing conditions, harvest time, fruit maturity, geographic origin, seed diversity, clime,
environmental conditions etc. can affect the amount of fat (Alasalvar et al., 2006; Koksal et al., 2006; Li and Parry
2011). To our knowledge, moisture, ash, protein, and oil content of hazelnut kernels grown in Azerbaijan and Chile
have not been described before.

Table 1. Chemical composition of hazelnut kernels

Moisture (%) Total ash (%) Protein (%) Total oil (%)

Azerbaijan 2.80+0.63 2.71+0.19 16.48 +0.43 53.82+0.28
Chile 4.15+40.63 2.57+0.05 18.76 £ 0.09 62.35+0.51
Italy 5.04+0.37 3.79+0.09 19.15+0.12 54.34+0.44
Turkey 5.31+£0.04 2.34+0.13 18.69 +0.09 62.29 +0.46

Table 2 gives fatty acid composition, iodine value, and refractive index of hazelnut oils. Hazelnut oil is naturally
high in oleic acid (C 18:1 n 9; monounsaturated fatty acid) and its oleic acid content varies from 73.8 % to 85.7 %
(Alasalvar et al., 2006; Crews et al., 2005; Cetin et al., 2020; Ghirardello et al., 2013; Koksal et al., 2006; Li and Parry,
2011; Maguire et al., 2004; Savage et al.,1997). In this study, the most abundant fatty acid was oleic acid, in the range
from 78.1 % in hazelnut from Azerbaijan to 84.09 % in hazelnut from Turkey. Linoleic acid (C 18:2 n 9, 12;
polyunsaturated fatty acid) ranged from 7.11 (hazelnut of Turkey) to 9.69 % (hazelnut of Italy). Similar results of oleic
acid and linoleic acid have been reported for hazelnut from Turkey (Alasalvar et al., 2006; Crews et al., 2005; Cetin et
al., 2020; Koksal et al., 2006; Li and Parry, 2011) and Italy (Crews et al., 2005; Ghirardello et al., 2013). It has been
also reported that fatty acid contents in hazelnut varies depending on geographical location and varieties (Crews et al.,
2005; Koksal et al., 2006; Li and Parry, 2011). Significant differences were also observed in the iodine value which is
a measure of the degree of unsaturation in fatty acids. The lowest iodine value was determined in hazelnut oil from
Turkey (p<0.0001), whereas hazelnut oil from Chile had the highest value (p<0.0001). Iodine values of hazelnut oils
were generally in good agreement with the results published by Crews et al. (2005). It was found that there were no
significant differences between refractive indexes of hazelnut oil samples (p>0.05) and refractive indexes (1.466-
1.468) were similar to those reported by Firestone (2013).

Table 2. Chemical composition and quality parameters of hazelnut oil samples

Fatty Acid Composition (%o) Refractive
C16:0 C18:0 Cl181c¢c9 C18:2 Todine value Index
c9cl2 (25 °C)
Azerbaijan 8.04+£0.19 3.27+0.08 78.10+0.48 7.92+£0.10 86.38 +0.44 1.466 £+ 0.00
Chile 6.97 +0.02 2.87+0.02 80.22+£0.03 9.67+0.03 90.12+0.14 1.468 = 0.00
Italy 5.96 +£0.02 2.86+0.05 81.31+0.02 9.69 +0.02 88.86 +0.23 1.467 £ 0.00
Turkey 545+0.1 321+0.04 84.09+0.17 7.11+£0.02 81.43+0.42 1.467 £ 0.00

It was shown previously that hazelnut has high antioxidative activity analysed by several methods such as TAC,
ORAC, CUPRAC, TOSC, ABTS/ persulfate, AAPH-linoleic acid assay, and DPPH (Altun et al., 2011; Arcan and
Yemenicioglu, 2009; Contini et al., 2008; Delgado et al., 2010; Ghirardello et al., 2013; Li and Parry, 2011;
Miraliakbari and Shahidi, 2008; Shahidi et al., 2007; Yang et al., 2009). In this study, we evaluated the antioxidant
capacity of hazelnut kernels, hazelnut oils and defatted hazelnut kernels using the DPPH-radical assay (Figure 1).
Among the hazelnut oil samples, the oil of hazelnuts grown in Turkey exhibited the highest antioxidative capacity
(1.48 mmol/L trolox equivalents), followed by hazelnut oil from Azerbaijan and Italy (1.06 and 0.84 mmol/L trolox
equivalents, respectively), and finally from Chile (0.30 mmol/L trolox equivalents). The trolox equivalence value of
hazelnut oil from Turkey was 4.9-fold higher than that of oil of hazelnut grown in Chile. Among the defatted hazelnut
kernels, the highest DPPH radical scavenging capacity was also observed in the Turkish defatted hazelnut kernels (1.66
mmol/L trolox equivalents), followed by Azerbaijan and Italy (0.77 and 0.59 mmol/L trolox equivalents), and finally
Chile (0.42 mmol/L trolox equivalents). From these results it can be decuded that the hazelnuts grown in Turkey are
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rich in not only fat-soluble antioxidants, but also water-soluble antioxidants. Among fat-soluble antioxidants, Alasalvar
et al. (2006) and Koksal et al. (2006) detected and quantified a high amount of a-tocopherol, the other tocopherols and
small amounts of tocotrienols in oil from Turkish hazelnut (Alasalvar et al., 2006; Koksal et al., 2006). Altun et al.
(2011) identified some phenolic compounds as water soluble antioxidants in Turkish hazelnut. When tested the
hazelnut kernels, the Turkish hazelnut kernels demonstrated highest antioxidant capacity, followed by, in descending
order, Azerbaijan > Italy > Chile (Figure ). These results are in agreement with those reported by Li and Paryy (2011)
showing that the antioxidant capacity of hazelnut is influenced by the geographical origin of hazelnut.

3,00
2,50
2,00
1,50
1,00

0,50

antioxidative capacity [mmol/L
trolox equivalents]

0,00

Hazelnut Oil Defatted Hazelnut Kemels Hazelnut Kernels

m Azerbaijan m Chile m [taly m Turkey

Figure 1. Antioxidant capacity of hazelnut oil, hazelnut kernel and defatted hazelnut kernel. The data are
reported as mean + standard deviation; n=3. **p < 0.01, and ****p < 0.0001 compared to hazelnut oil from
Turkey; ** p < 0.0001 compared to defatted hazelnut kernels from Turkey; > p < 0.0001 compared to
hazelnut kernels from Turkey.

In addition, we evaluated the total phenolic content of hazelnut kernels and defatted hazelnut kernels by the Folin-
Ciocalteu assay. The results are given in Figure 2. The highest phenolic content was determined in defatted hazelnut
kernels from Azerbaijan (0.47 mmol/L), while kernels of hazelnut grown in Turkey had the lowest phenolic content
(0.21 mmol/L). Interestingly, despite its low phenolic content, Turkish hazelnut exhibited the highest antioxidative
activity (Figure 1). Therefore, it can be concluded that beside phenolic compounds, hazelnut contains some
components having high antioxidant activity. Similarly, it has been shown that although the total amounts of phenolic
compounds in Turkish hazelnut were lower than those in hazelnut from North America (Oregon), Turkish hazelnut
had greater antioxidant capacity (Li and Parry, 2011). In contrast, Arcan and Yemenicioglu (2009) reported a positive
correlation between the total phenolic content and antioxidant activity in some hazelnut samples. It can be concluded
that relationship between antioxidant capacity and total phenolic in hazelnuts may vary depending on their origin.

0,60

% * ok % koK

© 0,50

.8

B 0,40

-

£ 030

£E

5 ?'; 0,20

=

3 0,10
.2

g 0,00
| Defatted Hazelnut Kernels Hazelnut Kernels
m Azerbaijan m Chile m [taly m Turkey

Figure 2. Total phenolic content hazelnut kernel and defatted hazelnut kernel. The data are reported as mean
+ standard deviation; n=3. ***p < 0.001 compared to defatted hazelnut kernels from Turkey.
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Conclusion

A comprehensive investigation of chemical composition, total phenolic contents and antioxidant capacity of
hazelnut from 4 different countries was performed for the first time in this study. The amount of ash, protein content,
oil yield, fatty acid composition and iodine value in this study clearly indicated that the geographical origin affects the
chemical composition of hazelnut kernels. The whole hazelnut kernels, defatted hazelnut kernels and oil of hazelnut
kernels were separately tested for total phenolic contents and antioxidant activity. Total antioxidant activity and
phenolic contents varied also depending on growing conditions of hazelnuts. Further experiments are required to
determine the antioxidative active compounds which are responsible for differences between the antioxidant activities
of hazelnut samples from different countries.
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A Preliminary Study on The Chemical Structure of Vicia sativa L. Accessions Collected
From Natural Flora of European Part of Turkey
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Abstract

The objective of this study was to determine chemical composition of 24 common vetch (Vicia sativa L.)
accessions, collected from natural flora in European part of Turkey. The field experiment was carried out in the
2015-2016 growing season at field experimental area of Tekirdag Namik Kemal University, Agricultural
Faculty, Field Crops Department in Tekirdag/Turkey. In this study, chemical structure (nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe), and manganese (Mn)
content) of common vetch accessions were determined on hay. Chemical composition content was statistically
significantly different (P<0.01) between accessions. According to the results obtained from field experiments, N,
P, K, Ca, Mg, Cu, Zn, Fe, and Mn content of common vetch accessions varied between 0.95-3.14 %, 0.84-3.65
%, 0.22-2.44 %, 0.89-2.85 %, 0.23-0.74 %, 0.15-7.80 ppm, 0.10-5.30 ppm, 43.00-2295.20 ppm, 3.08-17.50
ppm, respectively. A wide variation was observed among common vetch accessions used in the study for N, P,
K, Ca, Mg, Cu, Zn, Fe, and Mn content. Tetany and Ca/P rates of accessions changed from 0.13 - 1.54 and 0.28 -
2.19, respectively. The tetany and Ca/P rates of common vetch accessions are within suitable values for animal
feeding. Ca/P ratio is above the limit value only in accessions 15-2 and 14004. According to the correlation
analysis, N was positively and significantly correlated with P, K, Mg, Cu and Fe. Similarly, P was positively and
significantly correlated with N, K and Fe. Magnesium was positively and significantly correlated with N, Ca, Cu,
Fe and Mn. Iron was positively and significantly correlated with N, P, Ca, Mg and Cu. As a result, accession
15K 17 and 33 were identified as common vetch accessions with high mineral nutrition content.
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Oz

Bu arastirmada, Tiirkiye’nin Avrupa bdliimiinden toplanan 24 yaygin fig (Vicia sativa L.) aksesyonunun
kimyasal kompozisyonun belirlemesi amaclanmigstir. Tarla denemesi, Tiirkiye’nin Tekirdag ilinde Tekirdag
Namik Kemal Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Bolimii, Arastirma ve Deneme Alani’nda 2015-2016
yetistirme doneminde yiirlitiilmiistiir. Bu arastirmada yaygin fig aksesyonlarinin kimyasal kompozisyonlar (azot
(N), fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg), bakir (Cu), ¢inko (Zn), demir (Fe), mangan
(Mn) igerikleri) kuru ot iizerinden belirlenmistir. Kimyasal kompozisyon igerikleri aksesyonlar arasinda
istatistiki olarak 6nemli derecede farkli bulunmustur (P<0.01). Tarla ¢alismasindan elde edilen sonuglara gore, N,
P, K, Ca, Mg, Cu, Zn, Fe, ve Mn igerikleri sirasiyla 0.95-3.14 %, 0.84-3.65 %, 0.22-2.44 %, 0.89-2.85 %,
0.23-0.74 %, 0.15-7.80 ppm, 0.10-5.30 ppm, 43.00-2295.20 ppm, 3.08-17.50 ppm, arasinda degismistir.
Calismada kullanilan yaygin fig aksesyonlarinda N, P, K, Ca, Mg, Cu, Zn, Fe, ve Mn icerikleri bakimindan genis
bir varyasyon belirlenmistir. Tetani ve Ca/P oranlar sirastyla 0.13 — 1.54 ve 0.28 — 2.19 arasinda degismistir.
Yaygn fig aksesyonlarinin tetani ve Ca/P oranlar1 hayvan besleme igin elverisli degerlerdedir. Sadece 15-2 ve
14004 nolu aksesyonlarda Ca/P orani limit degerler {lizerindedir. Korelasyon analizi sonuglarina gére, N icerigi
P, K, Mg, Cu ve Fe igerigi ile pozitif ve 6nemli korelasyon gdstermistir. Benzer olarak, P igerigi, N, K ve Fe
icerikleri ile pozitif ve 6nemli iliskiye sahip olmustur. Mg igerigi N, Ca, Cu, Fe ve Mn igerikleri ile pozitif ve
onemli iligkilidir. Fe igerigi N, P, Ca, Mg ve Cu igerikleri ile pozitif ve dnemli korelasyon géstermistir. Sonug
olarak, 15K17 ve 33 nolu aksesyonlar yiiksek mineral besin icerigine sahip yaygin fig aksesyonlar1 olarak tespit
edilmistir.

Anahtar Kelimeler: Vicia sativa L., Azot, Fosfor, Mikro besin elementleri, Tetani
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1. Introduction

Thrace region is located on European part of Turkey between 26-29 East longitudes and 40-42 North
latitudes. Tekirdag, Kirklareli, Edirne entirely and European sides of Canakkale and Istanbul provinces are
located in Thrace region. The region is mostly characterized as a dry farming region; most of the crops were
growing without irrigation like wheat and sunflower. Moderate hot and humid during summer with an average
July temperate of 22.4 °C. The winters are damp cloudy and wild. The average temperate is 3.9 °C with frosts and
some snow. Long year (30 years) average Thrace region has annual rain for of 548 mm most of which false in
late fall and winter. European part of Turkey is characterized by clay soils with varying percentages of loam,
clay and sandy, the organic matter is low around the region because of intensive agricultural practices. Istranca
Mountains are located along Thrace region in North West - South East direction from Bulgaria frontier to
Istanbul. Thrace region is not high. It is average altitude approximately 180 meters. There are mainly two well-
known mountain series. Istranca Mountain series located in the North of the region and Ganos Mountain series
are located in the South. Also, the region has an important potential in regional agriculture production. The main
source of income for Tekirdag, Edirne and Kirklareli population is agricultural production. Flora of Thrace
region has provided the raw material for plant breeding especially. The rich plant genetic resources of the region
have been negatively affected by intense agriculture and over grazing of natural pasture and meadows. Turkey is
the center of many temperate legumes species (Maxted et al., 1991). The genus Vicia L. comprises
approximately 190 species in the world and 64 species in Turkey (Erik and Tarikahya, 2004; ILDIS, 1999; Giir
and Tuna, 2016). This genus is primarily located in the Mediterranean regions (Kupicha, 1981). The genus Vicia
has long been a subject of active research because it contains several species of economic importance, e.g., V.
faba, V. sativa, V. narbonensis, V. ervilla, and V. villosa, many of which have been domesticated since the origin
of agriculture (Gil and Cubero, 1993). Some vetch species currently use widely in agricultural systems of them.
Of the numerous Vicia species, it is common vetch (V. sativa L.), Hungarian vetch (V. pannonica Crantz),
Narbon vetch (V. narbonensis L.), and hairy vetch (V. villosa Roth) are the most important in Turkey. Common
vetch seems most likely to have originated from southern Europe or South-west Asia (Maxted, 1995). In some of
the Mediterranean countries, it is one of the most prominent types within the agriculture system. Common vetch
is an important legume cultivated for feed grain and forage in the Mediterranean and Central Asia regions
(Samarah and Ereifej, 2009). It is an annual legume, which is cultivated under rain fed conditions in the semi-
arid regions of Turkey. The common vetch is a highly variable and polymorphic species containing both
indigenous weeds and cultivated forms. It represents a wide range of morphological variation, which has caused
considerable taxonomic uncertainty.

Vetches are legumes well adapted to winter growth in the Mediterranean environments throughout the world
on a variety purposes such as dry matter, silage, grain feed and green manure (Acikgoz, 2001; Sezmis and Macit,
2018). In the extensive Mediterranean production systems, fibrous feeds, particularly cereal straws and stubbles,
are the most important diet ingredients for ruminants. Although quantitatively less important, legume straws can
represent a valuable feed resource during summer for those animals having access to the site of grains threshing
(Bruno-Soares et al., 2000). For quality feed, the plant must contain mineral substances at a certain level. In
addition to the presence of mineral substances in the hay, its proportions are also important in terms of feed
value (Yiicel et al., 2014). Concentrations of most mineral nutrients showed a decreasing trend with advancing
maturity. Maximum accumulation of N, P, Cu, and Zn was reached at the end of the period of rapid seed growth
(Caballero et al., 1996). A mineral deficiency or excess in diet may affect the health of animals adversely.
Tetany, an important disease of livestock, is caused by mineral imbalance in feeds (Turk et al., 2009). Grass
tetany is characterized by low blood Mg in livestock resulting from low Mg content of feed or reduced
absorption of Mg. Forages containing less than 0.20 % Mg and a “tetany ratio” [K/(Ca + Mg)] greater than 2.2
have higher risk of inducing grass tetany (Crawford et al., 1998). Grass tetany has occurred in ruminants grazing
nearly all major cool-season grasses. Legumes generally contain higher concentrations of Ca and Mg and lower
concentrations of K than do grasses. Therefore, the use of grass-legume mixtures rather than pure grass swards
has been a recommended practice in some grass tetany areas (Mayland et al., 1990).

The aim of this study was to determine chemical structures of some accessions of Vicia sativa L. collected
from natural area in European part of Turkey.
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2. Materials and Methods

2.1 Material

Common vetch (Vicia sativa L.) accessions were collected from European part of Turkey between March and
July months in 2014 and 2015 years (Table 1).

Table 1. Collected site informations of common vetch (Vicia sativa L.) accessions

No Location Latitude Longitude Altitude
3-1,3-2 Tekirdag (Kumbag district) N 40°51'11.82" E 27°27'12.96" 126
4-1 Tekirdag (Kumbag district) N 40°51'3.84" E 27°26'14.76" 126
6-5 Tekirdag (Marmara Ereglisi) N 40°59'34.92" E 27°57'14.10" 9
7-1,7-3 Tekirdag (Marmara Ereglisi) N 41°2'7.08" E 27°57'12.84" 25
10-6,10-7 Catalca N 41°923.64" E 28°27'16.38" 61
15-2, 15-5, 15-6, Catalca N 41°21'11.52" E 28°27'13.80" 136
17-6 Tekirdag (Koseilyas Village) N 41° 0'7.74" E 27°3322.50" 83
33 Sarkoy N 40°41'35.76" E 27°1729.70" 11
98-1 Malkara (Halic Village) N 40°52'6.60" E 26°46'37.40" 276
111-1 Gelibolu N 40°17'54.90" E 26°16'43.90" 14
116-1 Kirklareli (Organized industrial) N 41°41'38.80" E 27°19'20.20" 200
14N64 Edirne (Yenicekoy Village) N 41°20'05.25" E 26°44'18.49" 70
14003, 14004  Edirne (Trakya University) N 41°38'50.33" E 26°37'03.88" 67
14Y462 Edirne (Uzunkopru-Kircasalih) N 41°23'21.08" E 26°47'96.39" 104
15K17 Kirklareli (Kocahidir Village) N 41°39'180" E 26°54'429" 139
15K48 Kirklareli (Sergen Village) N 41°43'46.00" E 27°38'34.10" 139
15101 Gelibolu (Ilgardere Village) N 40°16'559" E 26°29'062" 9

Collection sites were chosen to maximize the diversity of Vicia sp. sampled. At each site detailed passport
data was recorded, both for the site and for each common vetch sampled. The taxonomic keys used during the
mission were described by Maxted (1995), Davis and Plintman (1970) and Zohary and Heller (1984). A
complete list of the locations of collected common vetch accessions is shown in Table 1.

2.2. Experimental design

The field experiment was carried out in the 2015-2016 growing season at field experimental area of Tekirdag
Namik Kemal University, Agricultural Faculty, Field Crops Department in Tekirdag/Turkey (N 40° 59' 25.1", E 27°
34' 50.2", 15 m). Long-term average temperature, total rainfall and relative humidity were 11.7 °C, 529.7 mm and
80 %, respectively during growing period in Tekirdag (Table 2).

Table 2. Climatic data of October 2015 — June 2016 period and long-term average (1960 -2016)

Mean temperature (°C) Total precipitation (mm) Relative humidity (%)
2015-2016 Long 2015-2016 Long 2015-2016 Long
Months year term Year term Year Term
October 16.4 15.7 83.7 90.0 80.1 80.5
November 13.8 11.3 48.5 62.5 80.7 84.0
December 7.3 7.2 0.7 82.5 79.9 83.6
January 5.6 5.2 70.7 62.1 80.0 84.0
February 9.7 5.7 68.4 64.9 85.5 81.4
March 10.4 8.0 30.6 574 80.3 80.7
April 15.6 12.2 22.9 41.5 72.2 78.2
May 17.9 17.6 28.1 33.8 74.4 75.1
June 23.6 22.2 35.0 35.0 72.2 72.6
Total 388.6 529.7
Average 13.37 11.7 78.4 80.0
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Total rainfall of experiment year was lower than that of long years with 388.6 mm. Therefore, average
temperature in 2015-2016 was 13.37 °C. This temperature over 1.67 °C from long-term average temperature.
Relative humidity was 78.4 %. During the experiment period, the climate was hot and dry from the long-term
average.

Soil test values of 0-20 and 20-40 cm soil levels at experimental field determined a pH of 6.25-6.52, 0.01-
0.01 % lime, 1.6-1.5 ppm P20s, 429-386 ppm Mg, 27-25 ppm Fe, 25-20 ppm Mn, 0.32-0.41 ppm Zn and 1.08-
1.11 % organic matter, respectively (Table 3). This analysis results shows soil of experimental field slightly
acidic and low organic matter levels.

Table 3. Soil analysis of experimental area at Tekirdag, Turkey

Soil characteristics 0-20 cm 20-40 cm
Saturation with water (%) 40 41
pH 6.25 6.52
Lime (%) 0.01 0.01
Phosphorus (1.39-3.26) (ppm) 1.6 1.5
Calcium (1150-3500) (ppm) 2807 2406
Magnesium (160-480) (ppm) 429 386
Potassium (140-370) (ppm) 169 164
Iron (2-4.5) (ppm) 2.7 2.5
Manganese (14-50) (ppm) 25 20
Zinc (0.7-2.4) (ppm) 0.32 0.41
Organic matter (%) 1.08 1.11

Sowing was made by hand on 3 November 2015. Twenty seeds of each genotypes were sown into a single
row (5 m) at 0.5 m intervals. The experiment was fertilized using 80 kg/ha P>Os prior to saving and conducted
under rain fed condition. Weeds were handling removed. Plants were harvested at 50 % flowering time. Fresh
sample was taken from the harvested material, dried in the shade. Samples taken from dried plants were ground
in a grinder. To determine the chemical content of the herb in ground samples, nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe), and manganese (Mn) analyzes
were done. In wet-burned samples, Kjeldahl method were were used for N content (Akyildiz, 1984). Phosphorus
analysis was determined according to vanadomolibdofosforik yellow color method (Akyildiz, 1984). Iron,
copper, zinc, manganese, calcium, potassium and magnesium were analyzed with ICP-OES device (Allen et al.,
1998). Tetany ratios (K/Ca + Mg) were calculated as Cherney et al. (2002).

2.3. Statistical analysis

Data were analysed using by SPSS for Windows V. 18. An analysis of variance was carried out according to
Ramdomly Complete Block experimental design. Significant differences among the mean values were compared by
TUKEY test (P<0.01).

3. Results and Discussion

3.1. Chemical structure, tetany and Ca/P rates of Vicia sativa L. accessions

Results of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), zinc
(Zn), iron (Fe), manganese (Mn) contents, tetany and Ca/P rates of common vetch accessions presented in Table
4 and Table 5.

Nitrogen, phosphorus, potassium, calcium, magnesium, copper, zinc, iron and manganese contents of
common vetch accessions showed significant differences (P<0.01). Similarly, tetany and Ca/P ratios were also
determined to be statistically significant (P<0.01).

Protein is an important nutrient supplied by forages. Understanding what protein analysis tells about the
quantity and quality of the protein in the forage is important. The crude protein value includes true protein and
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non-protein N compounds (Schroerder, 2018). Therefore, the N content of the forage crop is important. Nitrogen
content of common vetch accessions ranged from 0.95 to 3.14 % (Table 4). The highest N content was
determined as 3.14 % in accession 15K17. This accession was followed by accessions 3-2, 7-1, 15-6 and 15K48
with 3.00, 2.62, 2.57 and 2.57 % N content, respectively. Since the high N content increases the protein ratio,
these accessions with high N content can be selected for common vetch breeding studies. The lowest N content
was obtained at 0.95 % with accession 15-2 and 15-5. N content of common vetch was determined as 3.57 % by
Cabellero et al., (1996), and between 2.12 — 2.88 % by Celen et al. (2005). The results of Cabellero et al. (1996)
are higher than our findings. Therefore, determined N values by Celen et al. (2005) is consistent with our
findings.

Table 4. Chemical structure (N, Cu, Zn, Fe, Mn) of Vicia sativa L. accessions

Nitrogen Copper Zinc Iron Manganese

Access. N) (Cu) (Zn) (Fe) (Mn)
No (%) (ppm) (ppm) (ppm) (ppm)
3-1 1.52 cde 1.44 cd 1.82 b-e 219.60 fgh 16.80 ab
3-2 3.00 ab 7.50 a 0.71 d-g 414.91 fgh 991 a-g
4-1 1.24 cde 0.61 cd 0.10 g 373.40 fgh 6.33 efg
6-5 1.15 cde 0.62 cd 0.82 c-g 349.40 fgh 9.86 a-g
7-1 2.62 abc 1.44 cd 0.36 fg 1619.00 a-d 7.78 c-g
7-3 1.71 a-e 1.76 cd 1.34 b-f 71.00 h 16.02 abc
10-6 241 a-e 1.96 cd 1.64 b-e 1108.40 b-f 13.74 a-e
10-7 1.62 b-e 0.33 cd 0.35 fg 190.30 gh 7.02 d-g
15-2 095e 0.80 cd 1.71 b-e 430.70 fgh 6.10 efg
15-5 095e 0.42 cd 0.68 d-g 774.40 d-h 5.72 efg
15-6 2.57 a-d 4.75b 2.02 be 914.36 d-h 10.08 a-g
15-13 2.12 a-e 0.94 cd 1.48 b-f 735.60 d-h 9.87 a-g
17-6 1.22 cde 1.37 cd 1.51 b-f 570.15 e-h 933 a-g
33 1.57 b-e 2.20c¢ 1.34 b-f 1988.50 ab 15.00 a-d
98-1 1.05¢ 2.14 cd 1.88 bed 48.40 h 17.50 a
111-1 1.66 a-e 1.12 cd 1.52 b-f 1900.20 abc 11.94 a-f
116-1 2.05 a-e 0.15d 1.87 bed 519.50 e-h 4.84 fg
14N64 2.16 a-e 1.77 cd 2.16 b 918.60 d-h 11.31 a-g
14003 1.71 a-e 0.60 cd 530a 529.90 e-h 8.54 b-g
14004 1.14 de 2.18 ¢ 2.24b 43.00 h 16.38 ab
14Y46 1.88 a-e 0.46 cd 1.14 b-g 1008.60 c-g 3.08¢g
15K17 3.14a 7.80 a 1.07 b-g 229520 a 7.82 c-g
15K48 2.57 a-d 1.56 cd 0.92 c-g 1043.00 c-g 11.96 a-f
15101 1.62 b-e 1.86 cd 0.62 efg 1411.67 a-e 11.23 a-g
MSE 0.150 0.273 0.104 55362.239 4.828

Means bearing by same letter in column were not significantly different at the P<0.01 level
MSE: Mean Squared Error
Copper (Cu) is an essential micronutrient for higher plant growth and metabolism. However, its high
bioavailability in soils make it a potentially toxic substance causing inhibition of growth and oxidative injuries
(Souguir et al., 2008). Copper content of common vetch accessions varied between 0.15 and 7.80 ppm (Table 4).
Copper content was obtained as the highest on accession 15K17 with 7.80 ppm among all accessions. This
accession was followed by accessions 3-2 with 7.50 ppm Cu content. These two accessions differ significantly
from the other accessions due to their Cu value which is quite higher than the other accessions. Caballero et al.,
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(1996) determined the Cu content of common vetch as 7.3 ppm. This data is similar to the Cu content values of
these two accessions. The lowest Cu content was found on accession 116-1 with 0.15 ppm. It is seen that there is
a huge variation between the copper content of vetch accessions. Similarly, MacPhersson (2000) reported that
there are differences between genotypes in terms of Cu concentration in subterraneum clover (7rifolium
subterraneum L.) and some temperate grasses as perennial ryegrass (Lolium perenne L.) and orchard grass
(Dactylis glomerata L.).

Zinc (Zn) content of common vetch accessions varied between 0.10 and 5.30 ppm (7able 4). The highest Zn
content determined on accession 14003 (5.30 ppm). The lowest Zn content was on accession 4-1 (0.10 ppm).
Caballero et al., (1996) determined the Zn content of common vetch as 30.2 ppm.

Iron (Fe) is naturally well supplied by forages, and deficiencies of the element in grazing livestock are
unlikely to occur normally but may result from blood loss due to heavy parasitic infestation or some other cause
of haemorrhage. Legumes would generally contain more Fe than grasses (MacPherson, 2000). Iron content of
common vetch accessions varied between 43.00 and 2295.20 ppm (7able 4). There is a high variation in Fe
values of common vetch populations. The highest Fe content was determined as 2295.20 ppm in accession
15K 17. This accession was followed by accessions 33 with 1988.50 ppm Fe content. The lowest Fe content was
determined at 43.00 ppm with accession 14004. Caballero et al. (1996) determined the Fe content of common
vetch as 240 ppm.

Manganese (Mn) content of common vetch accessions varied between 3.08 and 17.50 ppm (7able 4). The
highest Mn content was determined as 17.50 ppm in accession 98-1. This accession was followed by accessions
3-1, 14004, 7-3 and 33. The lowest Mn content was determined at accession 14Y46 with 3.08 ppm. Caballero et
al., (1996) determined the Mn content of common vetch as 50.3 ppm.

Phosphorus (P), a required nutrient for all livestock, has numerous essential physiological functions in the
body that include energy transfer (ATP), structure of bone, teeth, and membranes, and buffering pH changes in
the rumen (Satter et al., 2005). Phosphorus content of common vetch accessions varied between 0.84 and 3.65 %
(Table 5). The accession 7-1 was the highest P content among the accessions, with 3.65 %. This accession was
followed by accessions 16-1, 15K17 and 10-7. The lowest P content was determined at accession 14004, with
0.84 %. Phosphorus contents of V. sativa L. subsp. sativa and V. sativa L. subsp. nigra that collected from
rangelands and farmlands in Iran were 0.087 % and 0.084 %, respectively (Badrzadeh et al., 2008). In the study
conducted with a mixture of vetch and cereal under Erzurum conditions, the average values of P of pure vetch
were determined as 0.203 % (Tan and Serin, 1996). P content of common vetch was determined as 0.50 - 0.61 %
by Egritas and Onal Asci (2015) and as 0.34 % by Caballero et al., (1996). These findings are lower than our
data. These different findings may be due to the availability of phosphorus in the trial soils. However, there are
also significant differences between populations in our trial. In this respect, its effect on genotypic characteristics
should be considered.

Potassium (K) is essential for rumen microorganisms. The single most consistent effect of suboptimal K in
the ration of ruminants is decreased feed intake (Armstrong, 1998). K content of common vetch accessions
ranged from 0.22 to 2.44 % (Table 5). Potassium content was obtained as the highest on accession 6-5 with 2.44 %
among all accessions. The lowest K content was found on accession 111-1 with 0.22 %. Badrzadeh et al., (2008)
also reports potassium contents of V. sativa L. subsp. sativa and V. sativa L. subsp. nigra were 1.35 % and
1.34 %, respectively which is consistent with our results. Tan and Serin (1996) were determined as 3.54 % K
which is higher than our results. Potassium content of common vetch was determined by Egritas and Onal Asci
(2015) as 1.29 — 1.43 % and Caballero et al. (1996) as 2.35 %. These results are similar to our findings.

Calcium (Ca) content of common vetch accessions varied between 0.89 and 2.85 % (Table 5). The highest Ca
content determined on accession 33 (2.85 %). The lowest Ca content was on accession 15K48, with 0.89 %.
Calcium content of V. sativa L. subsp. sativa and V. sativa L. subsp. nigra was 1.38 % (Badrzadeh et al., 2008).
Cabellero et al., (1996) determined the Ca content of common vetch as 1.35 %. These results are within the
limits of calcium content determined in this research. In another study, Tan and Serin (1996) found similar
results (1.61 %), which are within the values we determined. Higher data than our finding were determined by
Egritas and Onal Asci (2015) as 4.45 % and Celen et al. (2005) as 4.55-6.78 %.
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Magnesium (Mg) is important that cows consume adequate quantities of dietary Mg to meet requirements for
specific productive processes or functions. Blood Mg levels in cows normally range from 1.8 to 2.0 mg/dl and
values near or slightly higher than 1.0 mg/dl reflect Mg deficiency (Mayland et al., 1990). At the same time, the
high Mg content also reduces the tetany rate. For this reason, the Mg ratio in the forage crops is important.
Magnesium content of common vetch accessions varied between 0.23 and 0.74 % in this research (Table 5). The
accession 33 was the highest Mg content among the accessions, with 0.74 %. The lowest Mg content was
determined at accession 4-1, with 0.23 %. Tan and Serin (1996) were determined as 0.35 % Mg for common
vetch under Erzurum conditions. Magnesium content of common vetch was determined by Egritas and Onal
Asc1 (2015) as 0.46 — 0.51 % and as 0.37 % (Caballero et al., 1996). These results are similar to our findings.

Table 5. Chemical structure (P, K, Ca, Mg,), Tetany and Ca/P ratio of Vicia sativa L. accessions

Phosphorus  Potassium  Calcium Magnesium Tetany

Access. P) (K (Ca) (Mg) (K/Ca+Mg) Ca/P
No (%) (%) (%) (%)

3-1 2.56 a-g 1.53 b-e 1.58 b-g 0.39 bed 0.78 b-f 0.62 be
32 2.14 b-h 1.59 b-e 1.54 b-g 0.47 bed 0.80 b-f 0.75 be
4-1 3.05a-d 1.79 a-d 0.95 fgh 0.23d 1.54a 031c¢
6-5 1.42 f-i 244 a 1.58 b-g 0.39 bed 1.26 ab 1.15 abc
7-1 3.65a 1.86 abc 1.61 b-f 0.54 ab 0.86 b-e 0.44 c
7-3 2.04 c-i 1.85 abc 1.83 b-e 0.48 be 0.80 b-h 0.90 abc
10-6 1.96 d-i 1.67 b-e 0.94 gh 0.46 bed 1.24 ab 0.48 ¢
10-7 3.22 abc 1.65 b-e 1.12 fgh 0.35 bed 1.13 a-d 0.35¢
15-2 0.94 hi 1.31 cde 1.86 bed 0.28 cd 0.61 d-g 2.02 ab
15-5 1.34 ghi 1.04 ¢ 1.19 e-h 0.37 bed 0.67 c-g 0.89 abc
15-6 2.85 a-e 1.29 cde 2.07 be 0.42 bed 0.52 efg 0.73 be
15-13 249 a-g 1.58 b-e 1.19 e-h 0.39 bed 1.00 a-e 0.49 ¢
17-6 1.46 f-i 1.62 b-e 1.59 b-g 0.38 bed 0.88 b-e 1.30 abc
33 2.94 a-d 1.05¢ 2.85a 0.74 a 0.29 fg 0.97abc
98-1 1.64 e-i 1.18 cde 1.01 fgh 0.34 bed 0.88 b-e 0.62 be
111-1 1.44 f-i 022f 1.40 d-h 0.30 bed 0.13 ¢ 0.99 abc
116-1 3.6la 1.66 b-e 1.00 fgh 0.32 bed 1.26 ab 0.28 ¢
14N64 1.38 f-i 1.61 b-e 1.85b-¢ 0.45 bed 0.69 b-f 1.94 ab
14003 2.29b-g 1.14 de 1.49 c-h 0.39 bed 0.62 d-g 0.65 be
14004 0.841i 1.14 de 1.84 b-e 0.54 ab 0.48 efg 2.19a
14Y46 2.15b-h 1.49 b-e 1.89 bed 0.47 bed 0.63 d-g 0.98 abc
15K17 335ab 2.04 ab 1.34 d-h 0.46 bed 1.14 a-d 0.40 ¢
15K48 2.86 a-¢ 1.51 b-e 0.89h 0.36 bed 1.20 abc 0.31c
15101 2.62 a-f 1.28 cde 2.21 ab 0.42 bed 0.49 efg 0.84 abc
MSE 0.108 0.032 0.030 0.004 0.246 0.152

Means bearing by same letter in column were not significantly different at the P<0.01 level
MSE: Mean Squared Error
Tetany, an important disease of livestock, is caused by mineral imbalance in feeds. The risk of tetany is
increased at a K: (CatMg) ratio of 2.2 or higher (Crawford et al., 1998). In this research, tetany rates of common
vetch accessions changed from 0.13 and 1.54 (Table 5). Tetany rates of accession 4-1 was the highest among the
accessions, with 1.54. This accession was followed by accessions 6-5, 116-1 and 10-6 with 1.26, 1.26, and 1.24,
respectively. The lowest tetany rates were determined at accession 111-1, with 0.13. Tetany rates of common
vetch accessions appear to be below the critical level. Tetany rate of all common vetch was determined as 0.20-
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0.32 by Celen et al., (2005) and as 0.26-0.29 by Egritas and Onal Asc1 (2015). Although these results are within
the limits of our findings, they are well below the highest value of 1.54 (accession 4-1) in our data.

In general, a calcium/phosphorus (Ca/P) ratio of 2:1 is recommended. When it is higher than this rate, it
causes milk fever in animals (Egritas and Onal Asci, 2015). Calcium/phosphorus ratio of common vetch
accessions varied between 0.28 and 2.19 (Table 5). Calcium/phosphorus ratio of accession 14004 was the
highest among the accessions, with 2.19. This accession was followed by accessions 15-2 and 14N64 with 2.02
and 1.94, respectively. The lowest Ca/P ratio was determined at accession 116-1, with 0.28.
Calcium/phosphorus ratios of common vetch accessions are generally at a favorable level. But accession 15-2
and 14004 are at risk limits with a ratio above 2. Calcium/phosphorus ratio of common vetch was determined as
7.26-8.80 by Egritas and Onal Asci (2015). The results of these researchers are much higher than our data.

3.2. Correlation of chemical contents of common vetch.

The correlation coefficients among the chemical contents (N, P, K, Ca, Mg, Cu, Zn, Fe and Mn) of common vetch
are presented in Table 6.

According to the results of the correlation analysis, there are significant correlations among some chemical
contents of common vetch (Table 6).

Nitrogen was positively and significantly correlated with P (r = 0.562*%*), K (r = 0.283%*), Mg (r = 0.301%),
Cu (r = 0.519**) and Fe (r = 0.489**). However, it was negatively and significantly correlated with Mn (-
0.241%).

Table 6. Correlation coefficients (r) among the chemical contents of common vetch accessions

N P K Ca Mg Cu Zn Fe Mn
N 1.000
P 0.562**  1.000
K 0.283* 0.322%* 1.000

Ca 0.120 -0.115 -0.167  1.000
Mg 0.301* 0.137 0.052 0.589** 1.000
Cu 0.519**  0.121 0.132 0.141 0.249*  1.000

Zn  -0.092  -0.254*  -0297 0.129 0017  -0.077  1.000

Fe 0.489%*  0.353*F  -0.165 0.254*  0.374** 0.246* -0.183  1.000

Mn  -0.241* -0.312*%*  -0227 0215  0.256* 0.188  0.219  -0.202  1.000
* p<0.05, ** p<0.01

Phosphorus content of common vetch accessions was positively and significantly correlated with N (r =
0.562*%), K (r = 0.322**) and Fe (r = 0.353**). There was a negatively and significantly correlated with Zn (-
0.254*) and Mn (r = -0.312%%*),

Potassium was positively and significantly correlated with N (r = 0.283*) and P (r = 0.322*%*). Potassium
content was found to be positive and insignificantly correlated with Mg and Cu, while it was found to be
negative and insignificantly correlated with Ca, Zn, Fe and Mn. Similarly, Yiicel et al. (2014) determined a
significant and positive relationship between K and P, and an insignificant and negative relationship between K
and Ca.

Calcium was positively and significantly correlated with Mg (r = 0.589**) and Fe (r = 0.254%). Yiicel et al.
(2014) similarly determined a significant and positive relationship between Ca and Mg.

Magnesium was positively and significantly correlated with N (r = 0.301%*), Ca (r = 0.589*%*), Cu (r =
0.249%), Fe (r = 0.374**) and Mn (r = 0.256%*). There was a positively and non-significantly correlated with P (r
=0.137), K (r = 0.052) and Zn (r = 0.017). Yiicel et al. (2014) similarly determined an insignificant and positive
relationship between P and Mg.

Copper was positively and significantly correlated with N (r = 0.519%%), Mg (r = 0.249%) and Fe (r = 0.246%).

Zinc was non-significant correlated with all characters except P that was negatively and significantly
correlated with Zn (r = 0.254%).
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Iron was positively and significantly correlated with N (r = 0.489**), P (r = 0.353*%*), Ca (r = 0.254%), Mg (r
=0.374**) and Cu (r = 0.246%*).

Manganese was negatively and significantly correlated with N (r = -0.241%*) and P (r = -0.312*%*), while it
was positively and significantly correlated with Mg (r = 0.256%).

4. Conclusions

Nitrogen, phosphorus, potassium, calcium, magnesium, copper, zinc, iron and manganese contents of
common vetch accessions showed significant differences (P<0.01). N, P, K, Ca, Mg, Cu, Zn, Fe, and Mn content
of common vetch accessions varied between 0.95 — 3.14 %, 0.84 — 3.65 %, 0.22 —2.44 %, 0.89 —2.85 %, 0.23 —
0.74 %, 0.15 — 7.80 ppm, 0.10 — 5.30 ppm, 43.00 — 2295.20 ppm, 3.08 — 17.50 ppm, respectively. There is a
huge variation in chemical structure among common vetch accessions.

Tetany and Ca/P ratios were determined to be statistically significant (P<0.01). Tetany rates of accessions
changed from 0.13 to 1.54. Calcium/phosphorus rates also varied between 0.28 and 2.19. The tetany and Ca/P
rates of common vetch accessions are within suitable values for animal feeding. Calcium/phosphorus ratio is
above the limit value only in accession 15-2 and 14004.

According to the results of the correlation analysis, there are significant correlations among some chemical
contents of common vetch. Nitrogen was positively and significantly correlated with P, K, Mg, Cu and Fe.
Phosphorus was positively and significantly correlated with N, K and Fe. Calcium was positively and
significantly correlated with Mg and Fe.

As a result of in this study, accession 15K 17 (high N, Cu, Fe, P and K content) and 33 (high Fe, Mn, Ca and
Mg content) were identified as common vetch accessions with high mineral nutrition content.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Bor ve Cinko icerikli Yaprak Giibresi Uygulamalarimin ‘0900 Ziraat’ Kiraz (Prunus
avium L.) Cesidinin Yaprak Besin Elementi Icerigi Uzerine Etkisi

The Effect of Boron and Zinc Containing Foliar Fertilizer Applications on Leaf Mineral
Content of '0900 Ziraat' Cherry (Prunus avium L.) Cultivar

Ali IKINCI", Siikkran ALDANMAZ?

Oz

Bu arastirma, Prunus mahaleb L. anaci lizerine asil ‘0900 Ziraat’ kiraz gesidinde, bor ve ¢inko igerikli yaprak
giibrelerinin, yapraktaki bitki besin elementleri igerikleri {izerine etkilerini belirlemek amaciyla 2018 yilinda
Yesilli (Mardin) ilgesindeki iki ayri kiraz bahgesinde yiiriitiilmiistiir. Arastirmalarin yiiriitiildiigi her iki kapama
kiraz bahgesi topraginin hafif alkali karakterde, organik madde diizeyinin oldukga diisiik ve kireg igeriginin yiliksek
oldugu, buna karsilik fosfor, ¢inko ve bor elementleri yoniinden ise eksik diizeyde oldugu tespit edilmistir.
Calismada; kontrol (giibresiz), 100 L suya 150 cc Maxiftuit (1. uygulama), 150 cc Fertileader® Oris (2. uygulama)
ve 100 cc Fertileader® Oris + 50 cc Fertileader® Alpha (3. uygulama) olacak sekilde yaprak giibreleri ve
konsantrasyonlar1 yapraga piiskiirtme seklinde uygulanmistir. Yapraktan giibreleme uygulamalart tam
ciceklenmeden 15-30 giin ve tam cigeklenmeden 30-45 giin sonra olacak seklide iki farkli zamanda yapilmustir.
Arastirmada ‘0900 Ziraat’ kiraz cesidi yapraklarinda N, P, K, Ca, Mg, Fe, Cu, Zn, Mn, B bitki besin element
icerikleri tespit edilmis ve uygulanan yaprak giibrelerinin, ‘0900 Ziraat’ kiraz cesidine ait yaprak orneklerinde
incelenen makro ve mikro elementlerin igerigi lizerine etkisi istatistiksel olarak 6nemli bulunmustur. Yaprak
orneklerinde en yliksek N igerigi (%2.18), en yiiksek P icerigi (%0.34) ve en yiiksek K igerigi (%2.31) sirasiyla;
1. uygulamadan, kontrol uygulamasindan ve 2. uygulamadan edilmistir. En yiiksek Ca (%1.90), en yiiksek Mg
(%0.53), en yiiksek Fe (129.84 ppm), en yiiksek Cu (14.93 ppm), en yiiksek Zn (24.52 ppm), en yiiksek Mn (42.03
ppm) ve en yiiksek B igerikleri (40.61 ppm) ise 3. uygulamadan elde edilmistir. Arastirma sonuglarina gére yaprak
ve toprak analizi sonuglarina gore uygun giibreleme programini kullanarak nakliyeye dayanikli ve ihracata uygun
biiyiikliikte meyve elde etmelerinin, yore halki i¢in gelir getirici kiraz bahgelerine olan talebi artiracag: sdylenebilir.

Anahtar Kelimeler: Kiraz, 0900 Ziraat, Yaprak giibresi, Yaprak besin elementi igerigi, Makro ve mikro besin elementleri
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Abstract

This study was carried out in two different cherry orchards in Yesilli (Mardin) district in 2018 in order to determine
the effects of foliar fertilizers containing boron and zinc on the leaf nutrient content of ‘0900 Ziraat’ cherry cultivar
grafted on Prunus mahaleb L. rootstock. It was found that both cherry orchard soils in which research was
conducted had a slightly alkaline character, the level of organic matter was quite low and the content of lime was
high, while phosphorus, zinc and boron elements were deficient. In the study following mixtures and
concentrations in 100 liter of water: control (no added nutrients), Maxifruit at 150 cc (1* application), Fertileader®
Oris at 150 cc (2" application) and Fertileader® Oris at 100 cc + Fertilader® Alpha at 50 cc (3™ application) were
applied by foliar spraying. Two foliar applications were performed at two different timings between 15-30 days
and 30-45 days after full flowering. In the study N, P, K, Ca, Mg, Fe, Cu, Zn, Mn and B content of leaves of ‘0900
Ziraat’ cherry were analyzed and the effect of foliar fertilizers on macro and micro element content of ‘0900 Ziraat’
cherry leaves were found to be significant. The highest N (2.18%), the highest P (0.34%) and the highest K content
(2.31%) were obtained from the 1% application, control application and the 2" application, respectively. While the
highest Ca (1.90%), Mg (0.53%), Fe (129.84 ppm), Cu (14.93 ppm), Zn (24.52 ppm), Mn (42.03 ppm) and B
(40.61 ppm) contents were obtained from the foliar fertilizers used in the 3™ application. According to the results
it can be said that providing fruits resistance to transportation and meeting export-market standards in terms of
fruit size by applying the appropriate fertilization program based on the results of leaf and soil analysis will give
rise to the demand for income-generating cherry orchard for the local farmers.

Keywords: Sweet cherry, 0900 Ziraat, Leaf fertilizer, Leaf nutrient content, Macro and micro nutrients
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1. Giris

Bitkinin beslenmesini ve bitkinin beslenme durumunu etkileyen birgok faktdr vardir. Bu faktorler toprak, gevre
ve bitki faktorleri olarak {i¢ ana grupta toplanabilir. Toprak tekstiirii, toprak derinligi, pH, tuzluluk, katyon degisim
kapasitesi, CaCO3, organik madde ve mevcut besin konsantrasyonlar: toprak faktdrlerinden bazilaridir. Ayrica;
yagis, nem, sicaklik, 1siklanma siiresi vb. toprak verimliligi ve bitki beslenmesinde rol oynar (Nazli ve Erdal, 2019).
Bu faktorlerin yaninda, bir bitkinin besin alim yetenegi iizerinde bitki tiirii ve gesidi, bitkinin yasi, gelisim asamasi,
kok yapist ve diger genotipik 6zellikler 6nemli rol oynamaktadir.

Daha iyi bitki gelisimi, daha yiiksek verimli ve kaliteli {iriin elde etmek i¢in yiiriitiillen farkl caligmalarda cesit,
anag ve bitki beslenmesi arasinda yakin iliskiler oldugu saptanmistir. Yakin dénemlerde kiraz (Usenik ve Stampar,
2002; Usenik ve ark, 2005; Uysal ve Katkat, 2005; Kulu, 2006; Peker ve Erdal, 2006; Wojcik ve Wojcik, 2006;
Jiménez ve ark., 2007; Uysal ve Katkat, 2007; Okgce, 2009; Hrotké ve ark, 2014; Milosevi¢, ve ark, 2014; Gokoglan,
2017; Gergekcioglu ve ark, 2019), armut (Ikinci ve ark, 2014; Nazli ve Erdal, 2019) ve elma (Erdal ve ark., 2008)
tirlerine ait farkli gesitler lizerinde gergeklestirilmis olan degisik ¢alismalarda meyve verimi, meyve kalitesi,
meyve tutumu, meyvenin bazi pomolojik ve kimysal 6zellikleri ile 6zellikle yaprak besin elementi kapsami iizerine
anaclarin etkileri konularinda arastirmalar yiiriitiilmiistiir.

Meyve yetistiriciliginde kullanilan anaglar topraktan belirli besin elementlerini absorbe etme konusunda farkli
yeteneklere sahiptirler. Yapilan bir¢ok c¢aligmadan elde edilen sonuglar, anag genotipinin yaprak mineral besin
bilesimini etkileyebilecegi hipotezini desteklemektedir (Usenik ve ark., 2005). Yapraklardaki besin elementi
icerigi, anaglarin yani sira toprak pH'ina da baglhidir. Toprak pH degeri 6.5 ve iizerinde iken makro elementler (N,
P, Ca, S, Mg) topraktan daha iyi absorbe edilebilirken, yiiksek toprak pH’sinda Fe, Mn, B, Cu ve Zn'nin emilimi
zorlagmaktadir.

Bitkilerde B eksikligi daha ¢ok organik madde kapsaminin diisiik ve kaba tekstiire sahip topraklarda
goriilmektedir. Yeterli B diizeyine sahip olan bir toprakta aktif kire¢ oranin yiikselmesi, kuru veya ¢ok agir toprak
kosullar1 ve diisiik toprak oksijen diizeyi bitki tarafindan B alimmi engeller (Wojcik ve Wojcik, 2006). Bor
bitkilerde anter gelisimini, polen ¢cimlenmesini ve polen tiipii biiyiimesini etkileyen lireme siireglerinde anahtar bir
rol oynamaktadir. Bu nedenle, B noksanlig1 durumunda dollenmenin yetersiz olmasi, diisiik meyve tutumuna
neden olmaktadir (Wojcik ve Wojcik, 2006).

Topraklarda Zn noksanlig1 genelde yiiksek pH, kire¢ ve metal oksitlerle, diisiik organik maddeden ileri
gelmektedir. Yiiksek toprak pH’s1 Zn’nun bitkilerce almabilirligini azalmaktadir. Genellikle alkalin karakterde ve
kiregli topraklarda Zn eksikligi, notral ve hafif asidik topraklara gore daha fazladir (Ozkutlu ve ark., 2018).
Toprakta bulunan ¢inko zamanla ¢dziinmez bilesiklere donlismektedir. Cinkonun ¢éziinmez durumda baglanmasi
yiiksek pH’da artmaktadir. Buna karsilik, toprak asitlestikce ¢inko bilesiklerinin ¢oziiniirliigii de artmaktadir (Bolat
ve Kara, 2017).

Cinko, bitkilerde birgok fizyolojik, vejetatif ve generatif gelisim siireclerini etkileyen temel bir besin
elementidir (Marschner, 2012). Cinko elementi enzim aktivitesinde oynadig1 rol nedeniyle protein, karbonhidrat
ve oksin metabolizmalarinda ¢ok dnemli bir elementtir (Cakict ve Arslan, 2012). Cinko noksanliginda enzim
aktivitesinin azalmasina bagh olarak karbonhidrat, protein ve biiylime hormonlari (oksin) da zarar goriir.
Eksikliginde meyve sayisinda diisiis géze carpar. Cogu kere meyve iriliginde de kiigiilmeler gozlenir. Bitkilerin
klorofil igerikleri ¢inko noksanliginda olagan iistii azalir. Yaprak damarlar1 arasinda kloroz ortaya ¢ikar. Bitkilerde
yaprak olusumu olumsuz yonde etkilenir ve yapraklar seyreklesir. Siirgiinler 6liir ve yapraklar erken dokiiliir.
Tomurcuk sayisi azalir ve tomurcuklarin agilma orani diiser (Bolat ve Kara, 2017).

Bu caligmada; kireg icerigi yiiksek, organik madde orani diisiik ve bitki besin elementleri bakimindan fakir
toprak kosullarina sahip Mardin ili Yesilli ilgesindeki Prunus mahaleb L. anaci iizerine asili 0900 Ziraat kiraz
agaclar tizerine uygulanan bor ve ¢inko igerikli yaprak giibrelerinin, yaprak besin elementi icerigi lizerine etkileri
aragtirtlmigtir.

2. Materyal ve Metot

Bu calisma, 2018 yilinda Mardin ili Yesilli ilgesinde 2 ayri iireticiye ait ticari kiraz bahgelerinde
gerceklestirilmistir. Bahgelerin rakimi ortalama 980 m olup, arastirmanin yiiriitiildiigii Yesilli il¢esine ait iklim
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verileri Tablo 1’de verilmistir. Calismada bitki materyali olarak Prunus mahaleb L. anaci iizerine asil1, tam verim
caginda ve 7 x 6 m dikim mesafesinde dikilmis “0900 Ziraat” kiraz agacglari kullanilmistir. Bahgelerde, 0900 Ziraat
cesidi icin tozlayici gesit olarak Stark Gold g¢esidi kullanilmistir. Bahgelerdeki agaclar damlama sulama ile
sulanmaktadir. Deneme bahgelerinde gerekli kiiltiirel islemler, usuliine uygun sekilde yapilmistir. Denemeler,
tesadiif bloklar1 deneme desenine gore 3 tekerriirlii ve her tekerriirde 3 agag olacak sekilde planlanmustir.

0900 Ziraat kiraz ¢esidi kuvvetli ve yayvan gelisme gosterir. Geg ¢iceklenir. Meyve eti sert, genis elips seklinde,
gevrek, iri ve parlak koyu kirmizi renklidir. Meyveleri ¢atlamaya dayaniklidir. Sap1 ince uzundur. Cekirdegi iridir.
Kendine uyusmazlik gosterdigi igin tesisi yapilan kiraz bahgesinde tozlayici ¢esite ihtiyag duyar Tozlayici olarak Stark
Gold, Lambert, Bigarreau Gaucher, Merton Late gesitleri 6nerilmektedir (Sarisu ve ark., 2016).

Idris (Prunus mahaleb L.); iilkemizde mahlep ve enderes gibi isimlerle bilinen ve en fazla kullanilan anagtir. Bazi
tipleri yaprakl celikle gogaltilsa da genellikle tohumla ¢ogaltilir. Kiraz igin orta kuvvette bir anagtir. Kus kirazina agih
agagclara gore daha kiigiik yapili agaglar olustur ve bu anag lizerindeki agaglarin 6miirleri daha kisadir. Kiraz gesitleri
ile uyusmazliklar1 tam ve kismi uyusanlar yaninda, uyusmayan tipleri de vardir. Kireg icerigi yiiksek, kurak ve fakir
topraklara dayaniklihg: yiiksektir. Yar1 kazik kokliidiir ve sagak kok olusumu azdir. Idris anaglart Phythopthora spp.
ve Agrobacterium spp. kok ¢liriikliigiine ¢cok duyarl, Armillaria mellea, Verticillium spp ve kiraz govde ¢okiintii
hastaliklarina duyarlidir. idris, kok kanserine, kus kirazi anaglaridan daha dayanikhidir (Ozcagiran ve ark., 2005).

Tablo 1. Arastirmanin yiiriitiildiigii Yesilli ilcesine ait 2018 yili iklim verileri
Table 1. Climatic data of Yesilli district in the year 2018

iklim Elemanlar Mart Nisan Mayis Haziran Temmuz
Ortalama sicaklik (°C) 13.6 16.9 24.4 26.8 30.6
Maksimum sicaklik (°C) 23.9 29.1 333 42.1 433
Minimum sicaklik (°C) 2.9 5.7 8.9 14.1 17.6
Toplam yagis (mm) 11.4 313 183.8 27.2 0.7
Ortalama nispi nem (%) 58.9 46.6 60.5 35.2 25.1

Denemenin yiiriitiildiigli yilda, Mart-Temmuz doénemi itibariyle aylik ortalama sicaklik degerleri 13.6 °C ile
30.6 °C, aylik yagis miktar1 0.7 mm (Temmuz) ile 183.8 mm (Mayis) ve aylik ortalama nispi nem miktari ise %25.1
(Temmuz) ile %60.5 (Mayis) arasinda degisim gostermistir (Tablo 1).

Calismanin yiiriitildigii kiraz bahgelerinin toprak yapisini belirlemek amaciyla, deneme 6ncesinde 0 -30 cm
ve 30-60 cm derinliklerden toprak drnekleri alinarak (Jackson, 1967; Delice ve ark., 2012; Gergekcioglu ve ark.,
2019) toprakta bazi fiziksel ve kimyasal analizler yapilmistir. Alinan toprak 6rneklerinin makro ve mikro besin
elementi analizleri Antepfistigi Arastirma Enstitiisi Midiirliigii (Gaziantep) Toprak, Bitki ve Giibre Analiz
laboratuvarinda yaptirilmstir.

Calisma kapsaminda Timac Agro firmasina ait degisik icerikli yaprak giibreleri kullanilmistir. Kiraz
agaclarinin ¢igeklenme ve meyve tutumunun tesviki, meyve iriligi ve sayisinda artis, saglam ve esit biiyiikliikte
meyve eldesi igin Maxifruit (% 3 N, % 3.06 P, %5.81 K, % 0.05 Mn, % 0.10 Zn), B kaynag olarak Fertileader®
Alpha (%5 N, : % 5,68 P, % 2 B) ve Zn kaynag olarak Fertileader® Oris (%3 N, % 6.55 P, % 4.8 Zn) isimli ticari
yaprak giibreleri kullanilmistir. Calismada, kiraz agaclarina uygulanan ticari yaprak giibrelerinin uygulama zamani
ve uygulama konsantrasyonlar1 7ablo 2’de verilmistir. Uygulamalar 2018 yili bahar doneminde tam
ciceklenmeden 15-30 giin (25 Nisan 2018) ve tam ¢iceklenmeden 30-45 giin (18 Mayis 2018) sonra yapilmustir.
Kontrol grubu agaclara ise sadece yayici-yapistirici ilave edilmis su pliskiirtiilmiistiir.

Tablo 2. Yaprak giibrelerinin uygulama donemi ve icerigi
Table 2. Application timing and content of foliar fertilizers

Uygulamalar Tam ¢iceklenmeden 15-30 giin Tam ¢iceklenmeden 30-45 giin
sonra sonra
Kontrol Sadece su Sadece su
1. Uygulama Maxifruit (150 c¢c/100 L su) Maxifruit (150 c¢c/100 L su)
2. Uygulama Fertileader® Oris (150 cc/100 L su) Fertileader ® Oris (150 cc/100 L su)
Fertileader® Oris (100 cc/100 L su)
+ Fertileader ® Oris (100 cc/100 L su)
3. Uygulama Fertileader ® Alpha (50 cc/100 L su) +

Fertileader ® Alpha (50 cc/100 L su)
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Uygulamalarinin yapildig1 agaclarin dort farkli yoniinden ve omuz hizasindaki siirgiinlerin orta kisimlarindan,
Haziran aymin ilk haftasinda her tekerriir i¢in 50’ser yaprak 6rnegi alinmistir (Kacar ve Katkat, 2007). Alinan
ornekler 65 °C’de 48 saat siireyle etiivde kurumaya birakilmigtir. Kurutulan yaprak 6rnekleri polietilen posetlere
konularak, Antepfistigi Arastirma Enstitiisi Miidiirligii (Gaziantep) Toprak, Bitki ve Giibre Analiz
laboratuvarinda yaprak bitki besin elementleri analizleri yaptirilmustir.

Yaprak orneklerine ait sonuglar, Jones ve ark. (1991) tarafindan bildirilen siir degerleri (7ablo 3) ile
karsilagtirilarak yorumlanmustir.

Tablo 3. Kiraz icin bildirilen yaprak analiz sinir degerleri (Jones ve ark., 1991)
Table 3. Sufficiency levels of nutrients in leaf of sweet cherry trees (Jones et al., 1991)

Besin maddesi Noksan Yeterli Fazla
N (%) 1.80-1.99 2.00-3.00 >3.00
P (%) 0.08-0.15 0.16-1.50 >1.50
K (%) 1.50-2.49 2.50-3.00 >3.00
Ca (%) 1.00-1.99 2.00-3.00 >3.00
Mg (%) 0.20-0.29 0.30-0.80 >0.80
Fe (ppm) 60-99 100-250 > 250
Cu (ppm) 3.00-4.00 4.00-50.0 > 50

Zn (ppm) 15-19 20-50 > 50

Mn (ppm) 20-39 40-200 > 200
B (ppm) 18-19 20-100 > 100

2.1. Istatistiksel analizler

Elde edilen veriler "IMP® 8.0" (SAS Institute, Inc.) paket progranu ile varyans analizine tabi tutulmustur.
Ortalamalar arasindaki farkliliklar LSD testi (P<0.05) ile belirlenmistir.

3. Arastirma Sonuclari ve Tartisma

Aragtirma bahgelerinden farkli derinliklerinden alinan toprak drneklerinin baz fiziksel ve kimyasal analiz sonuglart
Tablo 4 ve Tablo 5°te verilmistir.

Tablo 4. Deneme yapilan kiraz bahcgelerine ait topraklarinin bazi fiziksel ve kimyasal ozellikleri
Table 4. Some physical and chemical propereties of experimental soils of cherry orchards

Bahcge No: Derinlik pH Tuz Kirec Tekstiir Organik
(cm) (%) (%) Sinifi Madde

I 0-30 8.05 0.02 13.33 Killi-tinl 1.10
30-60 8.05 0.02 16.70 Killi-tinl 0.52

I 0-30 8.05 0.02 17.56 Killi-tinl 1.50
30-60 8.05 0.02 18.89 Killi-tinl 1.11

Tablo 5. Deneme yapilan kiraz bahgelerine ait toprak érneklerinin bazi besin elementi icerikleri
Table 5. Some nutrient element content of experimental soils of cherry orchards

Bahge Derinlik N P K Ca Mg Fe Cu Zn Mn B
No: (cm) (%) (ppm) (ppm) (ppm) (Ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
I 0-30 0.055 5.45 256 5909 720.63 938 284 040 12.68 0.78
30-60  0.029 235 203 5295  759.68 979 278 030 1331 0.44
I 0-30 0.075  6.50 360 5594  743.59 10.88  3.81 0.53 1320 021
30-60  0.056 4.56 227 5526  840.11 1228 340 046 2421 0.14

Toprak drneklerine ait sonuglar genel olarak degerlendirildiginde; tuzluluk (Richards, 1954) sorununun olmadigi,
kireg, kalsiyum, magnezyum ve demir (Lindsay ve Norvell, 1978; FAO, 1990; Alpaslan ve ark., 1998) oranlarinin
fazla oldugu, organik maddece fakir (Alpaslan ve ark., 1998), potasyum ve bakir oranlarin yeterli (Lindsay ve Norvell,
1978; Alpaslan ve ark., 1998), fosfor, ¢inko ve bor (FAO, 1990; Eyiipoglu ve ark., 2000; Miller,1998) yoniinden
noksan, mangan yoniinden (FAO, 1990) az degerinin sinirinda oldugu anlasilmistir. Her iki kiraz bahgesine ait toprak
orneklerinin birbirine benzer 6zelliklere sahip oldugu belirlenmistir. Ayrica, bahge topraklarinin pH degerinin hafif
alkali (Alpaslan ve ark., 1998) reaksiyonda oldugu tespit edilmistir.
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3.1. Uygulanan yaprak giibrelerinin, kiraz yapraklarimin bazi makro besin elementi icerikleri iizerine etkileri

3.1.1. Azot (N)

0900 Ziraat kiraz gesidi agaclarma iki farkli dsnemde uygulanan bor ve ginko igerikli yaprak giibrelerinin, yaprak
azot (N) icerigi lizerine etkisi istatistiki bakimdan 6nemli bulunmustur (7ablo 6). En yiiksek azot icerigi % 2.18 ile
Maxiftuit yaprak giibresi uygulamasinda (1. uygulama), en diisiik azot igerigi ise %1.93 ile Fertileader® Oris yaprak
giibresi uygulamasinda (2. uygulama) tespit edilmistir. 7ablo 3’te kiraz i¢in bildirilen (Jones ve ark., 1991) yaprak
besin elementleri siir degerlerine gore kiraz agaci yapraklarinda % 2-3 arasmdaki N igeriginin yeterli oldugunu
bildirilmistir.

Jiménez ve ark. (2007), 7 degisik anag tizerine asili, kiregli ve killi-tinli toprakta yetistirilen 17 yash 'Stark Hardy
Giant' ve 'Van' kiraz gesitlerinin yaprak N igeriklerini %1.78-2.19 arasinda; Hrotk6 ve ark. (2014), Budapeste’de
mahlep ¢ogiir anaci iizerine asih ‘Rita’ kiraz gesidinin 2008-2010 yillari arasindaki ortalama yaprak N elementi
kapsamini %1.97 ve Milosevi¢ ve ark. (2014), Colt anaci iizerine asili olan May Early, Germersdorfer, Sunburst ve
Celeste kiraz ¢esidi yapraklarinin N diizeylerini ise %2.55-3.42 arasinda tespit etmislerdir. Uyandz ve ark (2012),
Konya ili Taskent ve Hadim ilgelerindeki kiraz bahgelerinin beslenme durumlart iizerine 2009 ve 2010 yillarinda
yiirlitmiis olduklar arastirmada, bahgelerdeki agaglarin N igeriklerini 1. yilda %0.78 - 3.71, 2. yilda ise %1.04 - % 2.7
arasinda tespit etmislerdir. Caligmamizda elde etmis oldugumuz sonuglar, diger arastiricilarin bulgular ile paralellik
gostermekte olup, aragtrmanin ytiriitiildiigii Yesilli ilcesinde iki ayn kiraz bahgesinde, yaprak giibresi uygulamasi
yapilan 0900 Ziraat cesidi kiraz agaclarmin yaprak N elementi diizeylerinin genelde yeterli (2. uygulama haric)
diizeyde oldugu anlasilmaktadir (Tablo 6).

3.1.2. Fosfor (P)

0900 Ziraat kiraz ¢esidine ait agaclara uygulanan bor ve ¢inko igerikli yaprak giibrelerinin, yaprak fosfor (P)
elementi lizerine etkisi nemli bulunmustur (7ablo 6). Her iki ticari kiraz bahgesindeki agaglarda %0.29-0.38 arasinda
P diizeyi saptanirken; uygulamalarda ortalama en yiiksek fosfor igerigi %0.34 ile kontrol uygulamasinda ve en diisiik
fosfor icerigi ise %0.31 ile 2. uygulama ve %0.30 ile 1. uygulamada elde edilmistir. Jones ve ark. (1991) nin bildirdigi
smir degerlere (%0.16-1.5) gore, uygulama yapilan ve yapilmayan tiim kiraz agaglarinin yaprak drneklerindeki fosfor
iceriklerinin yeterli seviyede oldugu belirlenmistir.

Jiménez ve ark. (2007), 'Stark Hardy Giant' ve 'Van' kiraz cesitlerinin yaprak P iceriklerini %0.28-0.67 arasinda;
Hrotko ve ark. (2014), ‘Rita’ kiraz ¢esidinin yaprak P igerigini %0.26-0.36 arasinda ve MiloSevi¢ ve ark. (2014), May
Early, Germersdorfer, Sunburst ve Celeste kiraz ¢esidi yapraklarmin P diizeylerini ise %0.20-0.27 arasinda tespit
etmiglerdir. Uysal ve Katkat (2007), Bursa yoresinde yetistirilen kiraz agaglarinin azot, fosfor, potasyum, kalsiyum ve
magnezyum ile beslenme durumlarini tespit etmek amaciyla yaptiklart calismalarinda; inceledikleri bahgelerde
topraklarin ve bitkilerin fosfor igerikleri dikkate alindifinda, genel olarak fosforla beslenme yoniinden sorun
olmadigini belirlemislerdir. Calismamizda tespit etmis oldugumuz P kapsaminin, diger calismalarda elde edilen

degerlerle uyumlu oldugu, ayrica; Jones ve ark. (1991)’nin saptadigi sinir degerleri (7ablo 3) arasinda yer aldig1 tespit
edilmistir.

Tablo 6. Farkl dozlarda ve zamanlarda uygulanan B ve Zn icerikli yaprak giibrelerinin 0900 Ziraat kiraz
cesidi yapraklarin makro element icerikleri iizerine etkisi
Table 6. The effect of B and Zn containing foliar fertilizers applied in different doses and times on the macro
element contents of 0900 Ziraat cherry leaves

N (%) P (%) K (%)
Uy erlbe 1. Bahce 2.Bahce Ort. 1.Bahge 2.Bahce Ort. 1.Bahce 2. Bah¢ce Ort.
Kontrol 2.03b 221 a 2.12b 0.30b 0.38a 0.34a 2.01c 248D 2.24b

1. Uygulama 2.16a 22la 2.18a 030b 030bc 030b 208b 243bc 226b
2.Uygulama 193¢ 193¢ 193d 029b 033b 031b 207b 254a 23la
3. Uygulama 2.00bc 2.03b 2.0lc 035a 029c 032ab 2.14a 242c 2.26ab

Bahce Ort. 203B 210A - 031B 032A - 207B 247A -
Varvans LSD Uygulama: 0054**, LSD Uygulama: 0024*, LSD Uygulama: 0036*,
De;}érl LSDBahce: 0038** 5 LSDBahce: 0017* N LSDBahce: 0025** N

LSD tygulama x Bake: 0.077* LSD vyguiama x Bahee: 0.034%** LSD wygutama x Bange: 0.051%**
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Tablo 6’nin devami (Table 6 continued)

Ca (%) Mg (%)
Uygulamalar 1. Bahce 2. Bahge Ort. 1. Bahce 2. Bahge Ort.
Kontrol 1.60 d 1.72 b 1.66 ¢ 0.54b 0.52a 0.53a

1. Uygulama 1.76 b 1.76 a 1.76 b 0.56ab 0.51b 0.53 a
2. Uygulama 1.64¢ 1.55¢ 1.60d 0.50¢ 049ab 049b
3. Uygulama  2.08 a 1.72b 1.90 a 0.57 a 0470 0.52 a

Bahce Ort. 1.77 A 1.69B - 0.54 A 0.50 B -
Varyans LSD Uygulama- 0025**, LSD Uygulama: 0024*,
Degeri LSDgance: 0.018** ; LSDgance: 0.017** ;

LSD tveulama x Bahce: 0.036** LSD vyguiama x Bahee: 0.033**

*: P< 0.05, **:P< 0.01; O.D.: Onemli Degil
Ayni siitunda ve satirda farkli harflerle gosterilen ortalamalar arasindaki farklilik istatistiki olarak 6nemlidir.

3.1.3. Potasyum (K)

0900 Ziraat cesidinde Bor ve ¢inko igerikli yaprak giibreleri uygulamalarnin yaprak potasyum elementi icerigi
tizerine etkisi 6nemli bulunmustur (7ablo 6). Birinci bahgedeki agaclarm K igerigi %2.01-2.14 ve ikinci bahgedeki
agaclarin ise %2.42-2.54 arasinda degisirken, en yiiksek ortalama yaprak potasyum igerigi %2.31 ile 2. uygulamada
saptanmustir. Tablo 3’te belirtilen Jones ve ark. (1991) nin bildirdigi simir degerlere gére, Mardin ili Yesilli ilgesindeki
kiraz agac1 yapraklarimin potasyumun diizeyinin eksik oldugu tespit edilmistir.

Yurdumuzda yapilan ¢aligmalarda; Tuna (1991), Kemalpasa ilgesindeki kiraz bahgelerinde yetistirilen Salihli kiraz
cesidinin yaprak K kapsamimi %1.10-1.80 arasinda, Kulu (2006) da yine ayni ilgede yetistirilen ayni kiraz gesidi
yapraklarmm K kapsaminin %0.95- 1.39 arasinda degistigini belirlemistir. Arastirici, Kemalpasa ilgesindeki
bahgelerde yetistirilen Salihli kiraz agaglarmim yaprak K igeriginin %87.5’inin yetersiz oldugunu belirtmistir. Okge
(2009) de Tekirdag ili Merkez il¢e kiraz bahgelerinin beslenme durumunun toprak ve bitki analizleri ile belirlenmesi
tizerine, 15 farkl bahgeden toprak ve yaprak ornekleri alarak yaptigi ¢alismasinda, yaprak K degerlerinin %0.90
ile %2.60 arasinda degistigini belirtmistir. Yurtdisinda yapilan bazi arastirmalarda, degisik anaclar {izerine asili farkh
kiraz cesidi yapraklarinda %0.99-1.83 arasinda degisen yaprak K icerikleri belirlenmistir (Jiménez ve ark., 2007;
Hrotko ve ark. 2014; Milosevi¢ ve ark., 2014).

3.1.4. Kalsiyum (Ca)

0900 Ziraat kiraz gesidi agaglarma uygulanan bor ve ¢inko igerikli yaprak giibrelerinin, yapraklarm kalsiyum (Ca)
elementi igerigi iizerine etkisi istatistiki olarak 6nemli bulunmustur (7ablo 6). Arastirmada, 0900 Ziraat cesidi
yapraklarinda en yiiksek kalsiyum elementi igerigi %1.90 ile Fertileader® Oris + Fertileader® Alpha’nm birlikte
kullanildig1 3. uygulama, en diisiik kalsiyum igerigi ise %1.60 ile 2. uygulama agaclarn yapraklarinda saptanmustr.
Arastirmada, her iki kiraz bahgesindeki agaglarin yaprak kalsiyum igerigi %1.55-2.08 arasinda degismistir. Tablo 3’te
belirtilen Jones ve ark. (1991) nin bildirdigi simir degerlere (% 2.00-3.00) gore, yapraklarda kalsiyum iceriginin “eksik”
oldugu, bu eksikligin uygulanan Fertileader® Oris + Fertileader® Alpha yaprak giibresiyle kismen giderilebildigi tespit
edilmistir.

Yurtdiginda yapilan bazi arastirmalarda, degisik anaclar {izerine asili farkl kiraz ¢esidi yapraklarinda %0.96-2.63
arasinda yaprak Ca icerikleri belirlenmistir (Jiménez ve ark., 2007; Hrotko6 ve ark. 2014; MiloSevi¢ ve ark., 2014).
Ulkemizde gerceklestirilen arastirmada, Tekirdag ili Merkez ilgedeki kiraz bahgelerinden alian yaprak drneklerinin
Ca degerlerinin %1.05 ile %2.60 arasinda degistigi, belirlenen bu degerlere gore bahgelerdeki agaclarin Ca
iceriginin %66.67 smin eksik ve %33.33 {iniin yeterli diizeyde oldugu saptanmustir (Okge, 2009). Ote yandan, Yagmur
ve Okur (2011) tarafindan, Izmir ili Kemalpasa ilcesinde gerceklestirilen bir arastirmada da benzer sekilde kiraz yaprak
Ormegi analiz sonuglarma gore kalsiyum iceriginin yeterlilik smirmin altinda kaldigim belirtmislerdir. Yukarida
bahsedilen ¢alismalarda kiraz gesitlerinin yaprak drneklerinde saptanan kalsiyum degerleri, ¢alisgmamizla paralellik
gostermektedir.

3.1.5. Magnezyum (Mg)

Yesilli ilgesindeki yetistirilen 0900 Ziraat kiraz cesidine ait agaclara bor ve ¢inko igerikli yaprak giibresi
uygulamalarinin, agaglarin yaprak magnezyum (Mg) kapsamlarina etkisi istatistiksel olarak énemli bulunmustur
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(Tablo 6). Yapraklarda en yiiksek ortalama Mg kapsami %0.53 ile kontrol ve 1. uygulama, %0.52 ile 3.
uygulamadan elde edilmistir. Her li¢ uygulama arasinda istatistiksel olarak &nemli bir fark bulunmamistir.
Uygulamalarda en diisiik ortalama Mg icerigi ise %0.49 ile 2. uygulamadan elde edilmistir. Uygulama yapilan her
iki bahcedeki deneme agaglarinin yaprak Mg icerigi %0.49-0.57 arasinda degismistir. Tablo 3’te belirtilen Jones
ve ark. (1991)’nin bildirdigi sinir degerlerine (%0.30-0.80) gore 0900 Ziraat kiraz ¢esidi yapraklarin magnezyum
kapsamlarimin yeterli oldugu saptanmistir.

[zmir ve Tekirdag illerinde yiiriitiilen arastirmalarda, kiraz agaglarimin yaprak Mg diizeylerinin %0.26
ile %1.04 arasinda degistigi tespit edilmistir (Kulu, 2006; Okge, 2009). Benzer sekilde, Yagmur ve Okur (2011)
tarafindan, Izmir ili Kemalpasa ilgesinde gerceklestirilmis olan bir calismada da kiraz gesitlerine ait yaprak analiz
sonuglarma gdre magnezyum igeriginin yeterli oldugu belirtilmistir. Izmir ve Tekirdag illerinde yiiriitiilen bu
calismalardan elde edilen sonuglar, ¢calismamizla paralellik gostermektedir.

Degisik kiraz anaclari iizerine asili farkli kiraz gesitlerine ait agaclar {izerinde yiiriitiilen cesitli aragtirmalarda
ise %0.28 ile %0.76 arasinda yaprak Mg kapsamu tespit edilmistir (Jiménez ve ark., 2007; Hrotko ve ark. 2014;
Milosevic¢ ve ark., 2014).

3.2. Uygulanan yaprak giibrelerinin, kiraz yapraklarinin bazi mikro besin elementi icerikleri iizerine etkileri
3.2.1. Demir (Fe)

Tablo 7’ de belirtilen 0900 Ziraat kiraz gesidine ait yaprak drneklerinin ortalama analiz sonuglarma gore, uygulanan
bor ve ¢inko igerikli yaprak giibrelerinin demir (Fe) elementi konsantrasyonu {izerine etkisi énemli bulunmustur.
Uygulama bahgelerinden elde edilen ortalama sonuglara gére, yapraklardaki en yiiksek Fe kapsami 127.93 ppm ile
kontrol uygulamasindan, en diisiik yaprak Fe kapsami ise 2. uygulama (117.40 ppm), 1. uygulama (119.34 ppm) ve 3.
uygulama’dan (122.48 ppm) elde edilmistir. Tablo 3’te belirtilen Jones ve ark. (1991)’nin bildirdigi yaprak besin
elementi sinir degerlerine gore (100-250 ppm), yapraklarin demir kapsamlarimin yeterli oldugu saptanmustir.

Zaragoza’da (Ispanya) 7 degisik anag iizerine agih Stark Hardy Giant ve Van kiraz cesidi yapraklarinda 43.0-55.2
ppm (Jiménez ve ark., 2007), Sirbistan’da yiiriitiilen bir arastirmada, 4 ayn kiraz ¢esidi agaclarindan tam
cigeklenmeden 40 giin sonra alinan yaprak oOrneklerinde 118.59-172.37 ppm (Milosevi¢ ve ark., 2014) ve
Macaristan’da yiiriitiilen bir kiraz ¢esit/anag calismasinda ise Prunus mahaleb ¢dgiir anaci iizerine asili Rita kiraz ¢esidi
agacinin yaprak orneklerinde 106.8-113.17 ppm arasinda Fe icerigi saptanmistir (Hrotko ve ark. 2014).

Bursa ve ¢evresinde, kiraz bahgelerindeki agaglarinin yaprak demir kapsamlari 24.7-121 ppm arasinda (Uysal ve
Katkat, 2005), Izmir ili Kemalpasa ilgesindeki Salihli kiraz ¢esidi agaglarinin yaprak demir kapsamlari 33.6- 78.4 ppm
arasinda (Kulu, 2006) ve Tekirdag ili kiraz bahgelerinde yetistirilen kiraz agaclarinin yaprak demir kapsamlari ise
80.00-330.00 ppm arasinda (Okge, 2009) saptanmistir. Okge (2009), Tekirdag ili kiraz bahgelerindeki agaglarm
yapraklarmin Fe kapsamlarinin %40.00’min eksik; %53.34’tiniin yeterli ve %6.66’smin ise fazla diizeyde Fe igerdigini
belirlemistir.

Genel olarak kireg icerigi yiiksek (alkali) topraklarda bitkiler yeterli diizeyde demir alamadiklari i¢in demir
eksikligi gostermektedir (Bloom ve Inskeep, 1988). Caligmamizda ise hem toprakta hem de yaprakta demir eksikligi
saptanmamigtir.

3.2.2. Bakir (Cu)

Uygulama yapilan bor ve ¢inko igerikli yaprak giibrelerinin 0900 Ziraat kiraz ¢esidi agaglarinin yapraklarindaki
bakir (Cu) elementi kapsamu iizerine etkisi 7ablo 7°de verilmistir. Tablo 7 incelendiginde; bor ve ¢inko igerikli yaprak
glibresi uygulamalann arasindaki farkin 6nemli olmadigi, bahgeler arasindaki farkin ve uygulama x bahge
interaksiyonunun (p<0.01) ise dnemli oldugu tespit edilmistir. Yapraklardaki en yiiksek bakir konsantrasyonu 15.96
ppm ile ikinci bahgenin 2. uygulamasinda ve en diisiik yaprak bakir konsantrasyonu ise 12.90 ppm ile birinci bahgenin
kontrol agaclarinda saptanmistir. Bahge ortalamalarina gore birinci bahgede 13.48 ppm, ikinci bahgede ise 15.54 ppm
Cu icerigi saptanmustir. Elde edilen yaprak analiz sonuglarina gére Mardin ili Yesilli ilgesi kiraz bahgelerindeki 0900
Ziraat kiraz ¢esidi agaclarinin Tablo 3’te belirtilen kritik sinir degerlerine (4-50 ppm, yeterli) gore (Jones ve ark., 1991)
yaprak Cu igeriginin yeterli oldugu saptanmustir.

Izmir ili Kemalpasa ilgesindeki Salihli kiraz cesidi agaglarmin yaprak bakir kapsami 1.20-7.32 ppm arasinda (Kulu,
2006), Tekirdag ili kiraz bahgelerinde yetistirilen kiraz agaclarmin yaprak Cu kapsamlarmin 4.10-21.00 ppm arasinda
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(Okge, 2009) ve Izmir ili Kemalpasa ilgesindeki kiraz agaglarmim yaprak Cu kapsamlarinin 13.0-19.0 ppm arasinda
(Yagmur ve Okur, 2011) degistigi belirlenmistir. Kulu (2006), Izmir ili Kemalpasa ilgesindeki Salihli kiraz ¢esidi
agaclarmin yaprak Cu kapsamimin %75’ inin yeterli, geri kalaninin ise yetersiz diizeyde oldugunu belirtirken, Yagmur

ve Okur (2011) ise ayn1 ilgedeki kiraz agaglarinin Cu igeriginin yeterli oldugunu belirtmislerdir.

Degisik kiraz cesitlerine ait agaclar lizerinde yiiriitiilen gesitli aragtirmalarda ise 7.70 ppm ile 20.60 ppm arasinda
yaprak Cu kapsamu tespit edilmistir (Jiménez ve ark., 2007; Hrotko ve ark. 2014; MiloSevi¢ ve ark., 2014).

3.2.3. Cinko (Zn)

Tablo 7°de belirtilen 0900 Ziraat kiraz ¢esidi agaclarindan alinan yaprak drneklerine ait analiz sonuglarma gore,
uygulanan bor ve ¢inko icerikli yaprak giibrelerinin, kiraz agaclarinin ¢inko (Zn)elementi igerigi tizerine etkisi (p<0.01)
6nemli, bahgeler arasindaki fark (p<0.01) 6nemli ve uygulama x bahge interaksiyonu (p<0.01) 6énemli bulunmustur.
Uygulamalar arasinda en yiiksek yaprak Zn kapsami 24.52 ppm ile 3. uygulamadan, en diisiik Zn igerigi ise 19.85 ppm
ile kontrol agaglarindan elde edilmistir. Tablo 2°de belirtilen Jones ve ark. (1991) nin bildirdigi sinir degerlerine (15-
19 ppm eksik, 20-50 ppm yeterli) gére yapraklarin Zn kapsamlarmnin yeterli oldugu anlagilmustir.

Tablo 7. Farkl dozlarda ve zamanlarda uygulanan B ve Zn icerikli yaprak giibrelerinin 0900 Ziraat kiraz
cesidi yapraklarin mikro element icerikleri iizerine etkisi
Table 7. The effect of B and Zn containing foliar fertilizers applied in different doses and times on the micro
element contents of 0900 Ziraat cherry leaves
Fe (ppm) Cu (ppm) Zn (ppm)

Uygulamalar 1. Bahce 2. Bahge Ort. 1. Bahce 2. Bahce Ort. 1. Bahce 2. Bahge Ort.
Kontrol 117.33b 138.54a 12793a 1290b 15.51a 14.21 21.35b 1836b 19.85¢c

1. Uygulama 121.87ab 116.81b 11934b 1330b 15.52a 14.41 21.64b 25.75a 23.69a
2. Uygulama 105.14c 129.66a 117.40b 13.04b 1596a 14.50 2548a 19.30b 22390
3. Uygulama 129.84a 115.12b 122.48ab 14.70a 15.17a 14.93 24.58a 2446a 2452a

Bahce Ort. 118.54 B 125.03 A 13.48B 1554 A 2326 A 21.96B
Varvans LSD Uygulama: 6475*, LSD Uygulama: OD ; LSD Uygulama: 0999**,
Delé}érl LSDBahce: 4.579% 5 LSDBahce: 0.432%* 5 LSDBahce: 0.706** 5

LSD tygulama x Bake: 9.157** LSD vyguiama x Bahee: 0.863** LSD wygutama x Bange: 1.412%*

Tablo 7’nin devami (Table 7 continued)
Mn (ppm) B (ppm)

Uygulamalar 1. Bahce 2. Bahce Ort. 1. Bahce 2. Bahce Ort.

Kontrol 3425d 3097d 3261d 36.05b 32.82b 3444a
1. Uygulama  40.51b 3598c 3825c 3225c¢ 32770b 3248¢c
2. Uygulama 38.60c 4047a 3953b 32.68c 33.78a 33.23b
3. Uygulama 4547a 3859b 42.03a 40.61a 2630c 3346D

Bahce Ort. 3971 A 36.50B 3540A 3140B
Varyans LSD Uygulama. 0369**, LSD Uygulama.: 0526**,
Degeri LSDgance: 0.261%** ; LSDgance: 0.372%* ;

LSD tvgutama x Bahge: 0.521 o LSD vyguiama x Bahee: 0.745%*

*: P<0.05, **:P< 0.01; O.D.: Onemli Degil
Ayni siitunda ve satirda farkli harflerle gosterilen ortalamalar arasindaki farklilik istatistiki olarak onemlidir.

Kulu (2006) tarafindan, Kemalpasa yoresi organik ve entegre kiraz yetistiriciliginde Salihli ¢esidinin beslenme ve
agir metal durumlarinin incelenmesi ¢alismasinda, organik kiraz bahcesindeki agaglarn yapraklarinin Zn igerikleri 8-
18 ppm, entegre bahgelere ait yaprak drneklerinin Zn igerikleri ise 14-22 ppm degerleri arasinda belirlemistir. Arastirici,
organik bahgedeki agaglarin yapraklarinin %62.5’inin Zn icerigi bakimmdan noksan, %37.5’inin ise yetersiz sinifinda
yer aldigini; entegre bahgelerde ise yetersiz sinifinda bulunan bahgelerin %62.5’1ik bir pay olustururken, kalan %25
ve %12.5’lik kismin sirastyla; noksan ve yeterli simifinda yer aldigini belirtmistir. Okge (2009) de Tekirdag ili kiraz
bahgelerinde yetistirilen kiraz agaclarmdan alian yaprak Srneklerinin Zn igeriklerinin 7.60 ppm ile 29.00 ppm arasinda
degistigini, 6rnek alinan kiraz bahgelerindeki agaglarin, Tablo 3’te verilen Jones ve ark. (1991)’nin bildirdigi sinir
degerine gore %80’inin eksik, %20’sinin ise yeterli diizeyde oldugunu bildirmistir.
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Jiménez ve ark. (2007), 7 degisik anag iizerine asili 'Stark Hardy Giant' ve 'Van' kiraz cesitlerinin yaprak Zn
iceriklerini 12.2-18.2 ppm arasinda; Hrotko6 ve ark. (2014), mahleb ¢dgiir anaci iizerine asili ‘Rita’ kiraz gesidinin
2008-2010 yillart arasindaki yaprak Zn icerigini 9.86-12.11 ppm arasinda ve Milosevi¢ ve ark. (2014), Colt anaci
iizerine asili olan May Early, Germersdorfer, Sunburst ve Celeste kiraz ¢esidi yapraklarinin Zn diizeylerini ise 14.06-
23.50 ppm arasinda tespit etmislerdir.

3.2.4. Mangan (Mn)

Prunus mahaleb anaci lizerine asil1 0900 Ziraat kiraz ¢esidi agaglarinin yer aldig1 Mardin ili Yesilli ilcesindeki iki
ayr1 kiraz bahgesindeki agaglara uygulanan bor ve ¢inko icerikli yaprak giibrelerinin mangan (Mn) elementi igerigi
tizerine etkileri Tablo 7°de verilmistir. Bor ve ¢inko igerikli yaprak giibresi uygulamalarimin, 0900 Ziraat kiraz ¢esidi
yapraklarmin Mn kapsamui lizerine etkisinin 6nemli oldugu tespit edilmistir. Yapraklardaki en yiiksek Mn icerigi (42.03
ppm) Fertileader® Oris + Fertileader® Alpha’ni birlikte kullamldig1 3. uygulamadan elde edilirken, en diisiik mangan
icerigi ise 32.61 ppm ile kontrol uygulamasinda saptanmustir. 7ablo 3’te belirtilen Jones ve ark. (1991)’nin bildirdigi
smir degerine (40-200 ppm) gore bahgedeki agaglarin yaprak Mn igeriginin gogunlukla eksik oldugu belirlenmistir.
Uysal ve Katkat (2005), Bursa ve ¢evresindeki kiraz bahgelerinde yiiriittiikleri iki yillik bir ¢calismada; ¢alismanin
birinci yilinda kiraz agaci yapraklarmm Mn kapsaminin 26.1-79.2 ppm (ortalama 52.9 ppm), ikinci yilinda ise 27.0-
72.5 ppm (ortalama 46.0 ppm) arasinda oldugunu belirtmislerdir. Okge (2009) ise Tekirdag yoresindeki kiraz agaci
yaprak orneklerinin Mn igeriklerinin 29.00 ppm ile 52.00 ppm arasinda degistigini, belirlenen bu degerlere gore kiraz
bahgelerindeki agaclarm Mn igeriklerinin %53.33’tinde eksik, %46.67’sinde ise yeterli diizeyde oldugunu tespit
etmislerdir.

Kiraz cesitlerine ait agaclar iizerinde yiiriitiilen degisik arastirmalarda ise 15.00-74.80 ppm arasinda yaprak Mn
kapsami tespit edilmistir (Jiménez ve ark., 2007; Hrotké ve ark. 2014; MiloSevi¢ ve ark., 2014).

3.2.5. Bor (B)

Tablo 7°de belirtilen 0900 Ziraat kiraz ¢esidi yaprak orneklerinin analiz sonuglarina gore, bor ve ¢inko icerikli
yaprak giibresi uygulamalarinin yaprak Bor (B) elementi icerigi ilizerine etkisinin 6nemli oldugu saptanmustir.
Uygulama ortalamalarma gore yapraklardaki en yiiksek bor kapsami 34.44 ppm ile kontrol uygulamasi agaglarindan,
en diisiik bor icerigi ise 32.48 ppm ile 1. uygulamadan elde edilmistir. 7ablo 3’te belirtilen Jones ve ark. (1991)’nin
bildirdigi siir degerlerine (20-100 ppm) gore 0900 Ziraat kiraz ¢esidi yapraklarinin bor kapsamlarimin yeterli oldugu
belirlenmistir.

Isparta iline ait Atabey, Senirkent, Uluborlu, Keciborlu, Egirdir, Yalva¢ ve Gelendost ilgelerinden alinan kiraz
yapragi drneklerine ait ortalama B icerikleri sirastyla; 41.26, 39.73, 61.93 ve 47.86 ppm olarak tespit edilmistir (Peker
ve Erdal, 2006). Peker ve Erdal (2006), belirlenmis olan yaprak analiz sonucu degerlerine gore, kiraz bahgelerinin
tamaminin B iceriginin yeterli diizeyde oldugunu belirtmislerdir.

Degisik anaglar tizerine asili ve farkli kiraz gesitlerine ait agaclar lizerinde yiiriitiilen ¢esitli arastirmalarda ise 19.24-
45.50 ppm arasinda yaprak B kapsamu tespit edilmistir (Wojcik ve Wojcik, 2006; Hrotko ve ark. 2014; Milosevi¢ ve
ark., 2014). Gokoglan (2017), 0900 Ziraat kiraz ¢esidinde yapraktan bor uygulamasinin meyve tutumuna etkisi iizerine
yaptig1 calismasinda, sonbaharda bor piiskiirtiilen kiraz agaclarinin yaprak bor kapsamlarinin 59.37 ppm ile 68.35 ppm
arasinda degistigini saptamistir.

4. Sonug¢

Ulkemizde iiretilen meyve tiirleri arasinda ilk siralarda yer alan kirazin, iilke ekonomisine katkisi da her gegen giin
artis gostermektedir. Ulkemizde birgok bélge veya yore ikliminin kiraz yetistiriciligine uygun olmasi ve kirazin son
yillarda para etmesi nedeniyle, ¢iftcilerin yani sira ceviz, badem ve zeytinde oldugu gibi profesyonel yatirimcilar da
kiraz iiretime yonelmeye baslamstir. Siirekli olarak yeni ¢esitlerin 1slah edilmesi ve piyasaya siiriilmesiyle, 6nceki
yillarda 20 mm ¢apinda kirazlar yurtdigina ihrag edilebilirken, bugiinlerde ise yurtdisina ancak ¢ap1 24-26 mm ve iistii
olan gesitler ihrag edilebilmektedir. Halen ¢ap1 30 mm’yi bulan ve bu rakami asan kiraz ¢esitleri de mevcuttur.

Birgok internet sayfasinda yer alan “Mardin kirazina yogun talep” baglikli haber yazilarinda, 45 yillik kiraz iireticisi
Sabri Erdogan, Yesilli'nin kirazmim nigin meshur oldugunu su ciimlelerle ifade etmistir: “Ilac, giibre, su vermiyoruz.
Dogal yetisiyor. O nedenle tadi ¢cok giizel.”

Yesilli ilgesindeki iireticilerin bilyiik cogunlugu yanmis hayvan giibresi ve kimyasal giibreyi yeterli diizeyde
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kullanmamaktadir. Yesilli ilgesinde yiiriitiilmiis olan bu ¢aligmada, iireticilerden 6grendigimiz kadartyla ilk defa
agagclara bu ¢alismayla yaprak giibresi uygulamasi yaptiklarimni ifade etmislerdir. Organik maddece ¢ok fakir, aktif kireg
orani yiiksek olan, buna karsilik fosfor, bor ve ¢inko elementleri bakimmdan fakir olan Yesilli ilcesindeki kiraz

bahgelerinde, toprakta eksikligi belirlenen besin elementlerini igeren giibrelerin yani sira yanmig hayvan giibresi gibi
organik giibrelerin kullamlmasinin 6zendirilmesi gerekmektedir. Kiraz iireticilerinin dogru giibre kullanmalarmi
6zendirebilmek i¢in de kiraz bahgelerine, toprak ve yaprak analizleri sonuglarin1 dikkate alarak giibre vermelerini
saglamak gerekmektedir.

Yesilli ilgesindeki kiraz bahgelerinde yiiriitiilmiis olan bu ¢alismada agaglara bor ve ¢inko igerikli yaprak giibresi
uygulamalarinin hem yapraklardaki bitki besin elementleri icerikleri hem de meyve kalitesinde 6nemli etkilerinin
oldugu belirlenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yumusak Ekmeklik Bugday (7. aestivum L.) Genotiplerinin Biskiivilik Kalitesinin
Belirlenmesi icin Solvent Tutma Kapasitesi Testlerinin Kullanimi

Using The Solvent Retention Capacity Tests to Determine the Biscuit-Making Quality of Soft
Bread Wheat (7. aestivum L.) Genotypes

Sultan ERENLER, Oguz BILGIN*, Alpay BALKAN?, ismet BASER*

Oz

Arastirma, 2014-2015 yetistirme déneminde Eskisehir Ili Hamidiye ve Karabayir lokasyonlarinda Eskisehir Gegit
Kusag1 Tarimsal Aragtirma Enstitiisii tarafindan gelistirilmis olan yumusak tane yapisina sahip 20 ileri hat ve 4
standart cesit olmak lizere toplam 24 ekmeklik bugday genotipi ile tesadiif bloklar1 deneme desenine gore 4
tekrarlamali olarak yiiriitiilmiigtiir. Aragtirmada, 20 hat ve 4 standart gesitte solvent tutma kapasitesi (STK) testleri
(sodyum karbonat (%5), sakkaroz (%50), laktik asit (%5) ve distile su) ve gluten performans indeksi (GPI)
oOzellikleri incelenmigtir. STK testleri ve GPI iligkin varyans analizi sonuclarina gore ekmeklik bugday
genotiplerinin, lokasyonlar ile interaksiyon ortalamalar1 arasindaki farkliliklar istatistiki olarak Onemli
bulunmustur. Lokasyonlar arasindaki varyasyonun boyutu genotip ve interaksiyon varyaslarina oranla daha
yiiksek olmasi arastirma igin secilen lokasyonlar arasinda onemli farkliliklar bulundugunu ve interaksiyon
varyasinin oldukg¢a diisiik olmasi da lokasyonlarin incelenen genotipler i¢in dogru se¢ildigini ve sayisinin yeterli
oldugunu gostermistir. Yumusak bugday degirmencilik ve biskiivi kalitesinin belirlenmesinde kullanilan STK
testleri i¢in genotip ve lokasyon etkilerinin genotip x lokasyon interaksiyon etkilerinden daha biiyiik oldugu tespit
edilmistir. Genotiplerin laktik asit STK ortalamalar1 %86.68 ile %112.83 arasinda, sakkaroz STK
ortalamalar1 %79.95 ile %89.29 arasinda, sodyum karbonat STK ortalamalar1 %79.52 ile %94.83 arasinda ve su
STK degerleri %58.18 ile %65.14 arasinda degismistir. GPI bakimindan denemeye alian genotipler 0.49 ile 0.66
arasinda degisen ortalamalara sahip olmuslardir. Elde edilen STK testleri ve GPI referans degerleri dikkate
alindiginda BIS-19un en iyi biskiivilik performansina sahip hat olabilecegi belirlenmistir. BIS-2, BIS-11, BiS-13
ve BIS-16 biskiivilik kalite performanslar1 bakimindan iimitvar diger hatlar olmustur. Ayrica BIS-9, BiS-17, BIS-
22 ve BIS-8 ise biskiivilik kalitesi yoniinden 1slah caligmalarinda degerlendirilebilecek iimitvar hatlar olmustur.

Anahtar Kelimeler: Yumusak ekmeklik bugday, Ileri hat, Solvent tutma kapasitesi, Gluten performans indeksi, Biskiivilik

kalitesi
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Abstract

The study was carried out in randomized block design with 20 advanced lines with soft grain structure by
developed Eskisehir Agricultural Research Institute and 4 standard wheat genotypes in Hamidiye and Karabayir
locations of Eskisehir Province in the 2014-2015 growing period. The solvent retention capacity (SRC) tests
(sodium carbonate (5%), sucrose (50%), lactic acid (5%) and distilled water) and gluten performance index (GPI)
were investigated for 20 lines and 4 standard varieties in the study. According to the results of the analysis of
variance regarding SRC tests and GPI, the differences between the genotypes, locations and their interaction
averages were found to be statistically significant. The fact that the size of the variation between locations is higher
than the genotype and interaction variances indicates that there are significant differences between the locations
selected for the study, and the low interaction variance shows that the locations are correctly selected for the
studied genotypes and their number is sufficient. For SRC tests used in soft wheat milling and biscuit quality
determination, it was determined that the genotype and location effects were greater than the genotype x location
interaction effects. The mean values of genotypes ranged between 86.68% and 112.83% for lactic acid SRC, 79.95%
and 89.29% for sucrose SRC, 79.52% and 94.83% for sodium carbonate SRC and 58.18% to 65.14% for water
SRC. The genotypes taken into the study in terms of GPI had averages varying between 0.49 and 0.66. Considering
the obtained SRC tests and GPI reference values, it was determined that BIS-19 could be the line with the best
biscuit performance. The BIS-2, BiS-11, BiS-13 and BiS-16 were other promising lines for biscuit quality
performances. In addition, BiS-9, BIS-17, BiS-22 and BIS-8 have been promising lines that can be evaluated in
breeding studies for biscuit quality.

Keywords: Soft bread wheat, Advanced lines, Solvent retention capacity, Gluten performance index, Biscuit quality
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Yumusak Ekmeklik Bugday (7. aestivum L.) Genotiplerinin Biskiivilik Kalitesinin Belirlenmesi igin Solvent Tutma Kapasitesi Testlerinin Kullanimi.

1. Giris

Diinya’da ekim alan1 ve {iretim miktar1 en yiiksek tarimsal iiriin grubu tahillardir. Bugday, yulaf ve arpa gibi
tahillar diinya genelinde gida olarak en fazla kullanilan serin iklim tahillaridir (Das ve ark., 2011; Kurt ve Yagdi,
2013). Diinyada iiretilen bugdaylarin ortalama olarak; %92’ si insan gidasi, %1’ i1 tohumluk ve %7’ si ise hayvan
yemi olarak kullamlmaktadir. Insan gidasii olusturan %92°lik kisim gerek iilkemizde gerekse diinyada daha gok
degirmenlerde 6giitiilerek un ve irmik halinde ekmek, biskiivi, makarna, chapatti, pide ve kek vb. ¢ok cesitli gida
maddelerinin ham maddesini olusturur (Unal, 1991; Singh ve Khatkar, 2005). Diinya niifusundaki hizl artisa
karsin gerek duyulan bitkisel iiretimin 6zellikle de bugday iiretim diizeyinin iki katina ¢ikarilmas1 gerekmektedir.
Bu artig yetistirme tekniginin gelistirilmesi, sulanir tarim alanlarmin gelistirilmesi, hastalik ve zararlilarin etkin
bigimde denetlenmesi ya da yiiksek verimli yeni gesitlerin bulunmasi ve bunlarin uygun yetistirilme yontemleri
ile iiretime alinarak saglanabilir (Baser ve ark., 2005)

Biskiivi ve kek endiistrisi, goreceli olarak kiigiik bugday kullanicilar1 olsa da bunlar biiyiik katma degerli
endiistrilerdir. Diinyada biskiivi pazart toplam 7,4 milyar dolar civarindadir (Anonim, 2015). Tiirkiye’nin bu
pazardan aldig1 pay ise yillara gore degismekle birlikte ortalama %3-4 civarindadir. Bu oran bir tarim iilkesi
durumundaki Tiirkiye igin c¢ok diigiik kalmaktadir. Biskiivi ihracatinda diinya pazarinda yeteri kadar yer
alabilmemiz igin ilk etapta kaliteli bir hammaddeye ve bunun siirekli ayni standart kalitede iiretilmesine
gereksinme vardir. Bu amagla biskiivi yapimina elverisli bugday ¢esitlerinin ekiminin tesvik ve tavsiye edilmesi
cok onemlidir (Oztiirk ve Ozdag, 1993). Biskiivi sektoriinde her gecen giin artmakta olan kaliteli hammaddeyi
saglayacak cesitlerin gelistirilecegi 1slah ¢alismalarina ihtiyag giderek artmaktadir (Karaduman, 2013; Tunca ve
ark., 2020).

Islah siirecinde yumusak bugdaylarin kalitesini incelemek igin degisik yontemler kullanilmaktadir. Ancak
ozellikle genotip x ¢evre interaksiyonu etkilerinin diisiik oldugu kalite analizlerine ihtiyag vardir. Ciinkii uygun
kontrol ¢esitlerinin kullanilmastyla, iistiin genotiplerin sec¢imi, birkag yil ve yerde yiiriitiilecek denemelerle test
edilerek gerceklestirilebilmektedir. Bu testler arasinda solvent tutma kapasitesi (STK) testi, unlarin pisirme ve
isleme Ozellikleri hakkinda bilgi vermektedir. Bu agidan STK testleri yardimiyla bu tip denemelerde incelenen
genotiplerin minimum genotip x ¢evre interaksiyonu etkisi nedeniyle dogru bir sekilde segilebilecegi agiklanmistir
(Guttieri ve ark., 2001; Guttieri ve ark., 2003).

STK testleri az miktarda drnek ile yapilabilen, alet, ekipman ve kimyasallar agisindan nispeten daha az emek
gerektiren hizli bir test yontemi olmasi nedeniyle daha fazla kullanilmaktadir (Xiao ve ark., 2006; Karaduman
2020). STK testinin bir diger dnemli avantaji da hasat 6ncesi basak iizerinde ¢cimlenme oldugunda bile yumusak
bugday kalitesini degerlendirmeye imkan vermesidir (Souza ve Guttieri, 2007). STK testi, bugday unundaki hasarl
nisasta, gluten proteini (glutenin ve gliadin) ve arabinoksilan (pentosan) gibi her bir fonksiyonel polimerik
bilesenin sisme davranisini ortaya ¢ikaran bir solvasyon testidir (Kweon ve ark., 2011). Ayrica, gluten performans
indeksi (GPI), bugday unundaki glutenin genel performansini tahmin etmek i¢in genellikle STK testi verileri
kullanilarak belirlenir. Bu bilgiler genellikle farkli kimyasal ve fonksiyonel 6zelliklere sahip sert ve yumusak
bugday unlarmi siniflandirmak icin kullanilir. Bu testte, 4 farkli ¢oziicii; laktik asit (gluten karakteristikleri ile
ilgili), sakkaroz (pentozan igerigi ve gliadin 6zellikleri ile ilgili), sodyum karbonat (nisasta zedelenmesi) ve su (4
ozellik i¢in) bugday Orneginin fiziksel ve kimyasal durumu hakkinda bilgi vermektedir. STK testleri, son derece
kalitsal ve tekrarlanabilir olmas1 yaninda yumusak bugday kalitesinde genetik kazanimlar agisindan 1slah
materyalinin degerlendirilmesinde giivenilir sonuglar verdigi icin 1slahta seleksiyon parametresi olarak
kullanilabilmektedir (Guttieri ve ark., 2001; Walker ve ark., 2008). Bu bilgiler 1s1g1inda, bu ¢aligmada, yumusak
ekmeklik bugday hatlarmnin biskiivilik kalite dzelliklerinin solvent tutma kapasitesi testleri yoluyla belirlenmesi
amaglanmistir.

2. Materyal ve Metot

Arastirmada Gegit Kusag1 Tarimsal Arastirma Enstitiisii Miidiirliigii tarafindan gelistirilmis olan yumusak tane
yapisina 20 adet ekmeklik bugday ileri hatt1 ve ticari olarak tercih edilen ikisi yerli (Gerek 79 ve Bayraktar 2000)
ve ikisi si yurtdisi orijinli (Carisma ve Artico) 4 standart ¢esit materyal olarak kullanilmistir (7ablo 1).
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Tablo 1. Denemede kullanilan hatlar ve melez numaralar ile standartlar
Table 1. Lines and their cross numbers and standards used in the study

Hat No Melez No Hat No Melez No
BiS-1  YE16719-0E-0E-0E-10E-OE BiS-16 YE16765-0E-0E-0E-1E-OE
BiS-2  YE16756-0E-0E-0E-5E-OE BiS-17 YE16687-0E-0E-0E-9E-OE
BiS-3  YE16773-0E-OE-OE-17E-0E  BiS-18 YE16719-0E-0E-0E-23E-OE
BiS-4  YE16778-0E-0E-0E-6E-OE BiS-19 YE16760-0E-0E-0E-8E-OE
BiS-6  YE16778-0E-OE-OE-7E-OE BiS-21 YE16887-0E-0E-0E-2E-OE
BiS-7  YE16778-0E-OE-OE-13E-0E  BiS-22 TCI-02-691-0AP-0AP-9AP-0AP-5AP-0AP
BiS-8  YE16839-0E-OE-OE-7E-OE BiS-23 YE16454-0E-0E-0E-4E-OE
BiS-9  YE16849-0E-0E-0E-2E-OE BiS-24 SM5031F-0P-0E-0E-3E-OE
BiS-11 YE16851-0E-0E-0E-10E-OE  Gerek 79

BiS-12 YE16853-0E-0E-OE-1E-OE Carisma

BiS-13  YA24688-0A-0E-0E-3E-OE Bayraktar 2000

BiS-14 SM-5520F-0P-0E-0E-8E-OE Artico

Aragtirma, 24 biskiivilik bugday genotipi ile Eskisehir Hamidiye ve Karabayir lokasyonlarinda 2014-2015
yetistirme doneminde tesadiif bloklar1 deneme desenine gore 4 tekrarlamali olarak yiiriitiilmiistiir. Ekimler, 5 m
uzunlugunda, 0.85 m genisligindeki parsellere metrekarede 500 tohum bulunacak sekilde parsel ekim makinesi ile
yapilmistir. Arastirmada, solvent tutma kapasitesi testleri (STK) ve gluten performans indeksi (GPI) 6zellikleri
aragtirtlmigtir.

Bugday 6rnekleri ilk olarak Buhler Labofix 90 mini temizleyicide (Brabender, Almanya) elendikten sonra 0.5
mm'lik bir eleklere sahip ultra santrifiijlii bir degirmende (Retsch ZM 200, Almanya) tam bugday unu ve %70.0
ekstraksiyon orani ile laboratuvar degirmeninde (Model CD1, Chopin) ise rafine beyaz un elde edilmesi igin
ogiitiilmiistiir. Ogiitmeden dnce, taneler bir gece boyunca %14.5 su igeriginde tavlanmistir.

Alkali su tutma kapasitesi testinden Slade ve Levine (1994) tarafindan uyarlanan (AACC, 2000, Ydntem 56-
10) ve yumusak bugday tanelerinin (Gaines, 2000) ticari pisirme performansini tahmin etmek i¢in kullanilan
solvent tutma kapasitesi (STK) testi AACC (2000) Yontem 56-11"e gore yapilmistir. Gluten performans indeksi
(GPI = Laktik asit STK / (sodyum karbonat STK + sakkaroz STK) (Kweon ve ark. 2011) STK degerinden
hesaplanmustir.

Denemeden elde edilen verilerde tesadiif bloklar1 deneme desenine gore birlestirilmis varyans analizi yapilmus,
daha sonra 6nemlilik gruplart incelenen 6zellikler igin ayr1 ayr verilmis, ortalamalar arasindaki farkin istatistiki
acidan énemli olup olmadigmin kontrolii; Steel ve Torrie (1960) tarafindan 6nerilen yonteme gére EKOF (En
Kiiciik Onemli Fark) testi ile MSTAT version 3.00/EM paket programinda yapilmustir.

3. Arastirma Sonuclari ve Tartisma

Yirmi dort yumusak ekmeklik bugday genotipi ile 2014-2015 yetistirme yilinda Eskisehir Hamidiye ve
Karabayir lokasyonlarinda yiiriitiilen arastirmada incelenen STK ve GPI igin yapilan varyans analiz sonuglarina
gore genotiplerin ortalama degerleri arasindaki farkliliklar istatistiki olarak dnemli bulunmustur (Tablo 2).

Tablo 2. Incelenen ozelliklere iliskin kareler ortalamalar degerleri
Table 2. Mean squares values for the traits examined

Varyasyon kaynaklari Lokasyon Genotip GxL

Tekrarlama (L) (G) Interaksiyonu Hata

SD 3 1 23 23 141
- ‘% Laktik asit 38.261 9033.111** 398.184%** 65.112%* 25.068
o g ’% S Sakaroz 12.583 3597.538 ** 49.637** 57.478** 11.106
g & &= Sodyum Karbonat 56.040 5765.179** 129.659%* 147.405%* 32.259
M Su 16.641 1483.464%* 26.600%* 15.278** 6.806
Gluten Performans Index 0.001 0.006* 0.014** 0.006** 0.001

SD: Serbestlik derecesi * ve **:0.05 ve 0.01 diizeyinde 6nemli

Tablo 2 incelendiginde, genotipler arasinda incelenen &zellikler bakimindan oldukea yiiksek varyabilite oldugu
goriilmektedir. Bu sonuglar, farkli yumusak bugday populasyonlarinda STK degerlerindeki varyasyonlarin genetik,
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cevresel ve isleme faktorleriyle ilgili oldugunu ileri siiren Guttieri ve Souza (2003) sonuglart ile desteklenmektedir.
Lokasyonlar arasindaki varyasyonun boyutu genotip ve interaksiyon varyaslarina oranla daha yiiksek olmasi
arastirma i¢in secilen lokasyonlar arasinda dnemli farkliliklar bulundugunu ve interaksiyon varyasinin oldukca
diisiik olmas1 da lokasyonlarm incelenen genotipler i¢in dogru se¢ildigini ve sayisinin yeterli oldugunu gésteren
bulgularimiz, Bassett ve ark. (1989), genotip ve lokasyon etkilerinin, yumusak bugday degirmencilik ve biskiivi
kalitesinde genotip x lokasyon interaksiyon etkilerinden en azindan bir kat daha biiyiik varyasyon kaynaklari
oldugunu bildirdikleri calisma sonuglart ile benzerlik gostermektedir. Bu nedenle, genotipler arasindaki

farkliliklar1 belirlemek amaciyla yapilan dnemlilik testi sonuglar1 Tablo 3’te verilmistir.

Tablo 3. Ekmeklik bugday genotiplerinin STK, GPI ve TV ortalamalar: ve onemlilik gruplar:

Table 3. SRC and GPI averages and significance groups of common wheat genotypes

Genotipler STK (%) GPI
Laktik asit Sakkaroz  Sodyum karbonat Su

BIS-1 105.70+£2.98 b-¢  80.64+2.61 fgh 85.70+3.69 b-h 60.43£1.59 c-h  0.64+0.009 abc
BIS-2 95.49+3.05 g-k  86.85+£2.43 ab  90.58+2.29 a-d 63.13£1.24 a-e  0.54+0.014 gh
BIS-3 108.83+1.28 abc  81.99+1.60 d-h 84.154+2.97 c-h 61.63£1.34b-g 0.66+0.016 a
BiS-4 108.9243.33 abc 86.67+2.52 abc 94.83+3.21 a 63.68+£2.04 a-d  0.61£0.024 b-f
BIS-6 112.83+3.44a  83.87+2.24 b-h 90.47+2.04 a-d 61.66+£1.94 b-g  0.65+0.013 ab
BIS-7 108.71+3.00 abc  83.39+2.64 b-h 88.50+3.94 a-f 62.76£1.36 a-f  0.64+0.015 abc
BIS-8 99.5843.89 e-1  81.46+£0.91 e-h 81.97+2.24 e-h 60.27£1.12d-h  0.61£0.014 b-f
BIS-9 99.61+2.61 e-1  84.01£1.56 b-h 84.31£1.86 c-h 61.62+0.71 b-g  0.5940.019 c-f
BiS-11 93.33£2.03 yk = 81.55+£0.59 e-h 82.11+1.04 e-h 61.27£0.98 b-h  0.57+0.017 efg
BiS-12 110.62+2.23 ab  83.96+1.50 b-h 86.78+2.86 b-h 64.39+1.47ab  0.65+0.006 ab
BiS-13 86.68+£3.58 1 89.29+2.31a  89.054+2.33 a-e 63.48+1.46 a-d  0.49+0.013 i
BiS-14 106.69+3.31 a-d  84.95+2.31 a-f 85.38+2.95 b-h 61.91+1.45a-g 0.63+0.010 a-d
BIS-16 94.74+3.52 h-k  82.51£1.29 b-h 85.56+1.62 b-h 63.23+1.05a-e  0.56+0.024 fgh
BiS-17 98.80+3.32 fj  82.80+1.10 b-h 86.92+2.01 b-h 59.61£1.16 fgh  0.58+0.024 d-g
BIS-18 102.38+2.37 ¢c-f  82.31£1.70 c-h 83.58+3.97 d-h 60.38+1.44d-h  0.62+0.018 a-e
BIS-19 92.53£1.68 jkl  79.98+0.97h  81.43+1.31 fgh 58.18+£0.81 h 0.5740.006 e-h
BiS-21 108.35+3.64 abc  86.15+2.19 a-d 90.38+2.50 a-d 63.85+£2.24 abc  0.62+0.015 a-e
BiS-22 100.75+£1.97 d-h  86.60+1.52 abc 91.97+3.81 ab 62.71£1.29 a-f  0.57£0.017 fgh
BiS-23 101.6442.62 d-g 79.95+0.82h  80.51£1.61 gh 59.81£1.13 e-h  0.64+0.015 abc
BiS-24 109.99+£3.17 ab  86.2442.64 a-d 91.4843.31 abc 65.14+£2.47 a 0.62+0.015 a-d
Hat ortalamasi 102.31 81.57 86.78 61.96 0.60
Gerek 79 95.2442.24 g-k  80.36+£1.23 gh 79.52+1.40 h 58.71£0.74 gh  0.60+0.011 c-f
Carisma 91.46+£3.50kl  84.66+2.82 b-g 87.27+3.41 b-g 63.19+1.35a-e  0.53+0.014 hi
Bayraktar 2000 99.98+3.44 e-h  85.55+1.22 a-e 89.96+2.35 a-d 63.08+1.56 a-e  0.57+0.015 fgh
Artico 99.95+3.55e-h  83.07+£2.26 b-h 89.25+£2.19 a-¢ 63.03£1.95 a-f  0.58+0.009 d-g
Standart ortalamasi 96.66 83.41 86.49 62.00 0.57
EKOF (.01 6.606 4.397 7.494 3.442 0.048

Laktik asit gluten kalitesinin indikatoriidiir ve fonksiyonel proteinler (glutenin) ile ilgili bilgiler saglamaktadir
(Slade ve Levine, 1994; Gaines, 2000; Guttieri ve ark., 2001). STK testleri ile vizkozitenin kaynaginin protein
ozelliklerinden (laktik asit STK gibi) kaynaklanip kaynaklanmadig1 hakkinda bilgiler saglanmis olur (Guttieri ve
ark. 2001; Karaduman, 2020). Ayrica laktik asit STK yiiksek kalitim derecesine sahip olmasi (Zhang ve ark., 2008)
giivenilir oldugunu da gostermektedir. Biskiivilik ve kurabiyelik unlar i¢in laktik asit STK degerlerinin %85-100
arasinda olmas1 onerilmektedir (Anonim, 2020). Laktik asit STK degerleri %85'in altinda olanlar "zay1f" yumusak
cesitler ve %105 veya %110'un iizerindekiler "gilicli" gluten yumusak cesitler olarak tanimlanmaktadir (AACC,
2009). 2014-2015 yetistirme donemi siiresince iki lokasyonda yiiriitiilen denemelerden elde edilen genotiplerin
birlestirilmis laktik asit STK ortalamalar1 %86.68 ile %112.83 arasinda degismistir (Tablo 3). lyi bir biskiivilik
bugdayda laktik asit STK degerlerinin %87’den daha diisiik olmasi gerektigi belirtilmistir (Souza ve Kweon, 2010).
Hatlarin laktik asit STK degerleri standartlarinkinden yiiksek oldugu belirlenmistir. Hatlar arasinda en yiiksek
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laktik asit STK ortalamalarim BIS-6 (%112.83) ve BiS-12 (%110.62) genotipleri vermistir. En diisiik laktik asit
STK ortalamasi ise BIS-13 (%86.68) genotipinde belirlenmistir. Bu genotipi Carisma (%91.46) cesidi izlemistir.
Diger hatlar arasinda, BiS-19, BiS-16, BiS-11 ve BiS-2 genotipleri laktik asit STK ortalamalar1 bakimindan diisiik
degere sahip olmustur. Duyvejonck ve ark. (2011), 19 adet ticari bugday cesidi ile yiiriittiikleri arastirmalarinda
laktik asit STK degerlerinin %106-147 arasinda degistigini, Karaduman (2013) ise ileri kademedeki segilmis
yumusak bugdaylarda laktik asit STK degerinin %100-143.5 arasinda degistigini agiklamistir. Arastirmacilarin
elde ettigi bu sonuglar bulgularimizi desteklemektedir.

Sakkaroz STK gliadinlerin indikatérii olup, pentozanlar ile iligili bilgiler vermektedir (Slade ve Levine, 1994;
Gaines, 2000; Guttieri ve ark., 2001). Pentozan, bugdayin son kullanim kalitesini etkileyen, nisasta icermeyen bir
polisakkarit olarak bilinir (Saeed ve ark., 2014). Sakkaroz STK’nin dnemli derecede genotipten etkilendigi ve
yiiksek sakkaroz STK degerlerinin yiiksek pentozan igeriginden kaynaklanmis olabilecegi ifade edilmektedir
(Bettge ve ark., 2002). Ayrica, sakkaroz STK testi ile vizkozitenin kaynaginin pentozan olabilecegi hakkinda da
bilgi elde edilebilmektedir (Guttieri ve ark., 2001). Biskiivi ve kurabiye yapiminda kullanilacak yumusak bugday
unlarmin %80-110 arasinda bir sakkaroz STK degerlerine sahip olmast istenir (Anonim, 2020). Sakkaroz STK
degerleri, laktik asit STK'deki her %5'lik artis i¢in %1 artmaktadir (AACC, 2009). Daha yiiksek sakkaroz STK
gluten hidrasyonundan ve suda ¢oziiniir arabinoksilanlarin sigmesinden kaynaklanmamasindan dolay1, iiretimde
daha yiiksek bir laktik asit STK'nin gerekli oldugu unlarda hedef deger olan %95 asilabilir (AACC, 2000).
Aragtirmanin yiriitiildigii iki lokasyondan elde edilen birlestirilmis sakkaroz STK ortalama degerleri %79.95
ile %89.29 arasinda degismistir (Tablo 3). Hatlarin sakkaroz STK degerleri ortalamasi standart gesitlerin
ortalamasindan diisiik olmustur. Hatlar arasinda BiS-1, BIS-3, BIS-8, BiS-11, BiS-16, BiS-17, BiS-18, BiS19 ve
BIS-23 genotipleri diger hatlara gore daha diisiik sakkaroz degerleri vermislerdir (< %83.0). Iyi bir biskiivilik
bugdayda sakkaroz STK degerinin % 89.0” dan daha diisiik olmasi gerektigi bildirilmistir (Souza ve Kweon, 2010).
Bulgularimiz, yapmis oldugu c¢alismada ileri kademedeki secilmis yumusak bugdaylarda sakkaroz STK
degerinin %80.7-92.0 arasinda degistigini belirleyen Karaduman (2013)’1n bulgulariyla benzerlik géstermektedir.

Sodyum Karbonat STK, molekiiliin su baglama kapasitesini artiran nisasta polimerlerinin uglarini iyonize eden
oldukga alkali bir ¢ozeltidir. Ogiitmeden kaynaklanan nisasta hasari arttik¢a artis gosteren Sodyum karbonat STK,
nisasta hasarinin bir indikatoriidiir ve dolayli olarak da tane sertligi hakkinda bilgi vermektedir (Slade ve Levine,
1994; Gaines, 2000; Guttieri ve ark., 2001). Iyi 6giitiilmiis yumusak cesitlerde biskiivi ve kurabiye yapim igin
sodyum karbonat STK degerlerinin %60-85 arasinda olmasi gerekmektedir (Anonim, 2020). Bazi arastirmacilar
ise sodyum karbonat STK degerinin <%72 olmas1 gerektigini belirtilmislerdir (Slade ve Levine, 1994; Gaines,
2000). Arastirmamizda elde edilen birlestirilmis ortalama sodyum karbonat STK degerleri %79.52 ile %94.83
arasinda degismistir (7ablo 3). Hatlarin sodyum karbonat STK degerleri ortalamalart ile standart gesitlerin sodyum
karbonat STK degerlerinin benzer oldugu belirlenmistir. Gerek 79 ¢esidi en diisiik ortalama degere sahip olmustur.
Bunu sirasiyla BiS-23, BiS-19 BiS-8, BIS-11 ve BiS-18, ve genotipleri izlemistir. Duyvejonck ve ark. (2011), 19
adet ticari bugday cesidi kullanilarak yaptiklari arastirmalarinda, sodyum karbonat STK degerlerinin %74-88
arasinda; Karaduman (2013) ise ileri kademedeki seg¢ilmis yumusak bugdaylarla yiiriittiigii arastirmasinda sodyum
karbonat STK degerlerinin %69.9-83.8 arasinda degistigini belirlemistir. Arastiricilarin elde ettigini bu sonuglar,
bulgularimiz1 desteklemektedir.

Su STK, biitiin bilesenlerin olusturdugu su absorbsiyonun genel bir indikatoriidiir (Slade ve Levine 1994,
Gaines 2000, Guttieri ve ark. 2001). Biskiivi ve kraker liretimi i¢in kisaltilmig pisirme siireleri gerektiginden, diisiik
su tutma ozelligine sahip yumusak bugday unlarinin iistiin kaliteye sahip oldugu kabul edilir, bu da daha yumusak
iiriinler ve daha diigiik iiretim maliyetleri anlamina gelmektedir (Slade ve Levine, 1994). Biskiivi, kurabiye, kek
ve kraker yapimi i¢in hedef su STK degerleri laboratuvar tipi degirmenlerde %50 ile %70 arasinda degismektedir
(Anonim, 2020). Aragtirmamizda, genotiplerin ortalama su STK degerleri %58.18 ile %65.14 arasinda degismistir
(Tablo 3). En diisiik ortalamay1 BIS-19, Gerek 79 gesidi, BIS-17 ve BIS-23 vermistir (<%60.0). Duyvejonck ve
ark. (2011), 19 adet ticari bugday ¢esidinde su STK degerlerini %56-66 arasinda; Karaduman (2013) ise ileri
kademedeki segilmis yumusak bugdaylarda su STK degerlerini %46.9-66.0 arasinda bulmuslardir. Sonuglarimiz,
bu arastirmacilarin bulgulari ile uyum i¢indendir.

Gluten performans indeksi (GPI), bugday unundaki glutenin genel performansini tahmin etmek icin genellikle
STK verileri kullanilarak 6l¢iilmektedir. Bu bilgiler genellikle farkli kimyasal ve fonksiyonel 6zelliklere sahip sert
ve yumusak bugday unlarimi siniflandirmak i¢in kullanilir. Bir STK parametresi olan GPI'nin, diger modiile edici
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un polimer aglarimim ortaminda un gluteninin genel performansinin iyi bir belirleyicisi oldugu bildirilmistir. Daha
yiiksek laktik asit STK degerleri ve daha diisiikk sodyum karbonat STK degerleri ile un ekstraksiyon oraninin
artmas1 GPI degerlerinin de artigina neden olmaktadir (Kweon ve ark., 2011). GPI degerlerinin sert ekmeklik
bugdaylar i¢in minimum 0.75 (Anonim, 2020) ve kraker yapimi i¢in 0.60’tan yiiksek olmasi Onerilmektedir
(AACC, 2009). Dolayisiyla biskiivi ve kurabiye i¢in daha yumusak yapidaki unlar istendiginden GPI degerlerinin
bu degerlerden daha diisiik olmasi beklenebilir. GPI bakimindan denemeye alinan genotipler 0.49 ile 0.66 arasinda
degisen ortalamalara sahip olmuslardir. En diisiik GPI degeri BIS-13 hattindan elde edilmistir. Sirasiyla BIS-2,
BIS-16, BiS-22, BiS-19, BiS-11, 17 ve BiS-9 diisiik GPI degerine sahip diger hatlar olmustur (<0.60). Yumusak
ekmeklik bugdaylarda yaptiklar1 caligmalar sonucunda Ma ve Baik (2018)’in 0.43 ile 0.73 arasinda, Jeon ve ark.
(2019)’nin 0.52 ile 0.69 arasinda ve Siddiqi ve ark. (2020)’nin 0.46 ile 0.59 arasinda belirledikleri GPI degerleri
bulgularimizi destekler niteliktedir.

4. Sonug

STK testleri igin dnerilen referans degerlere ve GPI degerlerine gore yapilan degerlendirmeler sonucunda; BiS-
19 en iyi biskiivilik kalite performansina sahip cesit aday1 olabilecek hat oldugu belirlenmistir. Bu hattin, tescile
sunulmadan o6nce tescil dncesi verim denemelerine alinarak tescile bagvurulmasinin uygun olacagi sonucuna
varilmistir. BIS-2, BiS-11, BiS-13 ve BiS-16 hatlarmin biskiivilik kalite performanslar1 bakimindan iimitvar
oldugu ve tekrar verim denemelerine alinmasinin dogru olacagi anlasilmistir. Ayrica, BIS-9, BiS-17, BIS-22 ve
BIS-8 ise biskiivilik kalitesi yoniinden 1slah ¢aligmalarinda degerlendirilebilecek diger {imitvar hatlar olmustur.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Variability in Ambient Conditions During Cold Storage of Aronia
Fruits

Aronya Meyvesinin Soguk Depolanmasi Sirasinda Ortam Kosullarindaki Degiskenligin
Belirlenmesi

Serap AKDEMIR
Abstract

In this research, temperature and relative humidity in a cold store with an evaporative cooling system were
investigated during one-month cold storage of Aronia melanocarpa Nero fruits. Ambient temperature and relative
humidity were measured by sensors at 36 points for different levels (top, medium and base level). The research
was carried out in accordance with the randomized plot design for the purpose of storing Aronia melanocarpa in a
cold store at +3°C for 1 month. The results were evaluated by using variance analyses and descriptive statistics.
In addition, spatial variability maps were created for evaluating of temperature and relative humidity variation at
different levels. Variation of the temperature was determined between 3.40°C and 5.32°C for top level, 3.80°C and
5.49°C for middle level and 3.92°C and 5.51°C for base level at 3°C storage temperature. Coefficient of variations
was determined as 11.47% for top level, 11.48% for middle level and 7.10% for bottom level for temperature. The
relative humidity values were changed between 74.00% and 88.09%. Mean coefficient of variation of the relative
humidity varied between 3.22% and 4.43%. According to the results; distributions of the temperature and relative
humidity for different levels were not uniform. Reason of high variability between measurement of the temperature
and the relative humidity for different levels in the cold store was the distribution of the cold air. The cold air was
ventilated by an evaporator and distributed according to the design of the cold store (dimensions, shape, and
materials) and placement of fruit cases. Different storage conditions were determined at different levels in the
cold store during storage of Aronia fruits in this research. In addition, there is generally one temperature/relative
humidity sensor located back of the door inside the cold store used to control the cooling system. Measurement of
the temperature and relative humidity from one point in a cold store is not enough to give an idea about the ambient
conditions of the cold store. When storing agricultural products, the use of more temperature/relative humidity
sensors in the cold store will enable the actual situation of the temperature and relative humidity values to be taken
into account to control the operation of the cooling system. Additional cold air distribution systems such as
ventilator, air curtains and placement of fruit cases may help to improve air distribution and decrease the spatial
variability of the storage conditions in the cold store.
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Oz

Bu arastirmada, Aronia melanocarpa Nero meyvelerinin, evaporatif sogutma sistemli bir soguk hava deposunda 1
ay boyunca depolanmasi sirasinda, ortam sicakliginin ve bagil nemin farkli seviyelerdeki degisimi arastirtlmstir.
Depolama sirasinda ortam sicakligi ve bagil nemi farkli seviyelerde (iist, orta ve alt seviyelerde) 36 noktada
sensorler ile Olglilmiistiir. Arastirma, aronya melanocarpa meyvelerinin +3°C da soguk hava deposunda
depolanmasi amaciyla tesadiif parselleri deneme desenine uygun olarak 1 ay siirdiiriilmistiir. Arastirma sonuglari
varyans analizi ve tanimlayici istatistikler kullanmilarak degerlendirilmistir. Ayrica, soguk hava deposunun farkl
seviyeleri i¢in ortam sicaklifi ve bagil nemin mekansal degiskenlik haritalar1 degiskenligin grafiksel olarak da
degerlendirilmesi i¢in olusturulmustur. Sicaklik degisimi, list seviye i¢in 3.40°C ile 5.32°C, orta seviye i¢in 3.80°C
ile 5.49°C ve taban seviyesi igin 3.92°C ile 5.51°C arasinda saptanmistir. Soguk hava deposunda iist, orta ve alt
seviyeler igin varyasyon katsayilar1 sirastyla %11.47, %11.48 ve %7.10 olarak belirlenmistir. Bagil nem %74.00
ile % 88.09 arasinda degismistir. Bagil nem varyasyon katsayis1 %3.22 ile %4.43 arasinda degismistir. Arastirma
sonuglarma gore; aronya meyvelerinin depolandigi soguk hava deposunda, farkli seviyelerdeki diizlemler igin
ortam sicaklig1 ve bagil nemin konuma bagh dagilimi tekdiize degildir. Soguk hava deposundaki farkl seviyelerde
sicaklik ve bagil nem 6lgiimleri arasindaki yiliksek degiskenligin nedeni, soguk havanin dagilimidir. Soguk hava,
bir evaporator tarafindan depo icine gonderilmektedir ve soguk deponun tasarimi (boyutlar, bi¢im ve malzeme) ve
meyve kasalarinin depo icinde yerlesimine gore dagilmaktadir. Bu arastirma galismasinda; Aronia meyvelerinin
muhafaza edilmesi sirasinda soguk depoda farkli seviyelerde farkli depolama kosullar1 belirlenmistir. Ayrica,
sogutma sistemini kontrol etmek igin kullanilan soguk hava deposunun iginde, genellikle kapinin arkasina
yerlestirilmis bir sicaklik/bagil nem sensdrii bulunur. Soguk hava deposunda bir noktadan sicaklik ve bagil nemin
Olgiilmesi, soguk hava deposunun ortam kosullar1 hakkinda fikir vermek i¢in yeterli degildir. Tarim iriinleri
depolanirken, soguk depoda daha fazla sicaklik/bagil nem sensoriiniin kullanilmasi, sogutma sisteminin
caligmasini kontrol etmek i¢in dikkate alinan sicaklik ve bagil nem degerlerini gercek durumunun belirlenmesini
saglayacaktir. Vantilator, hava perdeleri gibi ek soguk hava dagitim sistemlerinin kullanilmasi ve meyve
kasalarinin yerlesimi, hava dagilimimi iyilestirmeye ve soguk depodaki depolama kosullarinin mekansal
degiskenligini azaltmaya yardimci olabilir.

Anahtar Kelimeler: Aronya, Soguk depolama, Evaporatif sogutma, Ortam kosullari, Yersel degiskenlik
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1. Introduction

Cold storage is one of the important process after harvesting of agricultural products. Cold storage conditions
affect directly quality and quantity of stored products. There are different cooling systems such as evaporative
cooling systems and chiller cooling system. In addition, size, shape, pressure inlets, suction outlets, door and
construction of the construction are also important for cold storage. The cooling system determines distribution of
the temperature and relative humidity in the cold stores. Type, size and placement of the storage cases determine
distribution of the ambient factors such as air velocity, temperature and relative humidity in a cold store. Another
factor is cold stored product for creating effect on the distribution of the storage factors in a cold store. The design
of the cold store, type of the cooling system, cold storage boxes/cases and stored products have effect on storage
conditions. Because of all these factors is important for cold storage. In this research, ambient temperature and
relative humidity of a cold store were investigated during the cold storage of Aronia melanocarpa Nero variety
fruits.

Black chokeberry (Aronia melanocarpa (Michx.) Elliott) belongs to the Rosaceae family, subfamily Maloideae,
and is a deciduous shrub originating from the eastern part of North America (Persson et al., 2004; Ochmian et al.,
2012). Aronia is a berry species. It consists of with its high antioxidant capacity and anthocyanin content (Karadal
et al., 2019). Aronia melanocarpa is a source of bioactive compounds. Fresh chokeberry fruits are generally used
for juices, nectars, syrups, jams, preserves, wines, tinctures, fruit desserts, jellies, fruit teas and dietary supplements
(Sidor and Gramza-Michatowska, 2019). The Aronia fruit has more antioxidants than blueberries, acai berries and
goji berries. It is used from juices to powdered supplements to baby food (Kashian et al., 2016). The composition
and properties of aronia berries also depend on their cultivar. “Nero,” “Galicjanka,” “Viking,” “Fertodi,” “Hugin,”
and” “Aron” are popular varieties in Europe (Borowska and Brzoska, 2016). Chokeberry products consists of 27
polyphenolic compounds, 7 anthocyanins, 11 flavanols, 5 phenolic acids, 3 flavan-3-ols and 1 flavanone according
to the results of a research. In addition, derivatives of three anthocyanin were determined (Oszmianski and
Lachowicz, 2016). Aronia berries and leaves are rich in total polyphenol and flavonoid content that enables the
plant to register higher antioxidant activity in comparison to many other culinary herbs and medicinal plants in
use (Shahin et al., 2019). Berries can be processed into many values added products giving a boost to the local
economy. Possible usage of black chokeberry for protection against unfavourable health effects of substances was
evaluated. According to the evaluations; fruit and the leaves of Aronia melanocarpa and their products may be
effective for prevention and treatment of the effects of toxic action of some xenobiotics in humans (Borowska and
Brzoska, 2016). The influence of storage temperature and period on the phytochemical content and antioxidant
activity of aronia was investigated in a research. The total polyphenol and flavonoid contents of aronia extract
were found to be 308.48 pg gallic acid equivalent/g dry weight and 5.33 pg quercetin equivalent/g dry weight,
respectively. Long-term storage of Aronia at 4°C reduced the levels of health promoting compounds (Hwang and
Yeom, 2019). Aronia fruits can both be processed and consumed freshly, and sold at quite good prices, the interest
for Aronia production keeps growing. It shows high resistance to frost, mechanized harvesting, damage during
transportation and cold storage. Due to these advantages, popularity of chokeberry has increased recently (Wawer,
2006).

Aronia industry is considered to grow with the increase of its production in Turkey (Engin et al., 2016; Engin
and Boz, 2019). Aronia berry (Aronia melanocarpa) is native to North America. Aronia is being cultivated
commercially in Europe. First studies began in Atatiirk Horticultural Central Research Institute in 2012 in Turkey.
Commercial cultivation began in 2017 with the establishment of larger orchards particularly in Marmara and Black
Sea Regions in Turkey. The optimum harvest dates were determined for ‘Nero’ and ‘Viking’ Aronia cultivars. The
second week of September was determined as optimum harvest time for ‘Nero’ and ‘Viking’ Aronia cultivars
(Engin and Mert, 2020).

Distribution of temperature, relative humidity and air velocity were determined for different storage
temperatures such as 0°C, 1°C, 2°C and 3°C in a store. Spatial variability maps were created. Storage temperature
and the relative humidity were not uniform in the cold store (Akdemir and Arin, 2006). Temperature variation in
cold store can be minimized with adequate air circulation. Most stores are designed to provide an airflow of
0.3m>min"! per ton of stored product. This is needed to cool product to storage temperature and also may be needed
if the product has a high respiration rate (Arkema et al., 1999). Air velocity should be 0.2ms™'. Its mean is
equivalent velocity to change empty volume of cold store for 25-30 times per hour (Cemeroglu et al., 2001). An
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improved internal structure was proposed to improve the distribution of cooling capacity in refrigerated container
in a research. The velocity and temperature of the previous refrigerated container and the improved refrigerated
container were obtained and compared. The cold airflow distribution in the improved refrigerated container was
more uniform. The cooling performance of the two refrigerated containers were also obtained. The variation of
temperature distribution was within +1°C and the cooling time was also reduced by at least 22.9% in the improved
refrigerated container (Jiang et al., 2020). A Computational fluid dynamics (CFD) model was developed, validated
and used to analyse cooling characteristics of two different package designs used for postharvest handling of
pomegranate fruit. The model incorporated geometries of fruits, packaging box, tray and plastic liner. The accuracy

of the model to predict airflow and temperature distributions were validated against experimental data. The model
predicted airflow through the stacks and cooling rates within experimental error. Stack design markedly affected
the airflow profile, rate and uniformity of cooling. Profile of high and low temperature regions depended
considerably on packaging box design (Ambaw et al., 2017). An experimental investigation of airflow field,
temperature characteristics (fruits and air), convective heat transfer coefficient, half cooling time and weight loss
measurement of fruits loaded in crates inside the cold room was carried out. Results showed significant cooling
heterogeneity inside the cold room during the cooling period. The maximum cooling heterogeneity identified along
the length of the cold room (Bishnoi and Aharwal, 2020). Temperature and relative humidity distribution in an
experimental cold store fully loaded with apples were investigated with experimental and numerical methods. An
unsteady three-dimensional computational fluid dynamics model was developed to assess the distribution of
temperature and relative humidity in a cold store fully loaded with apples. Relative error of the model was
calculated 13% for temperature and 1.43% for relative humidity (Akdemir and Bartzanas, 2015). Computational
Fluid Dynamic (CFD) method was also used to estimate ambient conditions of tractor cabin. (Akdemir et al., 2016).
Spatial variability of ambient temperature, relative humidity and air velocity in an empty cold store were
determined by using management zone analysis methods. The measured data were analysed by MZA software
which performed fuzzy clustering to delineate the full cold storage, half full cold storage and empty cold storage.
In addition, Surfer mapping software was utilized to create the maps of the measured parameters. The results
indicated that there was significant spatial variation of the basic storage parameters such as ambient temperature,
relative humidity and air velocity in the cold storage, which denotes the significance of management zones
delineation in these facilities so as to maximize the storage (Akdemir and Tagarakis, 2014).

In this research; Aronia melanocarpa Nero variety fruits were stored in a cold store has an evaporative cooling
system. Temperature and relative humidity in the cold store were measured for different levels during storage.
Temperature and relative humidity were measured by Testo 177H1 sensor. Measurements were realized for top,
medium and base level of the cold store. The spatial variability maps of the temperature and relative humidity
were created for when Aronia fruits stored. In addition, statistical analyses were applied to compare spatial
distribution of different levels.

2. Materials and Methods
2.1. Cold store

The cold store has an evaporative cold store. The evaporative cooling system consists of compressor, condenser
and evaporator. Cold air was ventilated in the cold store by evaporator. Its volume was 392 m? (11.85 x 7.75 x4.27 m)
(Figure 1). Specifications of the cooling system was given in 7able 1. Cooling system performance was given in Table
2.

Table 1. Specifications of the cooling system

Specifications Value

Refrigerant R404A

Evaporation temperature (°C) -10.0

Condensation temperature (°C) 45.0

Reference temperature (°C) Dew point temperature
Suction gas temperature (°C) 20.0

Evaporator outlet temperature (°C) 20.0

Liquid subcooling (K) 0.0
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3
4
.

Figure 1. General view and dimensions of the cold store

Table 2. Cooling system performance

Evaporator Compressor
Cooling capacity (W) 18310 18310
Power absorbed (kW) 8.37 8.37
Total heat removed (kW) 26.67 26.67
Coefficient of Performance (COP) 2.19 2.19
Mass flow quantity (kgh™') 550.1 550.1
Compression temperature (°C) 88.9 88.9

2.2. Aronia

Chokeberry (black chokeberry) is a species with lower cultivation requirements within Rosaceae family. It is
cultivated also in East European countries and Germany (Kulling and Rawel, 2008). In this research; Aronia
melanocarpa Nero variety chokeberry was cold stored (Figure 2).

Figure 2. Aronia melanocarpa (Anonymous, 2021)

2.3. Sensors

The temperature and relative humidity were measured during cold storage of the Aronia melanocarpa. Testo 177
H1 data loggers were used to measure temperature and relative humidity. Measurement limits and accuracy of sensors
were -20°C and +100°C and accuracy + 1% for temperature, 0 - 100% RH and accuracy were 2% for relative humidity.

2.4. Experimental design

Aronia Melanocarpa Nero variety was stored for 5 weeks (14th September 2021 and 17th October 2021).
Temperature was set as 4°C for cold storage. Humidification was not applied during cold storage. Aronia melanocarpa
fruits were cold stored in plastic cases and carton boxes. Aronia fruits were in nets and located in the carton cases
during cold storage (Figure 3).

Total amount of the cold stored Aronia melanocarpa was 21000 kg. It was cold stored in plastic and carton cases.
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T 880N

Figure 3. Plastic and carton cases

2.5. Ambient temperature and relative humidity measurements

Temperature and relative humidity were measured from cold store and in the plastic cases for 3 different levels
(bottom, middle and top level). Measurements were realized from 12 points (4 in length and 3 points in width of the
cold store) for each level and for 3 levels as top, middle and base level. Temperature and relative humidity were
measured from 36 points (Figure 4) (Akdemir and Bal., 2014). The distances between measurements were 2m in width,
2.5 min length and 0.5 m in height of the cold storage boxes.

TOP LEVEL

MIDDLE LEVEL

BASE LEVEL

Figure 4. Measurements points and sensors in the cold store

The measured data of the ambient temperature and relative humidity were evaluated by using descriptive statistics
such as mean, minimum, maximum, standard deviation (SD) and coefficient of variation (CV%). In addition, the results
were compared by statistically. The experiment was designed as 3 factor factorial design in 4 replications and variance
analysis and F test were used to compare differences between factors and their interactions. According to the F test,
Duncan grouping test was used for grouping of the significant factors and interactions. SPSS statistical software was
used for variance analysis and MSTAT software for grouping of the significant factors and interactions. If effect of
main and interactions of ambient temperature and relative humidity were found statistically significant, Duncan
grouping test were used. Standard error of means for main factor and their interactions were also given for Duncan
grouping tests (Soysal, 2000; Soysal and Gurcan, 2012).

2.6. Producing of Spatial Variability Maps

Spatial variability maps of the temperature and relative humidity for storage of the Aronia melanocarpa Nero fruits
in the cold store with evaporative cooling system.

Surfer Graphic Programme was used to create maps. Measured data arranged in a file to use by Surfer Programme.
Surfer Programme created grid data files. The grid data files were used to create contour maps. The maps were
investigated to determine changing of the temperature, air velocity and relative humidity in the cold store (Akdemir
and Blackmore, 2004).

3. Results and Discussion

3.1. Ambient temperature

Measured temperatures values for different levels and descriptive statistics were given in Table 3.

Variation of the temperature of the cold store at 3°C storage temperature changed between 3.40°C and 5.32°C for
top level, 3.80°C and 5.49°C for middle level and 3.92°C and 5.51°C for base level. Mean Coefficient of variations of
top, middle and bottom level at the cold store were determined ad 11.47%, 11.48 % and 7.10%, respectively.
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Table 3. Ambient Temperature (°C)

Top Level Medium Level Base Level
Width Width Width

Length 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 5.14 4.84 511 5.03 525 399 398 440 515 515 515 515
2 3.97 4.22 381 4.00 525 515 418 4.86 518 515 515 5.16
3 3.91 4.22 498 437 3.99 399 399 399 417 515 515 4.82
4 4.26 4.22 430 426 3.99 399 399 399 515 399 515 4.76
Mean 4.32 4.37 455 441 458 430 410 433 489 489 514 497
Min. 3.60 3.86 3.40 - 3.80 392 392 - 410 392 5.03 -
Max. 5.32 5.28 5.27 - 5.49 523 523 - 551 523 523 -
SD 0.50 0.43 059 0.51 0.66 053 031 050 046 051 0.08 035
CV(%) 11.60 9.91 12.89 11.47 1448 1244 752 11.48 949 1032 150 7.10

Spatial distribution maps of the ambient temperature were given in Figure 5 for top, middle and base level of the
cold storage boxes.

TOP LEVEL

BASE LEVEL

%°c)

1
2 3 1 2

Figure 5. Spatial distribution maps of the ambient temperatures

Variation of the ambient temperature of the cold store at 3°C storage temperature changed between 3.5°C and 5.0°C
for top level, 3.5°C and 5.5°C for middle level and base level. There were 3 or 4 different cold zone for the stored fruits.
There were important heterogeneities of the spatial distribution of ambient temperature for different levels. There were
different storage conditions for cold stored Aronia fruits located at different levels of cold store. The spatial variability
was also an indicator of unevenness of cold air distribution affected by cooling system, cold store construction (size,
geometry, materials), storage boxes and cold stored product. Variance analysis of the measured temperature data was
given in Table 4.

Table 4. Variance analysis of measured ambient temperature (°C)

Source Sum of Squares Degree of Freedom Mean Square F Sig.
Levels 12.150 2 6.075 119.992  0.000
Width 0.321 2 0.160 3.168  0.046
Length 6.522 3 2.174 42.937  0.000
Level * Width 3.627 4 0.907 17.910  0.000
Level * Length 8.219 6 1.370 27.055  0.000
Width * Length 7.270 6 1.212 23.932  0.000
Level * Width * Length 4.900 12 0.408 8.066  0.000
Error 5.468 108 0.051

Total 3047.317 144

According to the variance analysis; differences between temperature values for levels (F=119.992, a=0.001), width
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(F=3.168, 0=0.046), and length of the levels (F=42.937, a=0.001) and all interactions were also found statistically
important. Main factors and interaction were grouped for a= 0.05 significant levels by Duncan test. Standard error and
Duncan test results of main factors (Levels, width and length) and interactions between main factors (level x width,
level x length, width x length, level x with x length) were given in Table 5 and Table 6, respectively.

Table 5. Standard error of means for main factors and interactions

Level Width  Length Levels Level Width  Level x Width x

X X X Length
Width Length  Length
Standard Error 0.02053 0.03283 0.12379 0,11885 0.09511 0.13031 0.09249
of Means
Table 6. Duncan Test Results for Ambient Temperature (°C)
Levels Width Length Mean
(Level)
1 2 3 4 Mean
1 5.14 ab 397cde 3.91de 4.26 cd 4.32d
1 (Top) 2 484Db 422 cd 422 cd 422 cd 4.37d 441 B
3 5.11 ab 38le 4.98 ab 430¢ 4.55 ¢
Mean 5.03 ab 4.00 e 4.37d 4.26 d
(Level x Length)
1 525a 525a 399cde 3.99cde 4.62c¢
2 (Medium) 2 399cde 5.15ab 399cde 3.99cde 4.28d 43C
3 398cde 4.18cde  3.99cde 3.99cde 4.03e
Mean 4.40d 4.86 bc 3.99e¢ 399e¢
(Level x Length)
1 5.15 ab 5.18 ab 4.17cde 5.15ab 491 b
3 (Base) 2 5.15 ab 5.15 ab 5.15 ab 399cde 4.86b 497 A
3 5.15 ab 5.15 ab 5.15 ab 5.15 ab 5.15a
Mean 5.15a 5.16 a 482 ¢ 4.76 ¢
(Level x Length)
Means 1 5.18a 480Db 4.02¢ 4.46d 4.61 A
(Width x Length) 2 4.66 bc 4.84Db 445d 4.06 ¢ 4.50 A
3 475b 4.38d 470 b 4.48 cd 4.58 A
Mean (Length) 4.86 A 4.67 B 4.39C 4.33

According to the Table 5 and Table 6; effect of levels on the ambient temperature variability was determined as
different group (Sz=0.02053, 0=0.05). Minimum ambient temperature was determined as 4.31°C in the middle level.
Its means is evaporative cooling system and placement of cold storage cases affected distribution of the ambient factors.
Storage temperature was not same for all levels. Even there were differences between ambient temperature
measurements for widths, mean values were evaluated in the same group (Sx=0.03283, a=0.05). Significant level was
calculated as 4.6%. It is close to 5% significant level used generally for grouping of the statistically significant factors.
Duncan test did not evaluate as different group for 0=0.05 level because of 4.86% as significant level is close to 5%.
Differences between ambient temperature measurements for length were statistically important. The ambient
temperature measurements for length were classified in 3 groups by Duncan test (Sx=0.12379, a=0.05). First
measurement point of the length close to the evaporator was the first and the highest temperature measured for this
point. Temperature was smaller than 3 and 4 measurement points located far away from evaporator. Effect of main
factors on variation of the ambient temperature were important consequently their interactions effects were fount
statistically important on the ambient temperature. Levels x Width interactions were classified in 5 groups (Sx=0,11885,
a=0.05), Levels x Length (Sx=0.09511, a=0.05) and Width x Length interactions (Sx=0.13031, a=0.05) in 7 groups
and Level x Width x Length interactions in 9 groups (Sx=0.09249, a=0.05) after Duncan Grouping tests.

3.2. Relative humidity

Measured relative humidity values for different levels and descriptive statistics were given in Table 7. Variation of
the relative humidity changed between 75.73% and 88.09% for top level, 74.00% and 86.70% for middle level and

312




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19 (2)

74.13% and 85.64% for base level. Mean Coefficient of variations of top, middle and bottom level at the cold store
were determined ad 4.43%, 4.02 % and 3.22%, respectively. Ambient relative humidity of the cold store was not
controlled by the cooling system, automatically or manual because of cold stored Aronia Melanocarpa Nero fruits
requirement.

Table 7. Relative Humidity (%)

Top Level Medium Level Base Level
X Axis X Acxis X Acxis

Y Axis 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
1 76.66 8039 7859 7854 77.00 83.39 8339 81.26 75.65 77.17 7717 76.66
2 85.55 8537 85.09 8534 77.00 77.17 8339 79.19 7643 77.17 77.17 76.93
3 85.65 8537 77.52 82.85 8301 8339 8339 8326 8245 77.17 77.17 78.93
4 83.84 8537 8172 83.64 8301 8339 8339 8326 77.17 8339 77.17 79.25
Mean 82.93 84.13 80.73 82.59 80.01 81.84 8339 81.74 7793 7873 77.17 77.94
Min. 76.10 7676 75.73 - 74.00 75773  75.73 - 7413 7573 7573 -
Max. 88.09 87.62  87.20 - 86.70  85.64  85.64 - 8429  85.64  79.00 -
SD 437 3.21 340 3.66 3.95 3.35 251 327 3.09 3.09 137 2.52

CV(%) 527 3.81 4.21 4.43 4.93 4.09 3.03 4.02 3.96 3.94 1.77  3.22

Spatial distribution maps of the relative humidity were given in Figure 6 for top, middle and base level of the cold
storage boxes.

TOP LEVEL
MIDDLE LEVEL

BASE LEVEL
s . L N
RH(%)
RH(%
RH(%) ™
s o
k s2 3 2’
50 0 5
- ™
7 3 .
2 78 2 s
”
n n
7 " 7
'EVAPORATOR
g ¢ & —
i

Figure 6. Spatial distribution maps of the relative humidity (RH %)

®

Variation of the relative humidity of the cold store was changed between 70% and 84% for top level, middle level
and base level. There were 3 or 4 different cold zone for the stored fruits. There were important heterogeneities of the
spatial distribution of relative humidity for different levels. Variance analysis of the measured relative humidity data
was given in Table 8.

Table 8. Variance analysis of measured relative humidity (%)

Degree of Mean

Source Sum of Squares Freedom Square F Sig.
Levels 588.799 2 294399  69.379  0.000
Width 46.994 2 23.497 5.537 0.005
Length 228.147 3 76.049 17.922  0.000
Level * Width 159.377 4 39.844 9.390 0.000
Level * Length 273.662 6 45.610 10.749  0.000
Width * Length 282.177 6 47.029 11.083 0.000
Level * Width * Length 137.908 12 11.492 2.708 0.003
Error 458.283 108 4.243
Total 941351.154 144

According to the variance analysis; differences between relative humidity values were important for levels
(F=69.379, 0=0.001), width (F=5.537, 0=0.005) and length (F=17.922, a=0.001) of the levels and all interactions.
Main factors and interaction were grouped for a= 0.05 significant levels by Duncan test. Standard error and Duncan
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test results of main factors (Levels, width and length) and interactions between main factors (level x width, level x
length, width x length, level x with x length) were given in Table 9 and Table 10, respectively.

Table 9. Standard error of means for main factors and interactions

Level Width Length Levels Level Width Level x

X X X Width x

Width Length Length Length

Standard 1.42955  0.40399  0.72758  0.85245  0.82980 0.59288 0.58418

Error of Means

Table 10. Duncan Test Results for Ambient Temperature (°C)

Levels Width Length Mean
(levels)
1 2 3 4 MEAN
1 1 76.66 1 85.55a 85.65 a 83.84 ¢ 82.92 ab
8039h  8537ab  8537ab  8537ab 84122  82.59A
3 78.591 85.09b 77.52] 81.72 ¢ 80.73 cd
Mean 76.44 j 79.66 h 83.70 b 81.34d
(Level x Length)
1 77.00 k 77.00k 77.00k 83.01e 80.00 de
2 2 83.39d 77.17jk 83.39d 83.39d 81.84 be 81.74 B
3 83.39d 83.39d 83.39d 83.39d 83.39a
Mean 80.32 f 7991 ¢ 81.98 ¢ 84.05a
(Level x Length)
1 75.65m 76431 82.45f 7717k 77.93 fg
3 2 7717k 7717k 77.17k 83.39d 78.73 ef 77.94 C
3 77.17k 77.17k 77.17k 77.17k 77.17¢g
Mean 79.72 h 81.89 ¢ 79.36 i 80.76 e
(Level x Length)
Mean (Length) 78.82C 8048 B 81.68 A 82.05 A
Width Mean
Means 1 78.54de 8534 a 82.85bc 83.64 b 80.28 b
2 81.26 ¢ 79.19d 83.26b 83.26 b 81.56 a
3 76.66 76.93 ef 78.93d 79.25 80.43 b

According to the Table 9 and Table 10,

Effect of levels on the relative humidity variability was determined as different group (Sx=1.42955, a=0.05).
Minimum relative humidity was determined as 77.94% in the base level. Its means is evaporative cooling system
and placement of cold storage cases affected distribution of the relative humidity.

The relative humidity for measurement points on width of the cold store were determine in 2 groups by Duncan
test (Sx=0.40399, 0=0.05). The difference between two groups was 1.28%. Even differences between width
measurement points were statistically important, in the practice, 1.28% is not important for humidity control
because the relative humidity sensors accuracy was 2% and this value is smaller than accuracy values. When we
look the relative humidity values for width, there are very close each other.

Differences between relative humidity measurements for length of the cold store were statistically important. The
relative humidity measurements for length were classified in 3 groups by Duncan test (Sx=0.72758, 0=0.05). First
measurement point of the length close to the evaporator was the first and the relative minimum relative humidity
value was determined as 78.82. The highest relative humidity was measured at 3™ and 4 measurement points located
far away from evaporator. Evaporative cooling system affected variability of the relative humidity along the cold
store.

Levels x Width interactions were classified in 8 groups (Sx=0.85245, a=0.05), Levels x Length (S3=0.82980,
0=0.05) and Width x Length interactions (Sx=0.59288, a=0.05) in 7 groups and Level x Width x Length
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interactions in 9 groups (Sx=0.58418, a=0.05) by Duncan Grouping tests. Effect of main factors on variation of the
relative humidity were statistically important, consequently their interactions effects were also found statistically
important.

4. Conclusions

Homogeneity of the ambient temperature and relative humidity is important to protect agricultural product in a cold
store. There are different cooling systems that used in cold stores. In this research, a cold store with evaporative cooling
system was used to determine spatial distribution of ambient temperature and relative humidity for Aronia melanocarpa
Nero variety. Temperature and relative humidity sensors used in this cooling system located at one point of the cold
store. The ambient temperatures and relative humidity were determined at top, middle and floor level in the cold store
for storage temperatures as 3°C. Mapping software and descriptive statistics (mean, maximum, minimum, standard
deviation and coefficient of variation) were used to evaluate data. Ambient temperature varied between 3.40°C and
5.32°C for top level, 3.80°C and 5.49°C for middle level and 3.92 °C and 5.51 °C for base level at 3°C storage
temperature. Relative humidity changed between 74.00% and 88.09%.

The results showed that distribution of the ambient temperature and the relative humidity was not uniform for this
system. Maximum differences were observed near the walls of the cold store. A more homogeneous distribution was
achieved in the middle of the cold store both for air temperature and relative humidity. Reason of bad spatial
distribution of ambient temperature was bad spatial distribution of air velocity generated by evaporator fan. There were
different storage conditions for cold stored Aronia fruits located at different levels of cold store. The spatial variability
is also an indicator of unevenness of cold air distribution affected by cooling system, cold store construction (size,
geometry, materials), storage boxes and cold stored product. In addition, there is generally one temperature and relative
humidity sensor to measure the ambient temperature and the relative humidity in the cold store to control cooling
system. These sensors measure from one point of cold store. Using more sensor to get data from different levels of the
cold store will help to decrease spatial variability in the cold store.

Acknowledgment

Authors would like to thank to Kirklareli Commodity Exchange and Salkim Fidancilik for their support to this
research.

315



Akdemir
Determination of Variability in Ambient Conditions During Cold Storage of Aronia Fruits

References

Akdemir, B., Blackmore, S. (2004) Yield mapping preparation techniques. Journal of Agricultural Sciences (Tarim Bilimleri Dergisi),
Agricultural Machinery 10 (1): 38-44

Akdemir, S., Arin, S. (2006). Spatial variability of ambient temperature, relative humidity and air velocity in a cold store. Journal of Central
European Agriculture 7(1): 1001-110

Akdemir, S., Tagarakis, A. (2014). Investigation of Spatial Variability of Air Temperature, Humidity and Velocity in Cold Stores by Using
Management Zone Analysis, Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 20:175-186

Akdemir, S., Bal, E. (2014). Computational Fluid Dynamics Modelling of Ambient Factors in Boxes for Apple Cold Storage. Journal of
Tekirdag Agricultural Faculty (Tekirdag Ziraat Fakiiltesi Dergisi) 11(1):53-62

Akdemir,S., Bartzanas, T. (2015) Numerical Modelling and Experimental Validation of a Cold Store Ambient Factors. Journal of Agricultural
Sciences (Tarim Bilimleri Dergisi) 21:606-619

Akdemir, S., Ozturk, S., Ulger, P. (2016). CFD Modelling of Ambient Factors in A Tractor Cabin for Summer Conditions. Journal of Tekirdag
Agricultural Faculty (Tekirdag Ziraat Fakiiltesi Dergisi) 13(02):46-54

Ambaw, A., Mukama, Matia., Opara, U.L. (2017). Analysis of the effects of package design on the rate and uniformity of cooling of stacked
pomegranates: Numerical and experimental studies. Computers and Electronics in Agriculture 136:13-24.

Anonymous, (2021). Yetistir.net, https:/yetistir.net/aronia-aronya-yetistiriciligi-ve-uretimi/, (Accessed date: 18.12.2021)

Arkema, F.W., DeBaerdemaeker, J., Amirante, P., Ruiz-Altisent, M., Studman, C. J. (1999). CIGR Handbook of Agricultural Engineering
Volume IV., ASAE (The Society for Engineering in Agricultural, food, and biological systems, LCCN 98-93767 ISBN 1-892769-03-4,
p:342

Bishnoi, R., Aharwal., K.R. (2020). Experimental investigation of air flow field and cooling heterogeneity in a refrigerated room. Engineering
Science and Technology, an International Journal, 23:1434-1443

Borowska, S., Brzoska, M.M. (2016). Chokeberries (Aronia melanocarpa) and their products as a possible means for the prevention and
treatment of noncommunicable diseases and unfavourable health effects due to exposure to xenobiotics. Comprehensive Reviews in Food
Science and Food Safety 15: 982-1017

Cemeroglu, B., Yemenicioglu, A., Ozkan, M. (2001). Meyve sebzelerin bilesimi sogukta depolanmalari. Gida Teknoloji Dernegi Yayinlari, ,
Ankara, p:256

Engin, S.P., Mert, C. (2020). The effects of harvesting time on the physicochemical components of aronia berry. Turkish Journal of Agriculture
and Forestry 44(4): 361-370

Engin, S.P., Mert, C., Fidanci, A., Boz, Y. (2016). Morphologycal examination of aronia berry. Horticulture 45: 71-78
Engin,S.P., Boz, Y. (2019). Aronia (Aronia Melanocarpa (Michx) Elliot) cultivation in Turkey and in the world. Horticulture 48: 247-252

Hwang, E-S., Yeom, M. S. (2019). Effects of storage temperature on the bioactive compound content and antioxidant activity of aronia (Aronia
melanocarpa) fruit. Korean Journal of Food Preservation 26(5): 455-465

Jiang, T., Nanqin X., Baojun, L., Le, D., L., Shengli. W., Qun, G., Yongxian, Z., (2020) Analysis of an internal structure for refrigerated
container: Improving distribution of cooling capacity, International Journal of Refrigeration; 113:228-238

Karadal, S., Yavuzlar, E. E., Adak, N., Goncu, S. (2019). The effects of Mycorrhiza application on plant growth in aronia (Aronia Melanocarpa
(Michx.) Elliot) grown in soilless culture. Horticulture 48: 31-37

Kashian, R., Jaggi, C. K., Storts, E., Fowler, K. (2016). An evaluation to determine the feasibility of growing aronia berries at the Kohler
Company January. Whitewater. Fiscal & Economic Research Center.

Kulling, S. E., Rawel, H. M., (2008). Chokeberry (Aronia melanocarpa) — A Review on the Characteristic Components and Potential Health
Effects, Planta Med 74:1625-1634

Ochmian, I., Grajkowski J., Smolik M. (2012). Comparison of some morphological features, quality and chemical content of four cultivars of
chokeberry fruits (Aronia melanocarpa) Notulae Botanicae Horti Agrobotanici Cluj-napoca 40:253-60

Oszmianski, J., Lachowicz, S. (2016). Effect of the production of dried fruits and juice from chokeberry (Aronia melanocarpa L.) on the content
and antioxidative activity of bioactive compounds. Molecules 21: 1098 doi:10.3390/molecules21081098

Persson, H.A., Jeppsson, N., Bartish, IV., Nybom, H. (2004). RAPD analysis of diploid and tetraploid populations of Aronia points to different
reproductive strategies within the genus. Hereditas 141:301-12. 10.1111/5.1601-5223.2004.01772.x [PubMed] [CrossRef] [Google
Scholar]

Shahin, L., Phaal, S. S., Vaidya, B. N., Brown, J. E., Joshee, N. (2019). Aronia (Chokeberry): an underutilized highly nutraceutical plant.
Journal of medicinally active plants 8: 46-63

316



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19 (2)

Sidor, A., Gramza-Michatowska, A. (2019). Black Chokeberry Aronia Melanocarpa L.A qualitative composition. Phenolic profile and
antioxidant potential. Molecules 24: 3710. doi:10.3390/molecules 24203710

Soysal, I. (2000). Principles of Biometry. Trakya University, Tekirdag Agricultural Faculty, Publication No:95, Course Note No:66, Tekirdag.
Turkey.

Soysal, M.I., Gurcan, E.K. (2012). Research and experimental design methods with solved application samples. Tekirdag Namik Kemal
University, Tekirdag. Turkey.

Wawer 1. The power of nature — Aronia melanocarpa, Ist ed. London, UK: Nature’s Print Ltd.; 2006.

317



Journal of Tekirdag Agricultural Faculty Mays/May 2022, 15(2)

»
Ki o - Kiiltesi .. Basvuru/Received: 14/06/21
J Tekirdag Ziraat Fakiiltesi Dergisi Kabul/Accepted: 07/12/21

DOI: 10.33462/jotaf. 952108

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Vitis labrusca L. Genotiplerinin Fenolik Bilesik ve Antioksidan Kapasite icerikleri

Phenolic Compound and Antioxidant Capacity Contents of Vitis labrusca. L. Genotypes

Hande TAHMAZ", Damla YUKSEL KUSKU?, Gokhan SOYLEMEZOGLU', Hiiseyin CELIK®

Oz

Fenolik bilesikler 6zellikle sagligin ve saglikli beslenmenin 6n plana ¢iktig1 son zamanlarda, {izerinde en yogun
calisilan konulardan birisi olmustur. Uziimlerin kabuk, cekirdek, yaprak ve salkim iskeletlerinde bulunan fenolik
bilesiklerin saglik iizerine kanitlanmis yararlari mevcuttur. Vitis vinifera L. tiiriine ait ¢esitlerde insan sagligina
pozitif katkilar1 olan fenolik igerikler ile ilgili ¢ok sayida aragtirma mevcut olmasina ragmen, Vitis labrusca L.
genotipleri ile ilgili aragtirmalar yok denecek kadar az sayidadir. Bu sebeple arastirmada Tiirkiye nin Karadeniz
bolgesinde yetistiriciligi yapilan on altt adet kirmiz1 Vitis labrusca L. genotipinin kabuk, cekirdek, salkim
iskeleti ve yapraklarinda toplam fenolik bilesik, antioksidan kapasite ve toplam antosiyanin diizeylerinin
belirlenmesi amaglanmigtir. Ayrica insan sagligima olan yararlar bilinmekte olan katesin, epikatesin ve trans-
resveratrol igerikleri de tespit edilmistir. Arastirma sonuglarina gore analiz edilen 6rneklerde toplam fenolik
bilesik igerigi 115.650-5.650 mg GAE kg' KA, antioksidan kapasite diizeyi 709-45 umol troloks g"' KA, toplam
antosiyanin miktar1 32.788-2.037 mg kg'!, katesin, epikatesin ve trans-resveratrol diizeyleri ise sirasiyla 13.131-
0 mg kg!' KA, 5.080-0 mg kg KA, 98-0 mg kg! KA araliklarinda belirlenmistir. En yiiksek toplam fenolik
bilesik igerigi Steuben gesidinin salkim iskeletinde, en yiiksek antioksidan kapasite Champbell Early ¢esidinin
cekirdeginde ve en yiiksek toplam antosiyanin igerigi Vailant ¢esidinin kabugunda saptanmistir. insan saghgma
olan faydalar ile tamnan trans-resveratrol diizeyi ise en yiiksek miktarda 98 mg kg' KA olarak yine Steuben
cesidinin yapraklarinda Olgiilmistiir. Vitis labrusca tiirii Karadeniz bolgesinin nemli iklimine dayanikli tek
tirdiir ancak bolgede yetistiriciligi yapilan bu genotipler sofralik tiiketimde tercih edilmemektedirler. Arastirma
sonuglarinda yiiksek fenolik bilesik iceriklerine sahip olduklari ortaya konmus olan Vitis labrusca kabuk,
cekirdek, salkim iskeleti ve yapraklarmin yeni dogal antioksidan kaynaklari olarak kullanilabilecegi ve bu
sayede dnemli ekonomik faydalarin saglanabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Vitis labrusca, Uziim, Fenolik bilesik, Resveratrol, Antioksidan
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Abstract

Phenolic compounds have been one of the most intensively studied topics in recent times, especially when health
and healthy diet have come to the fore. There are proven health benefits of phenolic compounds found in the
skin, seed, leaf and stem of grapes. While there are many studies on the phenolic content of Vitis vinifera L.
species that positively contribute to human health, research on Vitis labrusca L. genotypes is far too few. In this
study, total phenolic compound, antioxidant capacity and total anthocyanin levels were determined on the skin,
seed, stem and leaves of the sixteen red Vitis labrusca L genotypes. In addition, the contents of the catechin,
epicatechin and the trans-resveratrol, which are known to contribute to human health, were determined.
According to the results of the research, the total phenolic compound content of the analyzed tissue was
determined in the ranges of 115.650-5.650 mg GAE kg 'DW, antioxidant capacity 709-45 umol trolox g'' DW,
total anthocyanin 32.788-2.037 mg kg™!, catechin 13.131-0 mg! DW, epicatechin 5.080-0 mg"' DW and trans-
resveratrol 98-0 mg kg' DW. The highest total phenolic compound content was determined in the stem of
cluster of Steuben variety, the highest antioxidant capacity in the seed of Champbell Early genotype and the
highest total anthocyanin in the skin of Vailant variety. The level of trans-resveratrol, which is known for its
beneficial effects, is also measured at the highest in the leaves of Steuben variety as 98 mg kg! DW. The Vitis
labrusca species is the only species that is resistant to the humid climate of the Black Sea region, however these
genotypes are not preferred for table consumption. It is believed that the skin, seed, stem and leaves of Vitis
labrusca can be used as new natural antioxidant sources and thus provide significant economic benefits.

Keywords: Vitis labrusca, Grape, Phenolic compound, Resveratrol, Antioxidant
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1. Giris

Tiirkiye teruart hem Vitis vinifera L. hem de Vitis labrusca L. yetistiriciligine son derece uygundur. Kiiltiir
asmas1 olan Vitis vinifera L.” ye ait liziim gesitleri lilkemizde sofralik, saraplik ve kurutmalik olarak yaygin bir
sekilde yetistirilmektedir. TUIK verilerine gére 4.009.979 da alanda 2.218.056 ton sofralik, 1.534.499 ton
kurutmalik ve 456.353 ton saraplik {iziim iiretilmektedir (Anonim, 2021a). Vitis labrusca L. tiiriine ait genotipler
ise yaygin bir sekilde Karadeniz bolgesinde yetistirilmektedir. Labrusca genotiplerinin kiilleme ve mildiyd basta
olmak {izere mantari hastaliklara dayanimlarinin yiiksek olusu, bolgede yetistiriciligi yapilamayan Vinifera
genotiplerine alternatif olarak bdlgenin yagisli ve nemli iklimine uygun bir {izlim yetistiriciligi imkani
saglamaktadir. Sofralik tiikketime uygun olmayan Vitis labrusca L. gesit ve genotipleri icerdikleri antioksidatif
bilesikler sebebiyle diinyada ¢ogunlukla {iziim suyuna islenerek tiiketilmektedir (Haskell Ramsey ve ark., 2017).

Cesitli epidemiyolojik caligmalar, meyve ve sebze bakimindan zengin beslenme ile kardiyovaskiiler
hastaliklar, kanser, obezite, diyabet vb. gibi kronik hastaliklarin insidansi arasinda ters bir iligki oldugunu
gostermistir. Meyve ve sebze tiiketiminin bu yararl etkilerinin, farkli antioksidanlarin varligindan kaynaklandigi
One sirlilmiistiir. Fitokimyasallar bu hastaliklarin insidansindan kismen sorumlu olan reaktif oksijen tiirlerini
(ROT) temizleyerek onlarin olumsuz etkilerini nétralize etmektedir. Fitokimyasallar grubu icerisindeki fenolik
bilesikler, saglik iizerine pozitif etkileri bakimmdan dnemli bir rol oynamakta ve bitkiler aleminde selillozdan
sonra ikinci en genis organik bilesik grubunu temsil etmektedirler (Yahia ve Carrillo-Lopez, 2019).

Diinyada yetistiriciligi yapilan en bilyilk meyve grubu olan iiziimlerin, insan sagligina yararli fenolik
bilesikleri yogun bir sekilde igerdikleri bilinmektedir (Yang ve Xiao, 2013). Uziim ve iiriinlerinin tiiketimi ile
kronik hastaliklarin olugma riski arasinda ters bir iliski oldugu onceki arastirmalarda belirtilmistir (Katiyar, 2008;
Nassiri-Asl ve Hosseinzadeh, 2009; Yadav ve ark., 2009; Vislocky ve Fernandez, 2010; Yu ve ark., 2011).

Fenolik bilesikler iiziimlerin goriinii, tat, aroma gibi 6zelliklerini etkilediklerinden onlarin organoleptik
kaliteleri iizerinde de 6nemli bir role sahiptirler (Bal ve ark., 2011). Uziimiin kabugunda, ¢ekirdeginde, salkim
iskeletinde ve asma yapraklarinda bulunan fenolik bilesikler 6zelikle son yillarda saglikli beslenmenin 6n plana
cikmastyla birlikte daha da deger kazanmislardir. Fenolik bilesiklerden katesin, epikatesin ve trans-resveratroliin
sagliga olan yararl etkileri ile ilgili ¢cok sayida arastirma bulunmaktadir (Cantos ve ark., 2002; Castilla ve ark.,
2006; Dani ve ark., 2007; Lacerda ve ark., 2014). Bu yararl etkilere 6rnek olarak serbest radikalleri yok ederek
antioksidatif etki gostermeleri; kalp hastaliklarina, iltihabi hastaliklara, kansere karsi koruyucu gorev
iistlenmeleri; norolojik sistemi giliclendirmeleri, yaslanmaya sebep olan genleri diizenlemeleri; antibakteriyel
etkiye sahip olmalar1 verilebilir (Gueguen ve ark., 2015; Gliemann ve ark., 2016; Guthrie ve ark., 2017; Salehi
ve ark., 2018).

Vitis vinifera L. ¢esitlerinin antioksidan aktiviteleri ve fenolik bilesik igerikleri ile ilgili cok sayida arastirma
bulunmasina ragmen, iilkemizin Karadeniz bolgesinde yaygin bir sekilde yetistiriciligi yapilan Vitis labrusca L.
genotipleri ile ilgili aragtirmalar, bildigimiz kadariyla yok denecek kadar az sayidadir. Giiniimiizde bireylerin
antioksidan igerikli saglikli beslenme diizenine 6nem verdigi hatta bu bilesikleri gida takviyesi olarak disaridan
aldig1 disiiniildiigiinde iilkemizde yetistirilen {izim genotiplerinin antioksidan etkiye sahip fenolik bilesik
diizeylerinin ortaya konulmasi son derece dnem tasimaktadir.

Bu arastirmada kalin kabuklu olmalar1 sebebiyle sofralik olarak tiiketimde fazla tercih edilmeyen 16 adet
Vitis labrusca L. genotipinin kabuk, cekirdek, salkim iskeleti ve yapraklarindaki fenolik bilesik diizeyleri
incelenmis ve arastirma sonuglarinin bu genotiplerin farkli kullanim alanlarinda degerlendirilmelerine katki
saglamasi amaglanmistir.

2. Materyal ve Metot

2.1. Bitkisel materyal

Aragtirmada bitkisel materyal olarak V. labrusca L tiiriine ait 16 adet renkli genotipin (Campbell Early, Concord,
Mars, Steuben, Vailant gesitleri) ve (08 Arhavi 01, 28 Gérele 01, 28 Merkez 01, 52 Unye 05, 53 Ardesen 02, 53
Pazar 02, 53 Giineysu 03, 53 Giineysu 05, 53 Merkez 02, 53 Pazar 01, 55 Merkez 06 tipleri) kabuk, ¢ekirdek, salkim
iskeleti ve yapraklar kullanilmistir. Bitkisel materyalin temin edildigi bag Ondokuz Mayis Universitesi’nde
41°21°52 Kuzey enlemi ve 36°11°29 Dogu boylaminda, denizden 195 m yiikseklikte ve Tiirkiye' nin Karadeniz
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kiyisina yaklagik 2.8 km mesafede yer almaktadir.

Uziimler hasat edildikten sonra geng yapraklarla birlikte sogutucu kutular igerisinde Ankara Universitesi Ziraat
Fakiiltesi Bahce Bitkileri Bolimii’ ne ulastrilmistir. Uziim salkimlari kabuk, cekirdek ve salkim iskeleti olarak
dokularina ayrildiktan sonra yapraklar ile birlikte -80°C’ de dondurularak analiz zamanma kadar muhafaza
edilmislerdir.

2.2. Uziimlerin pH, toplam asitlik ve suda ¢éziiniir kuru madde analizleri

Uziim genotipleri hasat edildikten sonra aymi giin pH, toplam asitlik ve suda ¢oziiniir kuru madde 6l¢iimleri
gergeklestirilmistir (OIV, 2009).

2.3. Diger analizler icin orneklerin ekstraksiyonu

-80°C’den ¢ikarilan 6rnekler 72 saat siireyle -87°C’de liyofilize edilerek (Labconco, USA) kurutulmuslardir.
Fenolik bilesiklerin ¢ekirdek, kabuk, salkim iskeleti ve yapraklardan ekstraksiyonu Waterhouse (2005)’a gore
gerceklestirilmistir. Liyofilize 6rneklerden 0.5’er g tartilarak 50 mL'lik santrifiij tiiplerine alinmis {lizerlerine 10
mL metanol eklenmis, 3 dakika homojenizatdrde par¢alanmislardir. Daha sonra 10 dakika siire ile 3000 rpm’de
santrifiij edilmislerdir. Santrifiij edilen drneklerin siipernatant kismi rotary balonlarina alinmis ve 40°C’lik rotary
evoporatorde solvent ugurma iglemi gergeklestirilmistir. Ultrasonik banyoda %0.01°lik hidroklorik asitle alinan
ekstraktlarin son hacmi 25 mL’ye tamamlanmistir. Bu asamada elde edilen ekstraktlar toplam fenolik bilesik,
toplam antosiyanin ve antioksidan kapasite miktarlarin1 belirlemek amagli spektrofotometre analizlerinde
kullanilmislardir. Analizlerde Shimadzu marka 1700 model UV—Vis Spektrofotometre cihazi (Shimadzu, Japan)
kullanilmustir.

Kabuk, ¢ekirdek, salkim iskeleti ve yapraklarda (+)- katesin, (-)- epikatesin ve trans-resveratrol diizeylerinin
HPLC-DAD cihazinda belirlenmesi amaciyla ekstraksiyona devam edilmistir. Ekstraktlar 6nce 0.45 pm’lik
PVDF (Sartorius, Germany) filtrelerden gecirilmis, daha sonra “Agilent” marka vakum manifoldu kullanilarak
kartus sartlandirma islemi gergeklestirilmis ve bu amacgla “Waters” marka 1 mL hacimli Cis Seppak kartuslar
(Waters, U.S.A.) kullanilmistir. Kartus sartlandirma ve fenolik bilesiklerin saflastirma islemi sirasiyla 5 mL etil
asetat (100/100; h/h), 5 mL metanol/hidroklorik asit (99.99/0.01; h/h), 2 mL saf su (99.99/0.01; h/h), 1 mL 6rnek,
5 mL etil asetat (100/100; h/h) seklinde gergeklestirilmistir. Saf bir sekilde elde edilen fenolik bilesikler azot gazi
altinda kurutularak (TurboVap LV, USA) ultrasonik banyoda %0.01’lik hidroklorik asitle alinmis ve son
hacimleri 2 mL’ye tamamlanmistir. Daha sonra 0.45 pm’lik PVDF filtrelerden gecirilen ekstraktlar amber
viallere alinarak HPLC-DAD ile fenolik bilesiklerin analizlerine kadar 4°C’de saklanmislardir. Analizlerde
kullanilan HPLC-DAD cihaz1 “Shimadzu” marka “LC 10 AT VP” model olup “DAD SPD M10 AVP”
dedektore sahiptir.

2.4. Toplam fenolik bilesik analizi

Kabuk, ¢ekirdek, salkim iskeleti ve yapraklarda toplam fenolik bilesik iceriklerinin analizi Singletton ve
Rossi’ye (1965) gore yapilmistir. Olgiim sonuglarmin hesaplanmasi igin 1200, 1100, 1000, 900, 800, 700 ve 600
mg/L konsantrasyonlarinda gallik asit kullanilarak kalibrasyon egrisi (R>=0.998) elde edilmis ve sonuglar mg
Gallik Asit Esdegeri (GAE) kg™ kuru agirlik (KA) olarak ifade edilmistir.

2.5. Antioksidan kapasite analizi

Kabuk ve ¢ekirdeklerde antioksidan kapasite tayini TEAK (Troloks Esdegeri Antioksidan Kapasite) yontemi
ile (Re ve ark., 1999) gerceklestirilmistir. inhibisyon oram Esitlik 1’e gore hesaplanmustir.

Inhibisyon oran1 (%) = (Baslangig absorbans degeri — Son absorbans degeri) / Baslangic absorbans degeri (Es. 1)

Elde edilen ortalama yiizde inhibisyon degerleri 6rnek hacimlerine (10, 20 ve 30 pl) karsilik gelecek sekilde
bir grafige aktarilmis ve bu verilere dogrusal regresyon analizi uygulanarak &rnege iliskin egriye ve bu egriyi
tanimlayan esitlige ulasilmstir. Sonuglar pmol troloks g™! KA olarak ifade edilmistir.
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2.6. Toplam antosiyanin analizi

Kabuklarin toplam antosiyanin analizleri Giusti ve Wrolstad’a (2001) gore gerceklestirilmistir. Okumalar 520
ve 700 nm’de mikro kiivetlerde yapilmis ve sonuglar Esitlik 2’ye gore hesaplanarak mg kg~ KA olarak
verilmistir.

Toplam antosiyanin miktar1 (mg kg') = [(A) x (MA) x (SF) x 1000]/[(g) x (1)] (Es. 2)

A: Absorbans farki (pH1.0 ve 4.5 degerlerinde 6lgiilen absorbans farki)
MA: Baz olarak alinacak antosiyaninin (malvidin) molekiil agirligi (493.5)
SF: Seyreltme faktorii

€: Molar absorpsiyon katsayisi (28.000)

L: Absorbans 6l¢iim kiivetinin tabaka kalinligi (cm) (1)

2.7. HPLC-DAD ile kategin, epikatesin ve trans-resveratrol diizeylerinin belirlenmesi

Cekirdek, kabuk, salkim iskeleti ve yapraklardaki (+)katesin, (—)—epikatesin ve trans—resveratrol
miktarlarinin belirlenmesi i¢in standart maddelerin alikonma zamanlar ile spektrumlarindan yararlanilmistir
(Waterhouse, 2005). Miktar tayininde fenolik bilesik standartlarina ait farkli konsantrasyonlarda (50, 15, 12, 9, 6,
3, 1 ppm) ¢ozeltiler hazirlanarak HPLC’ye enjekte edilmis ve standart egrileri olusturularak bu egrilerden fenolik
bilesiklerin miktarlar1 hesaplanmistir. Fenolik bilesiklerin miktarlar1 belirlendikten sonra geri kazanim oranlari
da belirlenerek sonuglarin hesaplanmasinda kullanilmistir. Ayrica her fenolik bilesik icin HPLC-DAD cihazinin
kuantifikasyon ve dedeksiyon limitleri de hesaplanarak sonuglarin dogruluk oranlarinin artirilmasi saglanmistir.
Tablo1’de HPLC cihazinin ¢alisma kosullar1, Tablo 2’de fenolik bilesik miktarlarinin belirlenmesinde kullanilan
kalibrasyon parametreleri verilmistir. Sonuglar mg kg™! KA olarak ifade edilmistir.

Tablo 1. HPLC-DAD kosullar:
Table 1. HPLC-DAD conditions

HPLC-DAD bilesenleri Ozellikleri
HPLC kolonu Phenomenex Gemini 260x4.60 mm C18
Enjeksiyon hacmi 30 uL
Solventler A: Su/Formik asit(99/1: h/h) B: Asetonitril (100/100: h/h)
Akis hizi 0.7 mL dak!
Kolon sicakligi 20°C

Tablo 2. Fenolik bilesiklerin HPLC-DAD tanimlanmasinda kullanilan kalibrasyon parametreleri
Table 2. Calibration parameters used for the HPLC—DAD determination of phenolic compounds

Fenolik Alikonma Dalga Kalibrasyon egrisi R? LOD LOQ
bilesikler Zamant boyu
(dakika) (nm)

(+)—katesin 29 280 y=15.323x-161 0.9998 0.98 2.90

(—)—epikatesin 34.8 280 y=33.977x-7.184 0.9999 0.83 2.11

trans-resveratrol 57 306 y=403.404x-79.820 0.9998 0.78 0.99

LOD: Dedeksiyon limiti, LOQ: Kuantifikasyon limiti.

2.8. Istatistiksel analiz

Aragtirmada tiim ekstraksiyon ve analizler “Tesadiif Parselleri Deneme Planina” gore 3 tekerriirlii olarak
yiiriitiilmiistiir. Elde edilen sonuglara SPSS (SPSS Inc., Chicago, Illinois) istatistik programinda (11.5) p< 0.05
hata diizeyinde ¢ift yonli Anova uygulanmistir. Farkliliklarin 6nem diizeyini belirlemek i¢cin Duncan testi
kullanilmistir. Sonuglar ortalama + ortalamanin standart hatasi olarak ifade edilmistir.

3. Arastirma Sonuclari ve Tartisma
3.1. Uziimlerin pH, toplam asitlik ve suda ¢éziiniir kuru madde analizleri

16 adet {iziim genotipinin pH, toplam asitlik ve suda ¢dziiniir kuru madde analiz sonuglar1 7ablo 3’ te verilmistir.
Sonuglar incelendiginde pH bakimindan en diisiik degerlerin 3.04 ile Vailant ve 53 Pazar 01, 3.05 ile 53 Ardesen 02
ve 3.11 ile 53 Giineysu 03 genotiplerinde, en yiiksek degerin ise, 3.53 ile 53 Pazar 02 genotiplerinde dlgiildiigi
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goriilmektedir. Toplam asitlik degerleri 2.87 ile 9.10 mg g arasinda degisen degerlerde Slgiilmiis olup Vailant (9.10
mg g") ve 53 Giineysu 03 (9.08 mg g') genotipleri yiiksek asit igerikleri ile dikkat ¢ekmistir. Genotiplerin suda
¢oziiniir kuru madde igerikleri % 20.8 (08 Arhavi Olve 53 Merkez 02) ile % 11.5 (Concord ve Vailant) araliginda
saptanmustir. Vitis labrusca genotiplerinde gergeklestirilen dnceki aragtirmalarda toplam asitlik 10.93-6.52 mg g
pH 3.27-3.17 ve suda ¢dziiniir kuru madde %15.3-%14.73 araliginda degisen degerlerde Sl¢iilmiistiir (Dal Magro ve
ark., 2016; Abe ve ark., 2007).

Tablo 3. pH, toplam asitlik (mg g) ve briks icerikleri
Table 3. pH, total acidity (mg g”') and brix (%) contents

Varieties/types pH Toplam asitlik (mg/g) SCKM (%)
55 Merkez 06 3.15+0.025de 4.39+0.034de 13.240.033efg
53 Merkez 02 3.36+0.052bc 5.17+0.760d 20.8+0.557a
28 Merkez 01 3.37+0.040b 6.224+0.083c¢ 11.8+01

28 Gorele 01 3.36+0.052bc 5.1240.235d 19.2+0.458b
08 Arhavi 01 3.36+0.066b 5.17+0.760d 20.8+0.557a
52 Unye 05 3.254+0.104bcd 6.78+0.145bc 12.4+0.033h
53 Pazar 02 3.53+0.023a 4.59+0.045d 19.6+0.186b
53 Giineysu 05 3.1940.005¢cde 9.02+0.168b 13.1+0.057fgh
53 Giineysu 03 3.11+0.005¢ 9.08+0.088a 13.840.033¢
53 Ardesen 02 3.05+0e 7.19+£0.251¢ 12.54£0.033gh
53 Pazar 01 3.04+0.006¢ 4.37+0.044¢ 13.24+0.089¢fg
Champbell Early 3.24+0.116bcd 3.48+0.068ef 13.94+0.057¢
Mars 3.394+0.005ab 4.56+0.069d 16.7+0.033¢
Steuben 3.24+0.090bcd 4.75+0.116d 13.44+0.033ef
Concord 3.22+0.020bcd 2.87+0.163f 11.5+0.0661
Vailant 3.04+0.003¢ 9.10+0.126a 11.5+0.0661

Ayni siitunlardaki farkli harfler istatistiksel olarak p<0.05 seviyesinde 6nemlidir.

3.2. Toplam fenolik bilesik

Uziim genotiplerine ait kabuk, ¢ekirdek, salkim iskeleti ve yapraklarin toplam fenolik bilesik icerikleri ve
genotiplere gore degisimleri Sekil 1’de verilmistir. Toplam fenolik bilesik icerikleri en yiiksek ve en diisiik
miktarlarda sirastyla salkim iskeletinde 115.650 mg GAE kg' KA (Steuben) ve kabukta 5.650 mg GAE kg! KA
(28 Merkez 01) olarak dl¢iilmiistiir. Salkim iskeletinin yiiksek toplam fenolik bilesik icerigi ile iyi bir fenolik
bilesik kaynagi oldugu goriilmektedir. Vejetatif dokularda bulunan fenolik bilesiklerin asmay1 dis kosullardan
korumada ve ona dayaniklilik kazandirmada 6nemli rol oynadiklar1 bilinmektedir (Gabaston ve ark., 2017).
Ozellikle hastalik ve zararlilarin en gok gériildiigii yapraklarin fenolik bilesiklerden olan stilbenleri, asmanin
diger kisimlarina oranla daha yiiksek seviyede icerdikleri bilinmektedir. Ancak vejetatif dokulardan olan salkim
iskeletlerinde de bu bilesiklerin daha yiiksek seviyede olabilecegi goriilmiistiir (Braidot ve ark., 2008; Waffo-
Teguo ve ark., 2013). Vitis vinifera L.’ye ait gesitlerin salkim iskeletlerinde de toplam fenolik bilesiklerinin
113.500 mg GAE kg' KA ile 34.450 mg GAE kg! KA arasinda degisen degerlerde oldugu ve incelenen diger
iizim kisimlarina kiyasla daha yiiksek fenolik bilesik icerdikleri Tahmaz ve ark. (2020) tarafindan da
belirtilmistir. Arastirma sonuglarina gore toplam fenolik bilesik diizeyleri kabuklarda 45.200 mg GAE kg' KA
(Vailant)-5.650 mg GAE kg™! KA (28 Merkez 01); ¢ekirdekte 52.450 mg GAE kg' KA (53 Giineysu 05)-20.475
mg GAE kg! KA (53 Pazar 02); salkim iskeletinde 115.650 mg GAE kg' KA (Steuben)- 49.975 mg GAE kg!
KA (53 Pazar 02) ve yapraklarda 58.600 mg GAE kg™ KA (53 Ardesen 02)-22.475 mg GAE kg' KA (Mars)
araliklarinda Olgiilmiistiir. Tahmaz ve Sdylemezoglu’nun 2019°da 5 farkli Vitis vinifera L. c¢esidinde
gerceklestirdigi aragtirma sonuglaria gore toplam fenolik bilesik iceriklerinin kabuklarda 60.675- 14.740 mg
GAE kg™ KA; ¢ekirdeklerde 105.350-57.975 mg GAE kg™ KA; salkim iskeletlerinde 113.500-34.950 mg GAE
kg™ KA ve yapraklarda 35.825- 12.180 mg GAE kg KA araliklarinda degistigi bildirilmistir. Bir bagka
arastirmada farkli bolgelerden temin edilen Isabella (Vitis labrusa L.) gesitlerine ait toplam fenolik bilesik
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diizeyleri gekirdekte 23920-20140 mg GAE kg™ diizeylerinde saptanmisken (Kavgaci, 2019), Vitis labrusa L.
cesitlerinde gergeklestirilen bir diger arastirmada ise 63.310-32.620 mg GAE kg' KA araliginda 6lgiilmiistiir
(Rockenbach ve ark., 2011). Santos ve ark. (2011) Labrusca genotiplerinin toplam fenolik bilesik iceriklerini
cekirdekte en yiiksek 89.830 mg GAE kg' KA, kabuklarda yine en yiiksek 2460 mg GAE kg' KA olarak
belirlemislerdir. Bildigimiz kadariyla literatiirde Vitis labrusca genotiplerinin toplam fenolik bilesik iceriklerinin
kabuk, ¢ekirdek, salkim iskeleti ve yapraklarda ayr1 ayr incelendigi ve birbirleri ile karsilastirldigi aragtirmalar
siirht sayidadir. Toplam fenolik bilesik icerigi yiiksek olan bitkisel materyalin ayni zamanda antioksidan

kapasitelerinin de yiiksek oldugu bilinmektedir. Saglik iizerine yararlar1 kanitlanmis olan, antioksidan 6zellikteki
bu bilesiklerle ilgili ¢alismalar yogun olarak Vitis vinifera L. tiirline ait ¢esitler iizerinde yiiriitiilmektedir (Pastor
ve ark., 2019; Tabeshpour ve ark., 2018). Dani ve ark. (2007) Vitis labrusca genotiplerine ait yaprak
ekstrelerinde fenolik bilesik ve antioksidan kapasite diizeylerini incelemis, yaprak ekstrelerinin sahip olduklari
yiiksek fenolik bilesik diizeyleri sebebiyle beyindeki lipit ve protein hasarlarina kars1 koruyucu etkileri oldugunu
sOylemislerdir.
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Figure 1. Total phenolic compound content of skin, seed, stem and leaves (mg GAE kg' DW)
Sekil 1. Kabuk, cekirdek, salkim iskeleti ve yapraklarin toplam fenolik bilesik icerikleri (mg GAE kg' KA)

3.3. Antioksidan kapasite

Genotiplere ait kabuk ve ¢ekirdeklerin antioksidan kapasitelerinin belirlenmesi amaciyla E vitamininin suda
¢oziinebilen bir esdegeri olan trolokstan [(+)-6-hidroksi-2,5,7,8-tetrametilkroman-2-karboksilik asit] yararlanilmistir
(Ardag, 2008). Troloks canlilarin sistemlerinde dogal olarak bulunmamakla birlikte bircok antioksidan kapasite tayin
yonteminde kullamlmaktadir. Arastirmada tercih edilmis olan troloks esdegeri antioksidan kapasite yonteminde hem
suda hem organik ¢oziiciilerde ¢oziinebilen ABTS radikalinin absorbansindaki azalma dl¢iilmiistiir. Seki/ 2°de troloks
esdegeri antioksidan kapasite seviyelerinin Champbell Early gesidinin ¢ekirdeginde 709 umol troloks g"' KA ile en
yiiksek ve 28 Merkez 01 genotipinin kabugunda 45 umol troloks g'KA ile en diisiik oldugu goriilmektedir.

Antioksidan kapasite diizeyleri genotiplerin kabuklarmda 482 (Vailant) ile 45 (28 Merkez 01) pmol troloks g
KA araliginda, gekirdeklerinde ise 709 (Champbell Early) ile 244 (53 Merkez 02) umol troloks g'KA araliginda
degisen degerlerdedir. Kabukta antioksidan kapasite diizeyleri Vailant ¢esidinden sonra sirasiyla 53 Pazar 01 (336
umol troloks g'), 53 Ardesen 02 (297umol troloks g™!), Steuben (262 umol troloks g™') genotiplerinde; gekirdekte ise
Champbell Early cesidinden sonra strastyla Concord (539 umol troloks g™), 53 Giineysu 05 (514 pumol troloks g™),
08 Arhavi 01 (497 umol troloks g') genotiplerinde saptanmistir. Sonuglardan da anlasilacag iizere Vailant disindaki
genotiplerin ¢ekirdeklerinin antioksidan kapasiteleri kabuklarima gore daha yiiksektir. Bunun sebebi Sekil 3’ te
verilen toplam antosiyanin miktarinin yiiksekliginden de anlasilacag: {izere Vailant ¢esidinin oldukg¢a koyu renkli bir
cesit olmasidir. Tahmaz ve Soylemezoglu (2019) da benzer sekilde gekirdeklerde kabuklara oranla daha yiiksek
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antioksidan kapasite diizeyleri Slgmiislerdir. Isabel ¢esidinin ¢ekirdeklerindeki FRAP antioksidan kapasitesi Kavgaci
(2019)’a gore 174.90 umol FeSO4.7H20/g; Rockenbach ve ark. (2011)’e gére TEAK ise 193.36 pmol troloks g!
olarak belirlenmistir. Goriildigii iizere literatiirde antioksidan kapasite sonuglari birbirlerinden farklilik
gostermektedir. Antioksidan kapasite 6l¢limleri i¢in dnceki aragtirmalarda kullanilan birbirinden farkli solventlerin,
analizlerin kilit noktasini olusturan elektron-hidrojen atomlar1 transferini etkileyecegi bilinmektedir (Xu ve ark.,
2010). Bu sebeple ayni1 ¢dziicii ve yontemle yapilarak elde edilmis sonuglarin karsilastirilmasi daha uygundur.
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Figure 2. Antioxidant capacity of skin and seeds (umol trolox /g DW)
Sekil 2. Kabuk ve cekirdeklerin antioksidan kapasiteleri (TEAK) (umol troloks / g KA)
35000 -
30000 -
25000 -
20000 -
15000 -
10000 - -
= = T
— = T - =
5000 - - _ _
0 J
© o — — — ') I 1) n N — = > @ =] o
£ £33 3 %8 § 22 3 % B £ E &G
3 =] =] =] =] =] 3}
- O - R
= = = 5 = ) £ [ ) 3 £ > w2 @]
= = = 2 = a g9 £ 2 :F g 2
lllq Q % N g o o m g
v v 6

Figure 3. Total anthocyanin (mg kg™')
Sekil 3. Toplam antosiyanin (mg kg™')

3.4. Toplam antosiyanin

Kabuklardaki antosiyanin seviyesi en yiiksek Vailant ¢esidinde 32.788 mg kg™ diizeyinde belirlenmistir. Bu
deger 2.037 mg kg ile en diisiik antosiyanin igerigine sahip 28 Merkez 01 genotipinin 16 katidir. Amerika ve
Brezilya gibi iilkelerde Labrusca melezlerinin en dnemli kullanim alani tiziim suyu iretimidir. Vitis labrusca
genotiplerinin iiziim suyunda kullanilmalarinin en biiylik amaci, Vinifera gesitlerinden elde edilen iiziim sularina
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eklenerek, onlarin renklerini ve aromalarini zenginlestirmektir (Sato ve ark., 2008; Camargo ve ark., 2010).
Vailant ¢esidinde oldugu gibi ¢ekici koyu renk yaninda toplam fenolik bilesik, toplam antosiyanin ve
antioksidan aktivite degerlerinin yiiksek olusu bdyle gesitler icin saglikli beslenme konusunda etkili tiketim
alanlart sunmaktadir. Toplam antosiyanin diizeyi acisindan Vailant c¢esidini sirasiyla Champbell Early
(11.615mg kg"), 53 Pazar 02 (8.605mg kg™!), 53 Ardesen 02 (8.121mg kg') genotipleri takip etmistir. 2019
yilindaki bir arastirmada iilkemizin en koyu renkli iiziim g¢esitlerinden biri olan Bogazkere’nin kabuklarinda
18.211 mg kg™ olarak belirlenen toplam antosiyanin igeriginin arastirmamizda kullanilan Vailant ¢esidinden gok
daha diisiik oldugu gériilmektedir (Tahmaz ve Séylemezoglu, 2019). Onceki arastirmalarda toplam antosiyanin

miktarinin Vitis vinifera genotiplerinde 5609-660 mg kg™, Vitis labrusca genotiplerinde 11220-1840 mg kg
araliklarinda bulundugu tespit edilimistir (Rockenbach ve ark., 2011; Kok ve ark., 2018).

3.5 (+)—katesin, (-)—epikatesin ve trans-resveratrol

Arastirmada genotiplerin kabuk, cekirdek, salkim iskeleti ile yapraklarinda bulunan ve insan sagligina yararli
etkileri bilinen polifenollerden (+)—katesin, (—)—epikatesin ve trans-resveratrol diizeyleri belirlenerek Tablo 4° te
sunulmustir. Arastirma sonuglarma gore en yiiksek (+)—katesin icerigi 55 Merkez 06 genotipinin kabugunda 13.131
mg kg! KA olarak, (-)-epikatesin igerigi en yiiksek 53 Giineysu 05 genotipinin gekirdeginde 5.080 mg kg' KA
olarak ve trans-resveratrol icerigi en yiiksek Steuben gesidinin yapragmda 98 mg kg' KA olarak lgiilmiistiir.

Katesin, epikatesin ve trans-resveratrol diizeyleri sirastyla kabukta 13.131-0 mg kg' KA, 126.5-0 mg kg™ KA 35-
0 mg kg' KA; ¢ekirdekte 10.560-111 mg kg' KA, 5.080-74 mg kg' KA, 34-0 mg kg'! KA; salkim iskeletinde
12.480-0 mg kg' KA, 4.503-260 mg kg KA, 76-0 mg kg™ ve yaprakta 403-Omg kg' KA, 302-0 mg kg KA, 98-0
mg kg KA araliklarinda belirlenmistir.

Analizi gergeklestirilen drneklerde en yiiksek miktarda bulunan fenolik bilesik 13.131 mg kg'! KA’Iik seviyeyle
katesin olarak tespit edilmistir. En yiiksek miktarda fenolik bilesik iceren ilk ii¢ genotip incelendiginde ise bu
genotiplerin sirastyla katesin agisindan kabukta 55 Merkez 06, 53 Pazar 02, 28 Gorele 01; ¢ekirdekte 53 Ardesen 02,
53 Giineysu 03, 52 Unye 05; salkim iskeletinde Steuben, Vailant, Champbell Early; yaprakta 53 Giineysu 05, 53
Ardesen 02, 53 Giineysu 03 oldugu Tablo 4’ten goriilmektedir. Epikatesin acisindan yine ilk ii¢ genotip kabukta
Champbell Early, Mars, 52 Unye 05; cekirdekte 53 Giineysu 05, 52 Unye 05, 28 Merkez 01; salkim iskeletinde
Concord, 55 Merkez 06, Champbell Early; yaprakta 53 Giineysu 03, 53 Giineysu 05, 53 Ardesen 02 olarak
belirlenmistir. Son olarak frans-resveratrol agisindan ilk ii¢ genotip ise kabukta Champbell Early, Mars, 53 Ardesen
02 ile 53 Giineysu 05; cekirdekte Mars, 52 Unye 05, Champbell Early; salkim iskeletinde Vailant, 28 Gorele 01,
Champbell Early; yaprakta Steuben, 53 Pazar 01, Mars ile 53 Giineysu 05 olarak belirlenmistir.

Onceki arastirmalar incelendiginde Vitis labrusca genotiplerinde gerceklestirilen fenolik bilesik analizlerinin
sinirll sayida oldugu goriilmektedir. Bu arastirmada oldugu gibi iiziimiin kabuk, g¢ekirdek, salkim iskeleti ve
yapraklarmdaki fenolik bilesikler ayr1 ayr1 incelenmemis, genellikle {iziimiin posasi, suyu ya da ¢ekirdekleri materyal
olarak kullanilmigtir. Arastirmacilar katesin igerigini 111.61-40 mg kg™ KA, epikatesin icerigini 443.6 mg kg'! KA,
trans-resveratrol igerigini 187-2.03 mg kg KA olarak belirlemiglerdir (Rockenbach ve ark., 2011; Santos ve ark.,
2011; Kavgaci, 2019). Isabella cesidinde Keskin ve ark. (2021) tarafindan gerceklestirilen bir diger arastirmada,
sonuglarimizla benzer olarak katesin diizeyi, epikatesin ve frans-resveratrol diizeylerine gore daha yiiksek seviyede
tespit edilmistir.

Vitis vinifera cesitlerinin farkli kistmlarinda bulunan katesin, epikatesin ve frans-resveratrol igerikleri ise sirastyla
kabukta 1.140-139, 233-49, 39-22 mg kg! KA; gekirdekte 18.839-3.222, 4.497-1.725, 0.2-0.1 mg kg' KA; salkim
iskeletlerinde 14.144-2.167, 982-67, 70.38-0.30 mg kg' KA ve yaprakta 501-92, 566-31, 4-0.1 mg kg' KA
araliklarinda degisen degerlerde belirlenmistir (Le Blanc, 2006; Rockenbach ve ark., 2011; Tahmaz ve ark., 2013;
Tahmaz ve ark., 2020). Vitis vinifera’ ya ait gesitler kozmetik, farmakoloji ve gida sanayinde antioksidan amagh
kullaniimaktadir. Incelenen genotiplere ait veriler, Labrusca genotiplerinin de yiiksek fenolik bilesik igerigine sahip
olduklarini gostermistir. Daha da Snemlisi, arastirmacilar Vitis labrusca genotiplerinin bircok Vitis vinifera cesidine
gore daha yiiksek fenolik bilesik icerigine sahip olduklarimi bildirmislerdir (Nixdorf ve Hermosin-Gutiérrez, 2010).
Vitis vinifera cesitleri diinyada sofralik, saraplik ve kurutmalik olarak tiiketilmektedir. Vitis labrusca genotipleri ise
ozellikle Amerika’da ¢gogunlukla meyve suyuna islenmektedir (Burin ve ark., 2014).
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Tablo 4. (+)-katesin, (-)—epikatesin ve trans-resveratrol (mg kg”'KA)
Table 4. (+)—catechin, (-)—epicatechin and trans—resveratrol (mg kg DW)

(+)-katesin
Genotip Kabuk Cekirdek Salkim iskeleti Yaprak
55 Merkez 06 13.1314291a 316+0.3gh - -
53 Merkez 02 2.596+16d 3.038+89f 3.665£1161 190+0.8ef
28 Merkez 01 130+£25gh 6.782+150c¢ 7.281+£786de 250+18cdef

28 Gorele 01 3.715+£53¢ 4.702+185¢ 4.502+33h1 216+6def

08 Arhavi 01 772+£14f 6.791£415¢ 3.401£18% 282+4bcde

52 Unye 05 256 £2gh 7.623+83b 6.983+37ef 111+8fg

53 Pazar 02 5.125+60b 3.723+£52f 5.274+141gh 165+0.6¢ef
53 Giineysu 05 411+7fgh 7.279+234bc 6.008+71efg 403+140a
53 Giineysu 03 - 7.822+351b 5.359+292gh 350+19bc
53 Ardesen 02 591+l1fg 10.560+804a 7.105+£22¢ 381+0.4b

53 Pazar 01 795+5¢ 3.680+24f 6.640£125¢fg 303+15bed

Vailant 471+4fgh 5.668+143d 8.931+£295b 227+1def
Champbell Early 2.149+44de 1.103+49¢ 8.446+697cd 16+10ef
Mars 2.028+77e 111£1g 5.889+133efgh 196+11ef
Steuben 46+15fgh 575+18gh 12.480+1339a 177+6ef
Concord - - - 304+2bcd
(-)—enikatesin
Genotip Kabuk Cekirdek Salkim iskeleti Yaprak
55 Merkez 06 ; 5274401 1.678+145b -

53 Merkez 02 ) 1.687+42¢g 393+9gh1 192+4cd
28 Merkez 01 B 3.447+£39b 7224+52de 150+1de

28 Gorele 01 - 1.833+81fg 379+0.7ght 183+2cd

08 Arhavi 01 - 3.009+204cd 260+1h1 92+5ef

52 Unye 05 31.9£0.1¢ 3.616+39b 625+11def 50+3fg

53 Pazar 02 B 1.953+41f 404+4gh 142+1de
53 Giineysu 05 ) 5.080+171a 543+11efg 294+59b
53 Giineysu 03 ) 3.095+144¢ 426+20fgh 302+82a
53 Ardesen 02 - 3.378+72b 607+7def 239+0,6bc

53 Pazar 01 B 2.533+17¢ 769+9d 189+2cd

Vailant B 2.788+73d 611£36def 78+2ef
Champbell Early 126.5+0.37a 987+2%h 1.528+122b 100+2ef
Mars 61+0.9b 1.033£1h 7724+20d 202+7cd
Steuben ) 74+0.7j 1.037+£39¢ 189+5¢cd
Concord ) 2.817+48d 4.503+32a 130+6de

trans-resveratrol

Genotip Kabuk Cekirdek Salkim iskeleti Yaprak

55 Merkez 06 ; - - 26+0.4fgh

53 Merkez 02 B B 41£0.3def 24+0.1h

28 Merkez 01 B - 27+21 -

28 Gorele 01 23+0.2d 22+0.0d 60+0b 24+0.1h

08 Arhavi 01 22+0.0e - 39+1,4fg 29+0.5cde

52 Unye 05 - 28+0.1b 39+0.1fg -

53 Pazar 02 23+0.0d - 37+1.1g 24+0.0gh
53 Giineysu 05 25+0.4c B 41+40.9ef 31+0.2bc
53 Giineysu 03 - B 37+1g 30+0.6¢cd
53 Ardesen 02 25+0.2¢ B 44+0.1cde 28+0.1cdef

53 Pazar 01 - B 33+0.3h 33+1.9b
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Vailant 23+0.1d 22+0.0d 76+1.8a 29+0.5cdef
Champbell Early 3540.5a 25+0.5¢ 47+2.0c 2940.3cde
Mars 34+0.4b 34+0.2a 44+0.6¢cd 31+0.0c
Steuben ) B - 98+2.3a
Concord B B - 27+0.3efg

Ay siitunlardaki farkli harfler istatistiksel olarak p<0.05 seviyesinde 6nemlidir. -: Tespit edilemedi.

Bu sayede Labrusca genotiplerinin igerdikleri yiiksek antosiyanin miktar1 sayesinde meyve sularinda renk artist
saglanmis, ayrica antioksidatif etkili fenolik bilesikler tizim suyuna kazandirilmis olmaktadir. Vitis labrusca’dan
elde edilen {iziim sularmin tiiketilmesi ile saglikli bireylerde antioksidan savunmanin arttig1 (Toaldo ve ark., 2016),
metabolik ve sindirim sistemi saghginin gelistigi (Pertuzatti ve ark., 2020) onceki caligmalarda belirtilmistir.
Ulkemizde de Labrusca genotiplerinden iiretilen {iziim sularimn Vinifera cesitleri ile kanstrarak ya da
karigtirmaksizin kullanilmasinin yararh olacagini sdyleyebiliriz.

Uziimlerin tiiketilen tanelerinin yani sira bu arastirmada incelenmis olan salkim iskeleti ve yapraklarinda
da fenolik bilesikler bulunmaktadir. Arastirmanin carpict sonuglarindan birisi de, tiikketime uygun olmayan
salkim iskeletlerinde yiiksek miktarda fenolik bilesik bulunmasidir. Asmanin fenolik bilesik iceren farkli
kisimlarina ait ekstraktlarin ¢esitli patojenik suslara kars1 antibakteriyel ve antifungal etkilere sahip olmasi, atik
sayilabilecek bu kisimlarin kullanimina olanak saglamaktadir (Corrales ve ark., 2010). Ornegin bu atiklar gida
katki maddesi olarak kullanilabilmektedir (Tiwari ve ark., 2009; Burin ve ark., 2014; Aouey ve ark., 2016).
Jayaprakasha ve ark. (2001) iiziim ¢ekirdegi ekstraktlarinin 500 g L' konsantrasyonunda potasyum ferrisiyanid
indirgeme Ozelliklerinden yararlanarak kullanildiklarinda %65-90 oraninda antioksidan koruyuculuk
gosterdiklerini  belirtmislerdir. Uziim cekirdeklerinin et {iriinleri {izerindeki antioksidan etkileri de
degerlendirilmis ekstraktlarin eklendigi et irlinlerindeki oksidatif stabilitenin arttigi one siiriilmiistiir (Lau ve
King, 2003). Son yillarda serbest radikalleri siipiiriicii etkileri sebebiyle yaslanma karsiti kozmetik iriinlerin
formiilasyonlarina da dahil edilmektedir (Kim ve ark., 2006).

4. Sonug

Aragtirmada {iziim polifenollerinden sagliga yararh etkileri en ¢ok arastirilan (+)—katesin, (—)—epikatesin ve trans-
resveratrol bilesikleri segilmis ve Vitis labrusca genotiplerine ait kabuk, ¢ekirdek, salkim iskeleti ile yapraklarindaki
miktarlar1 belirlenmistir. Biyomedikal konularda yaymmlanmis aragtirmalarin veri tabani olan Pubmed’ te #rans-
resveratrol terimi aratildiginda 14.389 sonug, katesin terimi aratildiginda 15.617 sonug ve epikatesin terimi
aratildiginda 15.729 sonug ile karsilagilmaktadir (Anonim, 2021b). Bu da gostermektedir ki 6zellikle tiziimlerde
bulunan bu bilesikler olduk¢a Snemli olmakla birlikte, {izerinde yogun bir sekilde calisilmaktadir. Son yillarda
toplumun fonksiyonel gida arayisindaki artis yadsmamayacak diizeydedir. Ulkemizde yetistiriciligi yapilan Vitis
labrusca genotiplerinin de yliksek fenolik bilesik igerikleri sebebiyle degerlendirilebilecekleri bu ¢aligma ile ortaya
konmustur. Arastirma {ilkemizde yetistiriciligi yapilan Vitis labrusca genotiplerinin kabuk, ¢ekirdek salkim iskeleti
ve yapraklarinda toplam fenolik bilesik, antioksidan kapasite, toplam antosiyanin ve (+)—katesin, (—)—epikatesin,
trans-resveratrol diizeylerini inceleyen ilk ¢aligma olmasi sebebiyle 6nem tasimaktadir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yozgat ve Kirsehir illerinde Tiiketime Sunulmus Patates Yumrularinda Bakteriyel
Yumusak Ciiriikliik Hastalig1 Etmeni Pectobacterium Izolatlarinin izolasyonu ve
Tanmilanmasi

Isolation and Identification of Bacterial Soft Rot Disease Agent Pectobacterium Isolates on
Potato Tubers Delivered for Consumption in Yozgat and Kirsehir Provinces

Murat OZTURK", Soner SOYLU?

Oz

Pectobacterium spp. genis bir konuk¢u yelpazesine sahip, her ortamda bulunan bakteriyel bitki patojenlerden biri
olup, istila ettigi bitki dokusunda Bakteriyel Yumusak Ciiriikliik olarak bilinen hastaliga neden olur. Bu ¢aligmada
2018-2019 yillar1 arasinda Yozgat Merkez ve Kirgehir Kaman ilgesindeki yerel pazar, manav ve zincir marketlerde
satisa sunulan patates yumrularinda bakteriyel yumusak ¢iiriiklik hastaligina neden olan Pectobacterium spp.
izolasyonu, biyokimyasal, patojenisite ve molekiiler yontemlerle tanilanmasi amaglanmistir. Survey yapilan
market ve manavlardan 168 yumru 6rnegi toplanmistir. Tipik yumusak ¢iiriikliik belirtisi gdsteren ve gostermeyen
stipheli yumrularda pektolitik izolatlarin varliginin arastirilmasi amaciyla nemli hiicre testi yapilmistir. Ciirlime
belirtileri gosteren 54 farkli yumru kesitlerinden pektolitik izolatlarin izolasyonu Kristal Violet Pektat (CVP)
besiyeri lizerinde yapilmistir. CVP besi yerinde ¢ukur olusturan pektolitik koloniler NA besi yerine saflastiriimasi
ile toplam 42 adet bakteri izolat1 elde edilmistir. Elde edilenler bakteri izolatlar1 arasinda 27 farkli izolatin Nutrient
Agar (NA) besi yerinde seffaf, parlak, diizensiz, krater formda koloni olusturdugu belirlenmistir izolatlarin tamami
gram ve oksidaz negatif, katalaz pozitif, fakiiltatif anaerob, floresen olmayan koloni morfolojisine sahip
ozelliklerde sergilemis ve patates dilimi {izerinde yumusak ¢iiriikliige neden olmustur. Elde edilen izolatlar ile
yapilan PCR ¢alismasinda, 54 simptomlu yumru 6rneginin 19 adedinde P. carotovorum subsp. carotovorum (9
izolat), P. atrosepticum (6 izolat) ve Pectobacterium spp. (4 izolat) enfeksiyona neden olan etmenler olarak
tanilanmistir. Tipik hastalik belirtisi gostermeyen 114 yumru 6rneginin 8 adedinde P. carotovorum subsp.
carotovorum (5 izolat), P. atrosepticum (2 izolat) ve P. carotovorum subsp. brasiliense (1 izolat) etmenleri latent
enfeksiyon sorumlusu olarak belirlenmistir. Bu calisma ile tiiketime yonelik olarak satisa sunulmus patates
yumrularinda Pectobacterium izolatlarinin varligi belirlenerek patojenin farkli bolgelere transfer edilebilecegi
belirlenmistir. Tiiketim i¢in satisa sunulan patates yumrulariin hastaliktan ari bdlgelere Pectobacterium
izolatlarmin nakledilmesinde énemli bir inokulum kaynagi oldugu diisiiniilmektedir.

Anahtar kelimeler: Pectobacterium spp., Yumusak ciirtikliik, Latent enfekteli yumru, Patates, PCR
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Abstract

Pectobacterium spp. are ubiquitous bacterial plant pathogens with a wide host range which cause soft rot disease
on the invaded plant tissue. This study aimed to isolate the bacterial soft rot disease agents belonging to
Pectobacterium spp. on potato tubers delivered for consumption in the local bazaar, grocery and markets in the
Center district of Yozgat province and Kaman district of Kirsehir province of Turkey between 2018 and 2019.
Local bazaar, market and grocery stores were surveyed and 168 potato tubers were collected. The humidity cell
test was performed to investigate the presence of pectinolytic bacteria in asymptomatic and soft rotted potato
tubers. Bacterial isolation from 54 different soft rotted tuber slices was performed on Crystal Violet Pectate (CVP)
medium. A total of 42 bacterial isolates, that formed pits on CVP medium, were obtained following isolation.
Among these, 27 isolates were observed to have shiny, transparent, irregular, crater-shaped colony morphology
on Nutrient Agar (NA) plates. All isolates were gram and oxidase negative, catalase-positive, facultative anaerobe,
non-fluorescent morphological characteristics and caused soft rot on potato tuber slices. Following PCR analysis,
19 of 54 symptomatic tuber samples were determined as infected by P. carotovorum subsp. carotovorum (9
isolates), P. atrosepticum (6 isolates) and Pectobacterium spp. (4 isolates). In 8 of 114 asymptomatic tuber
samples, P. carotovorum subsp. carotovorum (5 isolates), P. atrosepticum (2 isolates) and P. carotovorum subsp.
brasiliense (1 isolate) were determined as responsible agents of latent infections. The presence of Pectobacterium
isolates in the stored potato tubers brought for consumption suggests the pathogen can be transferred to different
regions. Potato tubers offered for sale for consumption are thought to be an important inoculum source for the
transfer of Pectobacterium isolates to disease-free areas.

Keywords: Pectobacterium spp., Soft rot, Latently infected tuber, Potato, PCR
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1. Giris

Besleyici degeri oldukga yiiksek olan patatesin (Solanum tuberosum L.), diinyanin neredeyse her yerinde tarimi
yapilabilmektedir. Misir, bugday ve celtikten sonra en fazla liretime sahip olan patates bitkisinin Avrupa lizerinden
Tiirkiye’nin bat1 bolgelerine, 150 y1l kadar 6nce Rusya ve Kafkaslar tizerinden dogu bolgelerimize girdigi tahmin
edilmektedir (Arioglu ve ark., 2010; Oner ve Aytag., 2016). Ozellikle Orta Anadolu’da yetisen dnemli bir iiriin
olan patates, Tiirkiye nin hemen her yerinde iiretilebilmekte ve bilyiik bir kism1 ana iiriin olarak yetistirilmektedir
(Samanc1 ve ark., 2003). 2018 yilinda, Diinyada 17.6 milyon ha alanda 368 milyon ton patates iiretilmis olup
ortalama verim 20.944 ton/ha’dir. En fazla ekim alanina sahip olan iilkeler Cin (4.8 milyon ha), Hindistan (2.1
milyon ha) ve ABD’dir (1.7 milyon ha). Tiirkiye ise 2018 yilinda 135.937 ha alanda 4.5 milyon ton patates
iiretilmistir (Anonim, 2020). Uygun olmayan depolama sartlarina bagl olarak iilkemizde patates itiretiminde y1llik
yaklasik %20 kayip yasanmaktadir. Uretilen patates yumrulari hasat sonrast dogal depolarda saklanmaktadirlar.
Yumrular ile vejetatif yolla cogaltilan patates bitkisinde basta viriisler olmak tizere birgok hastalik etmeninin daha
kolay tasinmasi s6z konusudur.

Diinyanin en 6nemli 10 bitki bakteriyel hastalik etmenleri arasinda bildirilen Pectobacterium (Erwinia
carotovora) ve Dickeya spp. (Erwinia chrsanthemi) tiirleri patates tiretiminde Bakteriyel Yumusak Ciirtiklik ve
Karabacak Hastaligina neden olmaktadir (Ma ve ark., 2007; Mansfield ve ark. 2012; Czajkowski ve ark., 2011;
Nabhan ve ark., 2012a). Pectobacteriaceae familyasinda yer alan bu patojenler diinyanin birgok yerinde basta
patates olmak iizere genis konukcu araliginda patojenik izolatlara sahiptir (Gardan ve ark., 2003; Samson ve ark.,
2005; De Haan ve ark., 2008, De Boer ve ark., 2012; Adeolu ve ark., 2016). Ana yumruda baslayan pektinolitik
bakteriyel enfeksiyon ile ¢ikis yapan bitkilerin toprak seviyesindeki bitki gévdelerinde siyah, sulu-islak belirtiler
karabacak olarak tanimlanir. Hastalifin en onemli bulagma kaynagi simptom sergilemeyen latent enfekteli
tohumluk yumrulardir. Ozellikle latent enfekteli yumrularin kullanildig {iretim alanlarinda zamanla enfeksiyonu
gerceklestirebilecek yeterli sayida bakteriyel cogunluk olusarak bitkilerde solgunluk, bitkinin tamamen ¢kmesi
ya da hi¢ c¢ikis yapmadan toprakta giiriimesi seklinde belirtiler gézlemlenmektedir. Karabacak enfeksiyonu
gozlemlenen iiretim alanlarindan hasat edilen yumrularin pazarlanabilir nitelikte olanlarinda da hasat sonrasi,
nakliye ve depolama asamalarinda yumusak ciiriikliik nedeniyle kayiplar devam etmektedir. Bir sonraki {iretim
sezonu i¢in tohumluk olarak ayrilan latent enfeksiyon kaynagi yumrular hastaliktan ari alanlara etmenin
taginmasinda en énemli primer inokulum kaynagidir (Pérombelon, 2002; Potrykus ve ark., 2016). Uzun yillar P.
atrosepticum ve P. carotovorum subsp. carotorum ve Dickeya spp. etmenleri patates {iretiminde en 6nemli
yumusak ¢iiriikliik ve karabacak patojenleri olarak bildirilmistir (Waleron ve ark., 2002; Portrykus ve ark., 2014).
[leri tan1 tekniklerinin biyokimyasal ve fizyolojik testlere gore iistiin ayrim kabiliyetlerinin olmasi ve son yillarda
DNA’ya dayali tanilama g¢aligmalarinin giderek yayginlagmas: atipik izolatlarin yeni tiir/alt tiir olarak
siniflandirilmasina neden olmustur (Cigna ve ark., 2017; Nabhan ve ark., 2012b; Nabhan ve ark., 2013). Brezilya
patates iiretim alanlarinda karabacak hastaligina neden olan oldukga viriilent oldugu bildirilen atipikal izolatlar P.
carotovorum subsp. brasiliense (Duarte ve ark., 2004; Nabhan ve ark., 2012a; De Boer ve ark., 2012; Panda ve
ark., 2012), Yeni Zellanda patates iiretiminde enfekteli yumrulardan izole edilen bazi atipikal izolatlar ise P.
parmentieri olarak siniflandirilmistir (Pitman ve ark., 2008; Pitman ve ark., 2010; Khayi ve ark., 2016; Zoledowska
ve ark., 2018). Son yillarda patates iiretiminin yapildigi iilkelerde siklikla rapor edilen major Yumusak Ciiriikliik
ve Karabacak hastalik etmenleri P. atrosepticum, P. carotovorum subsp. caratovorum, P. carotovorum subsp.
brasiliense, P. parmentieri ve Dickeya spp. olarak belirlenmistir (Dees ve ark., 2017; Charkowski ve ark., 2020;
Motyka-Pomagruk ve ark., 2021).

Ulkemizde farkli Pectobacterium tiirlerinden kaynakli enfeksiyonlarin varhig ile ilgili raporlar meveuttur.
Etmenin patates bitki 6rneklerinde enfeksiyona neden oldugunu gosteren ilk caligmalar 1988-1990 yillarinda Bolu,
Nevsehir ve Nigde illeri ekim alanlar1 ve depolarinda yiiriitiilmiis ve enfeksiyonuna neden olan tiirlerin P.
atrosepticum (E. carotovora pv. atroseptica) ve P. carotovorum subsp. carotovorum (E. caratovora subsp.
carotovora) oldugu bildirilmistir (Benlioglu, 1991). Yozgat ili Sorgun ilgesinde patates karabacak hastaligina
neden olan atipik Pectobacterium spp. izolatlar1 ise P. parmentieri olarak tanilanmistir (Ozturk ve ark., 2016).
Orta Karadeniz Bolgesinde yer alan Amasya, Corum, Ordu, Samsun ve Tokat illeri patates iiretim alanlarinda 146
patates tarlasindan toplanan 242 bitki 6rneginden elde edilen 90 adet pektinolitik izolatin 38 adedi P. carotovorum
subsp. carotovorum, 22 adedi P. carotovorum subsp. brasiliense, 21 adedi P. parmentieri, 6 adedi P. atrosepticum,
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3 adedi ise D. solani olarak tanilanmis olup, P. carotovorum subsp. brasiliense ve P. carotovorum subsp.
carotovorum'a ait oldukga viriilent izolatlarn tespit edildigi ayrica bildirilmistir (Oztiirk, 2017). Genis konukcu
araliginda enfeksiyon olusturan Pectobacterium spp. tirlerinden P. carotovorum (E. carotovora subsp.
carotovora) etmeni Dieffeanbachia amoena (Cetinkaya-Y1ldiz ve ark., 2004), domates (Aysan ve ark., 2004), lale
(Boyraz ve ark., 2006), Primula sp., Kalanchoe sp., Diffenbachia spp., Cactus sp., Yucca aloifolia, Ficus elastica,
Schefflera actinophylla, Senecio cruentus (Kilig ve ark., 2012), aycicegi (Bastas ve ark., 2009), enginar (Ustun ve
Arslan, 2016), beyaz bas lahana (Aksoy ve ark., 2017a; Oztiirk ve Soylu, 2022), havug (Soylu ve ark., 2022) ve
muz (Basim ve ark., 2019) bitkilerinde rapor edilmistir. Son yillarda yapilmis bir calismada ise P. betavasculorum
etmeninin seker pancarn bitkisinde, P. polaris’in ise patates bitkilerinde yumusak ciiriikliik hastaligina neden
oldugu rapor edilmistir (Ozturk ve ark., 2019; Oztiirk, 2022).

Bu calisma ile Yozgat (Merkez Ilgesi) ve Kirsehir (Kaman ilgesi) illerindeki yerel pazar, manav ve zincir
marketlerde satisa sunulan patates yumru orneklerinde bakteriyel yumusak ciiriikliik hastaligina neden olan
Pectobacterium spp.’e ait olabilecek izolatlarin izolasyonu ve biyokimyasal, fizyolojik, patojenite ve PCR’a dayali
molekiiler tanilanmasi hedeflenmistir.

2. Materyal ve Metot
2.1. Patates yumru orneklerin toplanmasi

2018 ve 2019 yillar1 Ekim-Mart aylarinda, Yozgat ili Merkez ve Kirsehir ili Kaman il¢esinde yerel pazar,
manav ve zincir marketler haftalik ziyaret edilerek satisa sunulan yumusak ciiriikliik belirtileri gosteren ve bu
orneklerin hemen yanindaki belirti gdstermeyen siipheli patates yumru 6rnekleri tesadiifi drnekleme yontemiyle
toplanmugtir. Her hafta ayr1 market ve manavlar ziyaret edilerek ayni tedarik¢iden alinan {iriin rastlantisinin en aza
indirilmesi hedeflenmistir. Survey sonucunda 54 adedi ¢iiriime belirtisine sahip 114 adedi ise yumusak ciiriikliik
belirtisiz olmak {izere toplam 168 adet patates yumru o6rnekleri kese kagitlarina ayri ayr1 konulup etiketlendikten
sonra laboratuvara getirilerek izolasyon ¢alismalar1 boyunca +4 °C’ de muhafaza edilmistir.

2.2, izolasyon calismalart

Patates yumrulart musluk suyunda fir¢alanarak yikanmis ve daha sonra % 5°lik camasir suyunda (NaOCI) 3
dakika bekletilmistir. 3 kez steril saf su ile duruladiktan sonra hastalik belirtisi tagtyan yumrularin saglikl
kisimlarinda pektolitik bakterilerinin gelismesi ve izolasyon petrilerinde daha az saprofit bakteri elde edilmesi
amaciyla 2-4 cm biyiikliigiinde pargalara ayrilmistir. Her bir yumru igin steril kurutma kagitlar1 bulunan petrilere
2-4 cm biiytikliigiinde 4-5 yumru parcast konulduktan sonra nemli hiicre sartlarinin olusmasi amaciyla steril su ile
nemlendirilerek 27 ‘C’de 24-72 saat inkiibe edilmistir. Saglikli oldugu diisiiniilen simptomsuz yumrular i¢in patates
pargalar1 stolunun sonu ve kabuktan baslayan 1.5 cm derinlikteki dokulardan alinmistir ve yukarida belirtildigi
gibi petrilere yerlestirilerek ciiriime belirtileri yoniinden kontrol edilmistir (Czajkowski ve ark., 2011; Czajkowski
ve ark., 2013). Pektolitik kolonilerin izolasyonu i¢in steril 6ze ile yumusama gozlemlenen patates yumru dokusuna
dokundurulmus ve CVP besi ortamina ¢izgi ekim yapilmistir 26°C sicaklikta inkiibasyona birakilan petrilerde
gelisen bakteriyel kolonilerin etrafinda ¢ukur olusumu 24-72 saat sonra kontrol edilmistir (Oztiirk, 2017).

2.3. Pektolitik aktivite testi

Saglikli patates yumrulan yilizeysel dezenfeksiyon igin dnce deterjanli suda firgalanarak yikanmig ve daha
sonra % 1’lik NaOCI’da 3 dakika bekletilmistir. NaOCI’yi uzaklastirmak i¢in 3 kez steril saf su ile durulanmistir.
Bu islemden sonra steril bisturi ile patates yumrusu dilimlere ayrilmistir. Steril filtre kdgidi bulunan petriler i¢ine
yumru dilimleri yerlestirildikten sonra bir 6ze dolusu bakteri kiiltiirli patates dilimi {izerine bulagtirilmistir ve
petriler steril su ile nemlendirilmistir. 25 °C’de iki giinliik inkiibasyondan sonra degerlendirme yapilmustir. inokule
edilen bolgedeki yumusama (maserasyon) pozitif, yumusamanin meydana gelmemesi negatif oldugunu
gostermistir (Lojkoswka ve Kelman, 1994; Bozkurt ve Soylu, 2019).

2.4. Yumusak ciiriikliik izolatlarinin muhafazasi

CVP besi yerinde gukur olusumu ve patates dilimlerinde maserasyona neden olan yumusak ¢iiriikliik
izolatlar1 %40’luk gliserolde -20°C’de tan1 caligmalari icin muhafaza edilmistir (Lelliott ve Stead, 1987; Benlioglu
ve ark., 1991; Potrykus ve ark., 2014).
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2.5. Izolatlarin biyokimyasal tanist

Bakteriyel izolatlarin tanisinda KOH, oksidaz, katalaz, oksidatif/fermantatif, King B besi yerinde floreans
parlama, %5 NaCl’e tolerans, 37 °C ve 39 °C’de gelisebilme testleri yapilmistir (Lelliot ve Stead, 1987; Schaad ve
ark., 2001; Yiizbasioglu ve Aysan, 2021).

2.6. Tiitiinde asir1 duyarhiik testi

NA besi yerinde 26 °C’de 24-48 saat siireyle gelistirilen izolatlarin bakteriyel siispansiyonlar1 yaklasik 10°-108
hiicre/mI’lik yogunlukta hazirlanarak tiitiin (Nicotiana tabacum cv. bentamiana) bitkisi yapraginin alt yiizey damar
aralarina enjektdr yardimi ile inokule edilmistir. inokulasyondan 24-48 saat sonra tiitiin bitkisinde agir1 duyarlilik
reaksiyonunun olup olmadigi kontrol edilmistir (Klement, 1990; Soylu ve ark., 2020).

2.7. Izolatlarin Polimeraz Zincir Reaksiyonu (PCR) teknigi ile molekiiler tanist

izolatlarin molekiiler tanisinda De Boer ve ark. (2012)’de belirtilen primerler kullanilmustir (Tablo 1) 10 pl
master mix (Bioline redmix, 2x), 1 pl forward primer, 1 pl reverse primer ve 8 pl steril su eklenerek toplam 20 pl
hacimde PCR reaksiyon karigimi hazirlanmigtir. PCR karigimina 24-48 saatlik kiiltiirlere ait kolonilerden pipet ucu
yardimiyla eklenmistir. PCR dongii programi, Aksoy ve ark. (2017)’de belirtildigi gibi kademeli sicaklik diigiirme
yontemine goére uygulanmistir. PCR iiriinlerinin elektroforez islemleri %1°lik agaroz jelde 100 voltta 1 saat
kosturularak gerceklestirilmistir. Elde edilen DNA bantlar1 jel goriintileme sistemi ile goriintiilenerek
incelenmistir (Dees ve ark., 2017; Ozturk ve ark., 2018).

Tablo 1. PCR tani ¢calismalarinda kullanilan primer oligoniikleotidleri
Table 1. Oligonucleotid primers used in PCR identification studies

Etmen ad1 Primer adi Primer niikleotid dizisi
ADEI GATCAGAAAGCCCGCAGCCAGAT
Dickeya spp.
ADE2 CTGTGGCCGATCAGGATGGTTTCGTGC
Y1 TTACCGGACGCCGAGCTGTGGCGT
Pectobacterium spp.
Y2 CAGGAAGATGTCGTTATCGCGAGT
Y45 TCACCGGACGCCGAACTGTGGCGT
P. 1
atrosepticum Y46 TCGCCAACGTTCAGCAGAACAAGT
EXPCCF GAACTTCGCACCGCCCTTCTA
P. carotovorum subsp. carotovorum
EXPCCR GCC GTA ATT GCC TAC CTG CTT AAG
BRIF GCGTGCCGGGTTTATGACCT
P. carotovorum subsp. basiliense LIR CAAGGCATCCACCGT
PHF GGTTCAGTGCGTCAGGAGAG
P. tieri
parmentiert PHR GCGGAGAGGAAGCGGTGAAG

3. Arastirma Sonuclari ve Tartisma
3.1. Patates yumrulart ve Izolasyon

2018-2019 yillarinda Yozgat ili ve Kirsehir Kaman Ilgesinde survey sirasinda hastalikli yumru &rnekleri
toplanirken bakteriyel hastalik etmenlerinin olusturdugu simptoma benzer Orneklerin toplanmasina dikkat
edilmistir. Yapilan surveylerde yumusak ciiriikliik belirtisi gosteren yumrularin varligi kasalarda ve depolarda
bulunan ¢uvallarda taranarak gozlenmistir. Ciirlime belirtisi gézlemlenmeyen ¢uval ve kasalardan latent
enfeksiyonlarin belirlenmesi amaciyla ¢iirlime belirtisi gostermeyen (simptomsuz) saglikli gorillen yumrular
toplanmustir. Patates yumrularinin tiiketim 6ncesi depolandigi iller Tablo 2°de belirtilmistir. Surveyler sonucunda
54 adedi ¢iiriime belirtisine sahip, 114 adedi ise simptomsuz olmak iizere toplam 168 yumru steril bistiirii
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yardimiyla kesildikten sonra nemli hiicre testi yapilarak bakteriyel yumusak ciiriikliik belirtisi yoniinden
gdzlemlenmistir. Inkiibasyon sonucunda, 54 ¢iiriime belirtisi gosteren yumru arasinda 19 6rnekte, 114 simptomsuz
yumru arasindan ise 8 drnekte yumusak ciiriikliik belirtileri gézlemlenmistir. Yumrularin yumusama gosteren
kisimlarindan CVP besi yerine yapilan ekimler sonucu c¢ukur olusturan toplam 42 adet bakteri izolat1 elde
edilmistir. Bu izolatlar arasindan izole edildigi rnegi temsil eden 27 pektolitik bakteri izolat1 detayli morfolojik
ve molekiiler tanilama ¢aligmalarinda kullanilmak {izere segilmistir.

Figure 1. Disease symptoms in potato tubers from which bacterial isolations were made
Sekil 1. Bakteri izolasyonlarinin yapildigi patates yumrularindaki hastalik belirtileri

3.2. Bakteri izolatlarin tanilanmasi

Orneklenmesi yapilan patates yumrularindan maserasyona (yumusamaya) neden oldugu belirlenen 27 adet
koloni morfolojisi uyumlu pektolitik izolatin KOH, oksidaz, katalaz, %5°lik NaCl’ i¢eren besi yerinde, 37°C ve
39°C’de gelisebilme ve tiitiinde asir1 duyarlilik testilerine gosterdigi sonuglar 7ablo 2°de verilmistir. Elde edilen
27 izolat, KOH ve katalaz pozitif, oksidaz testi negatif olarak kaydedilmistir. Fakiiltatif anaerobik 27 izolatin King
B besi yerinde UV 151k altinda floresan parlama yapmadigi gdzlemlenmistir. izolatlarin, 37°C’de 19 adedi
gelismis, 8 adedi ise gelisememisken, 39°C’de ise 2 adedi gelismis 25 adedi gelisememistir. %5°lik NaCl ilave
edilerek hazirlanan NA besi yerinde tiim izolatlar geligme gostermistir. Tiitiinde asir1 duyarlilik reaksiyona 25 adet
izolat neden olurken 2 izolat negatif reaksiyon gostermistir (Tablo 2).

Polimeraz zincir reaksiyonu (PCR) kullanilarak molekiiler tanilanmis izolatlarin 27 adedi Pectobacterium
spp.’ye spesifik Y1/Y2 primerleri ile beklenen 434 bp biiyiikligiinde PCR iiriinii olusturmustur (Darrasse ve ark.,
1994). Elde edilen 27 izolat ayn1 zamanda Dickeya spp. izolatlarinin tanisinda kullanilan ADE1/ADE2 primer g¢ifti
ile test edilmis fakat hicbir izolat beklenen 420 bp PCR iiriinii olusturmamustir. Pectobacterium spp.’de yer alan
27 izolatin 14 adedi (S4, S5, S6, S7, S8, S17, S18, S19, S20, S21, S22, S23, S24, S25) EXCPCCF/EXPCCR
primer gifti ile 550 bp PCR iiriinii olusturmustur (Kang ve ark., 2003). De Boer ve ark. (2012)’de bildirildigi gibi
EXPCCF/EXPCCR primerleri ile 550 bp PCR iiriinii olusturan izolatlar arasinda P. parmentieri izolatlarinin ayirt
edilmesinde kullanilan PHF/PHR primerleri kullanilmistir. Higbir izolat 113 bp biiyiikliigiinde P. parmentieri igin
spesifik PCR iiriiniinii olusturmamustir. P. atrosepticum izolatinin tanisinda kullanilan Y45/Y46 primerleri ile 8
izolat (S1, S2, S11, S12, S13, S14, S15, S16) 439 bg PCR iiriinii olusturarak P. atrosepticum olarak tanilanmigtir
(Frechon ve ark., 1998). BR1{/L1r primerleri kullanilarak yapilan PCR analizinde 1 izolat (S3) 322 b¢ PCR iiriinii
olusturarak P. carotovorum subsp. brasiliense olarak tanilanmistir (Duarte ve ark., 2004). 27 adet Pectobacterium
izolat1 arasindan 4 adedinde (S9, S10, S26, S27) tiir/alt tlir primerlerinin higbiri ile beklenen PCR {irliniinii
olusmamustir.

Bu caligma, Yozgat ili Merkez ilgesi ve Kirsehir ili Kaman Ilgesinde tiiketim igin getirilen depolanmis patates
yumrularinda bakteriyel yumusak ciiriikliik hastaligina neden olan Pectobacterium etmenlerinin belirlenmesi
amactyla yapilmistir. Toplam 168 yumru drneginden 27 tanesinde yumusak ¢iiriikliik patojeni tespit edilmistir. 54
simptomlu 6rnegin 19 adedinde, 114 simptomsuz (latent enfekteli) yumru 6rneginin 8 adedinde yumusak ciiriikliik
izolat1 elde edilmistir. Latent enfekteli yumrulardan kaynakli enfeksiyonlarin ticari tohumluk depolarinda yaygin
oldugunu, tohumluk ve tiiketime ydnelik patatesler igin biiyiik bir kayip nedeni olarak bildirilmektedir. Latent
enfeksiyonlarda, bakteri yogunlugunun dokularda 10%hiicre/gr’a erisinceye kadar yumusak giiriikliik
simptomunun olugsamayabilecegi bildirilmistir (Perombelon, 2002). Latent enfekteli yumrular enfeskyion kaynag:
olan 5 adet P. carotovorum subsp. carotovorum, 2 adet P. atrosepticum ve 1 adet P. carotovorum subsp. brasiliense
nemli hiicre sartlar1 olusturularak izole edilmistir. Hastalik belirtisi gdsteren 54 yumru &rneginden direk izolasyon
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yapilmadan dnce daha az saprofitik bakteri izolasyonu ger¢eklestirmek amaciyla yumrularin en saglikli kisimlar
kesilerek nemli hiicre sartlarinda yumusak ciiriikliik olusumu tekrarlanmistir.

Tablo 2. Tanis1 yapilan Pectobacterium izolatlar
Table 2. Bacterial strains of Pectobacterium identified

)sb )EP )
§ £ 285 iE = ¢ z £ £ 4, & 3
= a S 2 o (~ 3 $
S1 Pba  Simptom Yozgat/Merkez = Nigde + - + + + - -
S2 Pba Simptom Yozgat/Merkez = Nigde + - + + + - -
S3  Pcbhr Latent Kirsehir/Kaman  Nigde + - + + + + -
S4 Pcc  Latent Kirsehir/Kaman  Nigde + - + + + + -
S5 Pcc  Latent Kirsehir/Kaman  Tokat + - + + + + -
S6 Pcc  Latent Kirsehir/Kaman  Tokat + - + + + + -
S7 Pcc  Simptom Kirsehir/Kaman  Tokat + - + + + + -
S8 Pcc  Simptom Kirsehir/Kaman  Adana + - + + + + -
S9 Pec  Simptom Yozgat/Merkez  Adana + - + + + + -
10 Pec  Simptom Yozgat/Merkez  Tokat + - + + + + -
S11  Pbha Simptom Yozgat/Merkez  Tokat + - + + + - -
S12 Pbha Simptom Yozgat/Merkez  Tokat + - + + + - -
S13  Pbha Simptom Yozgat/Merkez  Tokat + - + + + - -
S14  Pba Simptom Yozgat/Merkez  Tokat + - + + + - -
S15  Pba Latent Yozgat/Merkez ~ Tokat + - + + + - -
S16  Pba Latent Yozgat/Merkez ~ Tokat + - + + + - -
S17  Pcc Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S18  Pcc Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S19  Pcc  Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S20  Pcc  Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S21 Pcc  Simptom Yozgat/Merkez = Nevsehir + - + + + + -
S22 Pcc Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S23  Pcc Simptom Yozgat/Merkez  Nevsehir + - + + + + -
S24  Pcc  Latent Yozgat/Merkez ~ Nevsehir + - + + + + -
S25  Pcc  Latent Yozgat/Merkez ~ Nevsehir + - + + + + -
S26  Pec Simptom Yozgat/Merkez  Nevsehir + - + - + + +

S27  Pec Simptom Yozgat/Merkez  Nevsehir + - + - + + +

* Pba: P. atrosepticum; Pcc: P. carotovorum subsp. carotovorum; Pcbr: P. carotovorum subsp. brasiliense; Pec:
Pectobacterium spp.

Yumusak ciiriikliik belirtileri gosteren 19 simptomlu yumru &rneginde 9 adet P. carotovorum subsp.
carotovorum, 6 adet P. atrosepticum ve 4 adet Pectobacterium olarak smiflandirilan izolat elde edilmistir. Dees
ve ark. (2017) Norvec yumusak ciiriikliik izolatlarinin sirasiyla en fazla P. atrosepticum ve P. carotovorum subsp.
carotovorum’ a ait oldugu, Polonya izolatlarinin ise P. carotovorum subsp. carotovorum ve P. parmentieri (=P.
wasabiae)’ye ait oldugunu bildirmistir. P. atrosepticum izolatlar1 37°C gelisme gosterirken %5 NaCl’yi tolere
edememektedir (De Neergaard ve ark., 2020). Bu ¢alismada elde edilen P. atrosepticum izolatlari i¢in de ayni
sonuglar elde edilmistir ve Frenchon ve ark. (1998)’de belirtildigi gibi izolatlar Y45/Y46 primerleri ile 439 bg
PCR iiriinii olusturmuslardir. Ulkemiz patates {iretminde varlig1 sinirh sayida da olsa bildirilen Dickeya izolatlarina
elde edilen 27 izolat arasinda ADE1/ADE2 primerleri kullanilarak yapilan PCR c¢aligmasi neticesinde
rastlamilmamistir (Tsror ve ark., 2009; Toth ve ark., 2011). Yumru yumusak ¢iiriikliigiinde bakteriyel enfeksiyon,
patojenin yerlestigi lentisel, stolonun sonu ve yaralardan baslayip lezyonlar yumrunun tamamina ve beraber
depolanan diger komsu yumrulara bulasmaktadir (Czajkowski ve ark., 2011). Simptom gosteren yumrulari 19
adedinde Pectobacterium izolati enfeksiyon kaynagi olarak belirlenmistir. Yapilan caligmalarda yumusak
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clirikliige neden olan pektolitik 6zellikte Bacillus spp., Enterobacter spp., Leliotta spp., Clostridum spp.,
Flavobacterium spp. ve Pseudomonas spp. gibi firsatc1 sekonder bakterilerden kaynakli yumusak ciiriikliik
enfeksiyonlar bildirilmektedir (Perombelon, 2002). Calismamizda saprofitik karakterli bu bakterilerle enfekteli
olma ihtimali oldugu disliniilen yumrulardan Pectobacterium izolatlarinin baskilandif1 ve Pectobacterium
etmenine ait kolonilerin izole edilemedigi diistiniilmektedir. Yumusak ciiriikliik etmenleri arasinda genis konukcu
araliginda ve farkli cografyalarda P. carotovorum subsp. carotovorum kaynakli enfeksiyonlar tiim diinyada daha
yaygindir (De Haan ve ark., 2008). 37°C’de ve %5 NaCl’de gelisebildigi bildirilen P. carotovorum subsp.
carotovorum izolatlart i¢in yapilan EXPCCF/EXPCCR primerleri ile beklenen 550 bp PCR fiiriinii 14 izolat igin
elde edilmistir (Kang ve ark., 2003). Uzun yillardir P. atrosepticum izolatlari, Avrupa kitas1 gibi daha iliman
bolgelerde yaygin enfeksiyon kaynaklarindan biridir. Sicaklik Pectobacterium izolatlarinin enfeksiyon
olusturmas1 ve tlir/alt tiir kompozisyonu ve dokulardaki hiicre yogunluguna en fazla etki eden faktor olarak
bildirilmektedir (Du Raan ve ark., 2016). Arazi kosullarinda farkli tiirler ile yapay inokule edilen ana yumrulardan
gelisen bitkilerin olusturdugu yavru yumrulardaki tiirlerinin baskinligi sicaklik ve nem gibi iklim verilerine gore
degisebilmektedir (Skelsey ve ark., 2018). Bu nedenle, iklim degisikli§i nedeniyle patojen popiilasyonunda
farklilik olustugu ve enfeksiyon sorumlusu olarak P. parmentieri ve P. carotovorum subsp. brasiliense
etmenlerinin diinya genelinde 6n plana c¢iktigi ve P. atrosepticum izolatlarimin daha az izole edildigi
bildirilmektedir (Van der Wolf ve ark., 2017).

Ulkemizdeki yumusak ciiriikliik hastalig1 bildirimlerinde en fazla oranda P. carotovorum subsp. carotovorum
etmeni ile P. atrosepticum kaynakli enfeksiyonlarin oldugu bildirilmistir (Benlioglu, 1991). Ayrica, son yillarda
P. carotovorum subsp. brasiliense ve P. parmentieri izolatlarmin neden oldugu siddetli karabacak enfeksiyonlari
diinyada oldugu gibi iilkemiz patates iiretim alanlarinda da dikkat ¢ekmektedir (Oztiirk, 2017). Diinya genelinde
major enfeksiyon kaynagi olarak P. carotovorum subsp. carotovorum, P. atrosepticum, P. parmentieri ve P.
carotovorum subsp. brasiliense etmenleri bildirilmektedir (Potrykus ve ark., 2014). Bu ¢alismada en fazla P.
carotovorum subsp. carotovorum (14 adet), P. atrosepticum (8 adet) ve P. carotovorum subsp. brasiliense (1 adet)
izolat1 elde edilmistir. P. parmentieri izolatlarinin 37°C ve %5 NaCl’de gelisemedigi bildirilmektedir (Pitman ve
ark., 2008; 2010). Bu calismada 37°C ve %5 NaCl’de gelisememe gosteren higbir izolat elde edilememistir. P.
parmentieri izolatlarini tanilayabilen PHF/PHR primerleri ile yapilan PCR ¢aligmasinda beklenen PCR {iriinii
olusmamus ve iilkemizde varligi bildirilen P. parmentieri izolatlarina bu g¢alismada rastlanilmamistir (Pitman ve
ark., 2008; De Boer ve ark., 2012;.Waleron ve ark., 2013; Ozturk ve ark., 2016; Oztiirk, 2017). Heterojen oldugu
bildirilen Pectobacterium spp.’de atipik izolatlarin varligi karsilagilabilir bir durumdur (Duarte ve ark., 2004;
Pitman ve ark., 2008). Caligmada elde edilen S9, S10, S26 ve S27 izolatlar1 sadece Y1/Y2 primerleri ile sonug
vererek Pectobacterium spp. olarak tanilanmistir. Diger tan1 primerleri ile sonug elde edilemeyen bu izolatlardan
S26 ve S27 izolatlar1 39°C gelisme gosterirken tiitiinde asir1 duyarlik olusturamamisladir. Atipik izolatlarin daha
sonraki caligmalarda korunmus gen bdlgelerine dayali sekans analizleri yapilarak tiir tanilarmin yapilmasi
planlanmaktadir (Cigna ve ark., 2017; Nabhan ve ark., 2012b; Pasanen ve ark., 2013).

4. Sonug¢

Bu ¢alisma ile farkli illerde depolandiktan sonra tiiketime sunulmak amaciyla Yozgat Merkez ilgesi ve Kirsehir
Kaman ilgesine getirilen patates yumrularinda Pectobacterium izolatlarinin varligi belirlenmistir. Pectobacterium
izolatlarinin toprak, sulama suyu, akarsu, gélet ve deniz suyu gibi ¢cevresel 6rnekler ile bocek larva ve pupalarinda
yasamini siirdiirebildigi bildirilmektedir. Yumrulardaki enfeksiyon kaynagi olan bakteriyel etmenlerin gevresel
bulagmalara neden oldugu anlasilmaktadir (Perombelon, 1992; Agrios, 2005; Czajkowski ve ark., 2015; Rossmann
ve ark., 2018). Yumusak c¢iiriikliik belirtileri gosteren yumrularin kontrolsiiz bir sekilde uzaklastirildig, latent
enfekteli yumrularin bir siire sonra ¢iiriime belirtilerini gdstermesi nedeniyle market degerini yitirerek diskalifiye
edildigi gézlemlenmistir. P. carotovorum izolatlari farkli konukgularda hastaliga neden olabilmektedir. Ozellikle
P. carotovorum etmeni ile enfekteli latent yumrularin patates iiretimi yapilmayan hastaliktan ari bolgelere
nakledilmesi nedeniyle farkli konukcu bitkilerin iiretiminde verim ve kalite kayiplar1 yasanabilecegi
diisiiniilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Harran Ovasinda Cift¢ci Sulamalarimin Bazi1 Performans Gostergeleri

Some Performance Indicators of Farmer Irrigation in Harran Plain

Baris BAHCECIH

Oz

Bu c¢alismada, Harran Ovasinda rastgele secilen ciftci sulamalar izlenerek, tarla egimleri, akis debileri, tarla
sulama uzunluklari, Christiansen tekdiizelik katsayis1 (CU) ve dagilim tiirdesligi (DU), derine siiziilme orani (DPr),
su uygulama randiman (E.), sulama yeterliligi (I.), su ihtiyact verimliligi (E:), kuyruk suyu orani (TWg)
belirlenmistir. Sulamalarda tarlalarin biiyiik boliimleri yetersiz su alirken akis debilerinin biiyiikligii ve sulama
stirelerinin sulamacinin deneyimine goére tahmin edildigi gézlenmistir. Border sulamalarinda {i¢ kariktan olusan
seritler teskil edilmektedir. Su onii karik veya borderde tarla sonuna geldiginde su kesilmekte ve giindiiz
sulamalarinda genellikle kuyruk suyu olugsmamaktadir. Ciftci sulamalarinda mevcut nem dikkate alinmadigi,
sulama yapilirken, arazi tesviyesinin yiizey sulamasi i¢in genellikle yeterli olmadig1 ve hatta ayni tarlada yer yer
egim farkliliklarin oldugu belirlenmistir. Harran Ovasinda sulama sisteminde asir1 su kayiplariin ana
nedenlerinden biri ve belki de en &nemlisinin kontrolsiiz gece sulamalar1 oldugu goriilmiistir. Sulama suyu
ihtiyacinin yogun oldugu zamanlarda bile, sulama suyunun biitiin gece dogrudan drenaj kanallarina akmasi bu
goriisii dogrulamaktadir. Bazi sulamalarda tarlanin tamaminin yetersiz sulandigi belirlenirken, E. degeri %88 olan
bir sulamada, arazinin yarisinin asiri, diger yarisinin ise yetersiz su aldig1 belirlenmistir. Tarla i¢i yiizey sulama
uygulamalarinda derine siiziilme degerleri %9 ile 38 arasinda degisirken, izlenen sulamalarda CU degerleri %66-
96 araliginda bulunmustur. Ote yandan, DU degerleri %46-85, sulama randimanlar1 (E,) %62-91 arasinda
bulunmustur. Bu sulamalarda yiiksek E. degerleri, eksik sulamadan kaynaklanmustir. Karik ve borderlerin sonunda,
sulama suyunun agik drenaj kanallarina akmasini sinirlamak veya durdurmak i¢in karik ve border sonlar1 genellikle
kapatilmaktadir. Gozlemler, tarla ve toprak 6zelliklerinin benzer olmasina ragmen, farkli karik/border uzunluklari
kullanildigin1  gostermistir. Genel olarak tarla uzunlugu ile karik veya bordilir uzunlugunun, yani sulama
uzunlugunun esit oldugu, sulama boylarinin 108-570 m arasinda degistigi belirlenmistir. Sulama suyu fiyati, su
hacmine gore degil, alansal biiyiikliige ve iiriin tiiriine bagli oldugundan, 6zellikle denetimsiz gece sulamalarinda
asir1 miktarlarda sulama suyu denetimsiz bir sekilde drenaj kanallarina akmaktadir. Dolayisiyla yliksek su kayiplari
olugmakta, devasa miktarlarda su drenaj kanallariyla tahliye edilirken, bir boliimii Harran Ovasinin mansabindaki
diisiik kotlu arazilerde birikerek, yeralt1 suyunun yiikselmesine drenaj ve tuzlanma sorunlarinin yayginlagmasina
neden olmaktadir.

Anahtar Kkelimeler: Harran ovasi, Yiizey sulama, Performans gostergesi, Sulama randimani, Derine siiziilme
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Abstract

In this study, randomly selected farmer irrigations in the Harran plain were monitored, field slopes, flow rates,
field irrigation lengths, Christiansen uniformity coefficient (CU) and distribution homogeneity (DU), deep
percolation rate (DPr), water application efficiency (E.), irrigation efficiency (I.), water requirement efficiency
(Er), tail water ratio (TWR) were determined. It has been observed that large parts of the fields receive insufficient
water during irrigation, the size of the flow rates and the irrigation times are estimated according to the experience
of the irrigation. In border irrigations, strips consisting of three furrows have been formed. When the water reaches
the end of the field in the furrow or border, the water is cut off and there is usually no tailwater in daytime irrigation.
moisture deficit in the soil is not taken into account in irrigation. During irrigation, it has been determined that the
land levelling is generally not sufficient for surface irrigation and there are even slope differences in the same field.
It has been observed that one of the main and perhaps the most important causes of excessive water losses in the
irrigation system in the Harran Plain is uncontrolled night irrigations. Even when the need for irrigation water is
intense, the fact that the irrigation water flows directly into the drainage channels all night confirms this view. In
some irrigations, it was determined that half of the land was over-irrigated and the other half received insufficient
water. In the field surface irrigation applications, the deep infiltration values varied between 9 and 38%, while CU
values were found in the range of 66-96% in all irrigations monitored. On the other hand, while DU values
generally vary between 46 and 85%, irrigation efficiency (E.) varies between 62-91%, it is understood that high
Ea values are due to incomplete irrigation. At the end of furrows and borders are usually had been closed to limit
or stop irrigation water from flowing into open drainage channels. Observations have shown that although field
and soil characteristics are similar, different furrow/border lengths are used. In general, it was observed that the
length of the field and the length of the furrow or border were equal, and the irrigation lengths vary between 108-
570 m. Since the price of irrigation water depends on the areal size and product type, not the water volume, a lot
of water have been flowing into the drainage channels in an uncontrolled manner, especially in uncontrolled night
irrigations. Therefore, high water losses occur, while huge amounts of water are discharged through drainage
channels, some of it accumulates in the low-lying lands downstream of the Harran plain, causing groundwater to
rise and drainage and salinization problems become widespread.

Keywords: Harran plain, Surface irrigation, Performance indicators, Irrigation efficiency, Deep percolation
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1.GIiRiS

Yiizey sulama yontemi, diinyadaki sulanan alanlarm %@83'linden fazlasini kapsayan en eski ve en yaygin
yontemdir. Yiizey sulama, binlerce yil boyunca gelistirilen geleneksel sistemleri, mekanize ve genellikle
otomatiklestirilmis su uygulamalarin1 ve hassas arazi diizenlenmesini benimseyen modern sistemleri kapsar
(Pereira ve Gongalves, 2018).

Yiizey sulama, isletimi basit olmasina ragmen fazla su kayiplar1 nedeniyle diger tiim sulama sistemleri arasinda
daha fazla dikkat edilmesi gereken bir sistemdir. Yiizey sulamanin kullanimini destekleyen ve sinirlayan birgok
etmen vardir. Diisiik infiltrasyon hizlarina sahip diiz arazilere gereksinim duyan bu yontemin uygulanmasi basittir.
Sistem, kanal ve diisiik basingli boru sistemleri ile su iletimi ve dagitimi saglar. Diisiik sermaye yatirimi ile diisiik
enerji gereksinimi gibi olumlu &zellikleri nedeniyle yaygin olarak kullanilmaktadir (Kanber, 1997, USDA-
SCS,1983).

Yontemin en dnemli sinirlamalari, arazide yiiksek ve degisken infiltrasyon hizi, arazi tesviye gereksinimleri,
sabit bir su giris hizim1 kontrol etme ihtiyaci, sulama sirasinda sulama siiresinin toprak su acigi ile
eslestirilmesindeki zorluklar, mekanize veya otomatik su uygulamasi ile dagitimindaki zorluklardir.

Yaklagik 150 bin hektarlik diiz arazilere sahip Harran Ovasi sulamasi, yiizey sulama sistemiyle Tiirkiye'nin en
biiyiiklerinden biridir. Ancak ova topraklarmin infiltrasyon hizlar yiiksektir (Karaata, 1991). Son yillarda 6zellikle
asir1 su kayiplart yaninda ovanin mansabi basta olmak iizere, degisik yerlerde ortaya ¢ikan drenaj ve tuzlanma
sorunlari, sulamanin siirdiiriilebilirligi ve ¢evre iizerindeki etkileri konusunda kuskulara neden olmaktadir.

Diiz arazilerde karik, uzun tava (border) veya tava gibi yiizey sulama yontemleri uygulanir. Yiizey sulamada
derine siiziilme kayiplarini en aza indirmek i¢in, sulama suyunun miimkiin olan en kisa siirede, erozyona neden
olmadan, karik, border veya tavanin alt ucuna ulagsmasi gerekir. Boylece tiim tarla boyunca infiltrasyon firsat siiresi
esit olur.

Infiltrasyon hizlarinin yer ve mevsime baglh yiiksek degiskenligi nedeniyle sulama verimliligi énemli dlgiide
azalir (Linderman ve Stegman, 1971; Viera ve ark., 1981; Shafique ve Skogerboe, 1983; Ley ve Clyma, 1981;
Jaynes ve Clemmens, 1986). Anthony (1995), yiiksek kil icerigine sahip topraklarin, kok bolgesi altina, yani derine
sizma kayiplarinin daha diisiik olmasi nedeniyle, yiizey sulama yontemleri i¢in daha uygun oldugunu belirtmistir.

Yiizey sulama performanslari {izerine ¢ok sayida ¢alisma yapilmistir (Criddle ve ark., 1956; Jensen ve Howe,
1965; Hart ve ark., 1980; ASAE,1994). Sener ve ark., (2007), Hayrabolu sulama sisteminde sulama orani ve
stirdiiriilebilir sulama alani olarak degerlendirilen fiziksel performans degerini, zayif olarak belirlemistir. Sener ve
Kurg, (2012) sulama sebekelerinin yanlis, yetersiz ve uygun olmayan bir sekilde yonetilmeleri nedeniyle, beklenen
diizeyde fayda saglanamadigina deginirken, Horst ve ark., (2005) Aral G&lii Havzasinda sulama performansini
belirlemek i¢in yaptiklari ¢alismada en iyi performanslar, sirastyla %80 ve %83'e kadar yiiksek E, ve DU iireten
ve 1.8 15! giris debisi olan alternatif uzun oluklar igin elde edildigini ve 200'den 300 mm'ye kadar mevsimsel su
tasarrufu sagladigini, Azmi ve Sarmadi, (2012), Sistem Dinamik yaklasimini kullanarak yiizey sulama sistemi
performansini degerlendirmis ve uygulama randimanini tasarim degiskenleri ile iyi bir iliski icinde oldugunu ve
yeralti sularinda derine sizma ve sulamanin kirlenmesini degerlendirirken kullanilacak en 6nemli parametre
oldugunu bildirmislerdir.

Sulama verimliligini artirmak i¢in araziyi sulamaya hazirlamanin yam sira ylizey sulamada farkli akis
modelleri kullanilmaktadir. Yiizey sulama kariklarinda azalan su uygulama oranlarinin sulama randimani

acisindan daha iyi sonuglar verdigi belirtilmektedir (Kanber ve ark., 2001).

Yapilan gozlemlere gore Harran Ovasmin yaklasik %90'nda yilizey sulama yontemlerinden biri
kullanilmaktadir. Ovada en yaygin yiizey sulama yontemi siirekli akish karik ile ii¢ kariktan olusan uzun tava
yontemidir. Bu ¢alismada, rastgele secilmis ciftci tarlalarinda sulama uygulamalar1 izlenerek bazi performans
gostergeleri belirlenmistir. Boylece sistem performansinin diismesine neden olan etmenlerin ortadan kaldirilmasi
ile sistem performansinin gelistirmesi amaclanmistir.
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2. MATERYAL VE YONTEM
2.1. Materyal
2.1.1. Calisma yeri

Calisma alani, Harran Ovasi olup, Giineydogu Anadolu bdlgesinde yer almakta olup, konumu 36.90 enlem ve
39.01 boylam olarak haritada gosterilmektedir. Ova kuzeyinde Sanliurfa ve Germiis daglari, giineyinde Tiirkiye-
Suriye devlet sinir1, dogusunda Tektek Daglari, batisinda Fatik Daglar1 ile ¢evrilmistir. En genis yeri giineyde 60
km, en dar yeri ortada, Tektek Daglar1 ile Fatik Daglar arasinda 30 km, uzunlugu kuzey-giiney yoniinde yaklagik
65 km'dir. Topografik yap1 yoniinden genel olarak diiz ya da diize yakindir. Egim %0-2 arasinda olup, yaklagik
500 m yiiksekliginden, Suriye smirina dogru 335 m’ye kadar diismektedir. Toplam alan1 225 000 ha olup,
ongoriilen sulama alan1 151 000 ha’dir (DSI, 2004). Ovanin deniz seviyesinden yiiksekligi 335-460 m arasinda
degismekte olup, yiiksek tuzlanma riski olan yaklagik 20.000 hektarlik arazi vardir.

2.1.2. Toprak ozellikleri

Harran Ovasi, aliiviyal ana materyale, diiz ve diize yakin egime, derin topraklara sahiptir. Tipik kirmiz1 profilli
ve kil biinyelidir. Tiim profil ¢ok kirecli olup, asagilara dogru artan yogunlukta kireg cepleri icermektedir. Organik
madde igerigi diisiik, katyon degisim kapasitesi kil icerigine bagli olarak alt katmanlara dogru artmaktadir (Ding
ve ark., 1991). Ova topraklarmin infiltrasyon hizlari 12-116 mm h™' arasinda degismekte olup, genellikle yiiksektir
(Karaata, 1991).

2.1.3. iklim

Harran Ovasi'nda kurak iklim kosullar1 hakim olmakla birlikte, Akdeniz ikliminin etkisi de gériilmektedir. Yaz
aylari sicak ve kurak, kis aylari ise soguk ve yagishdir. Gece ve giindiiz arasindaki sicaklik farki oldukea fazladir.
Yillik ortalama yagis 463.3 mm, ortalama sicaklik 18.5°C*dir. Yazlan sicak ve kurak gecen bolgenin en sicak
aymin (Temmuz) ortalamast 38.8°C olarak ol¢iilmiistir ve acik su yiizeyinden buharlagmasi 1850 mm’dir.
Yagislarin %56’s1 kis, %30’u ilkbahar, %13’ii sonbahar ve %11 ise yaz mevsiminde diismektedir (DM, 2015).

2.2. Yontem

Sulama performans degerlendirmesi, sulama uygulamalarina (sulama siiresi ve miktarlar1) higbir etki olmadan
arazi kosullarinda yapilmistir. Degerlendirmeler, akis hiz1 (kesik bogaz savak kullanilarak), kariklarin genisligi ve
uzunlugu (serit metre ile), tarla egimi (nivo ile), sulama araligi, infiltrasyon hizlar1 ve topragin bazi fiziksel
ozellikleri belirlenmistir. Sulama izlemeleri ve degerlendirmeleri, herhangi bir tercih veya ayrim gozetmeksizin
rastgele secilen 9 tarlada, pamuk sulamalarinin yapildigi Temmuz-Agustos aylarinda yapilmustir.

2.2.1. Tarla i¢i sulama performans gostergeleri

Tarla i¢i sulama randimani; g — (SMD) (s) +7Z (L — S)
(L)(D,,,)
Esitlik (Es.1)’ de, Ea, uygulama randimani, %; SMD, toprak nem a¢ig1, mm; L, sulanan karik uzunlugu, m; s,
toprak nem agigna esit infiltrasyonun oldugu karik uzunlugu, m; Z;, yetersiz sulamanin yapildig1 alanda infiltre
olan ortalama su derinligi, mm; Dapp, kariga uygulanan su derinligi, mm’dir.

>ld])

(
Tekdiizelik katsayisi; CU = 100 LLOO - ﬁ} d= |X - §| (Es. 2)

(Es. 1)

Esitlik (Es.2)’de n, 6l¢iim sayi1si, X, istasyonlarda dl¢iilen sizan su ve ortalama sizan su derinligi ve d, 6lgiimler
arasindaki farktir.
« .- . )_(lq
Dagilim tiniformitesi, DU =100—= (Es. 3)
X
Esitlik (Es.3)’de DU.,, tarlanin en diisiik su alan c¢eyregindeki ortalama infiltre olan su derinliginin, tim

tarladaki ortalama su derinligine boliinmesi ile hesaplanabilir (Kanber ve ark., 2003; Pereira ve ark., 2012).
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quOlgﬁlen tiim sizma miktarlarmin diisiik ¢eyregi, X oOl¢iilen sizma miktarlarinin genel ortalamasidir.

s(Z,,—SMD)
(L)(Dapp)

Esitlik (Es.4)’de DPy, derine sizma orani, %; Z.., toprak nem acgigindan daha fazla su alan arazi kesiminde
infiltre olan ortalama su derinligi, mm veya cm?’tiir.

Derine sizma orani, D Pr =100 (Es. 4)

Uygulanan ve gerekli olan sulama suyu derinlikleri arasinda fark oldugunda derine sizma kayiplart 4 no’lu
esitlik ile hesaplanmistir (Kanber, 2003; Pereira ve ark, 2012).

Sulama yeterliligi (I.), Karik boyunca kdk bolgesinde depolanan su, arazinin ne kadarmin yeterli su aldigini
belirler.

(SMD)(s)+Z,(L-s)

Su ihtiyact verimliligi, E =100
(L)(SMD)

(Es. 5)

Esitlik (Es.5)’de E:, kok bolgesinde depolanan su ile kok bdlgesinin potansiyel su depolama kapasitesi
arasindaki orandir.

Kuyruk suyu orani, TW,, = 100Dﬂ (Es. 6)

app
Esitlik (Es.6)’da, TWRr, yiizey akis orani, %; Drw, ylizey akisla araziyi terk eden sulama suyu esdeger derinligi,
mm’dir.
Tarla sonundaki ytlizey akisindan kaynaklanan sulama sisteminden kaynaklanan kayiplar kuyruk suyu oraninda
belirtilir.

2.3. Olciimler ve islemler

Sulama uygulamalar1 {izerinde arastirmact etkisi olmaksizin, pamuk sulanirken tercih veya ayrim
gozetmeksizin rastgele segilen tarlalarda Temmuz-Agustos aylarinda yiizey sulama goézlem ve olglimleri
yapilmistir. Sulama dncesi karik ve borderlerin egimi, genisligi ve uzunlugu belirlenmis, karik veya border girisine
kesik bogaz savak yerlestirilmis ve karik boyunca, sulama uzunlugu g6z oniine alinarak 20-30 m araliklarla
istasyonlar olusturulmustur. Sulama siiresince su akis debisi, suyun istasyonlara varis ve ¢ekilis zamanlari, ilerleme
ve ¢ekilme siireleri kaydedilmistir. Test yapilan arazinin infiltrasyon 6zellikleri border sulamalarinda cift silindirli
infiltrometre ile karik sulamalar1 yapilanlarda ise, karigin 20. metresine ikinci bir savak konuslandirilarak giren
cikan akis yontemi ile belirlenmistir.

2.3.1. Infiltrasyon testlerinin degerlendirilmesi.

Border sulamasi yapilan tarlalarda infiltrasyon hizlari gift silindirli infiltrometre ile belirlenirken (James, 1988);
infiltrasyon esitligini elde etmek i¢in zamana dayali1 Kostiakov modeli kullanilmustir.

Z =Kt (Es. 7)

Esitlik (Es.7)’de Z, topraga infiltre olan su derinligi (cm), t, infiltrasyon siiresi (dak); K ve b, toprak hidrolik
katsayilaridir.

Infiltrasyon esitliginin katsayilar1 K ve a, regresyon teknikleri kullanilarak, K, katsayist Walker ve Skogerboe
(1987) yontemi kullanilarak gercek ortalama infiltrasyon derinligi ile diizeltilmistir. Her testte, su onii ve arkasi
karik/border boyunca 30 metre aralikla olusturulan istasyonlara varis siireleri belirlenmis ve akis debileri kesik-
bogaz savaklarla 6lgiilerek, derinlik birimlerine doniistiiriilmiistiir (Kanber ve ark, 2003).

Kariklarda ve borderlerde giren ve ¢ikan su miktarindaki farkin topraga sizdig1 varsayilmistir. Topraga sizan
suyun derinligini (Ziyp mm), Davyp degerlerini belirlemek i¢in 8, 9, 10 ve 11 no’lu esitlikler kullanilmisgtir.

Test yapilan her tarlanin her istasyonundaki derine siiziilme, infiltrasyon firsat siiresi i¢in siiziilen derinlikler
arasindaki farktan hesaplanmistir (Walker, 1989; Walker ve Skogerboe, 1987; Kanber ve ark, 2003).
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-V -V,
Z, = pT‘ =D, —Dg, (Es. 8)
Karik ve border sonunda akis olmadiginda, D, = Z, ve
Ztypzl/n ((Z]+Zn)/2)+zz+. . .Zn»l) (ES 9)
Kadj: Davtyp/ Za (E§ 10)
Zagi=Kagj (1)° (Es. 11)

Esitliklerde; Da. infiltre olan su derinligi, Drr ylizey akis mm, Vap giren su miktari, Vou ¢ikan su miktart ve A
alan, Z, uygulanan su derinligidir (mm). Kagj, Dawyp ve Za ile diizeltilmistir.

Sulama suyunun kariklar/borderlere gére dagilimi, her istasyonda karik/borderdeki infiltrasyon derinliklerini
belirlemek icin infiltrasyon fonksiyonlar1 kullanilmigtir. Daha sonra agagidaki esitlik 12 ile her istasyonda sizan
su derinlikleri hesaplanmistir.

1(Z,+Z,

L=—|—"T4+Z,+Z .+ +Z,, (Es. 12)
n

Z, her istasyonda ifiltre olan su derinligi, mm, n, istasyon sayisidir.

3.3. Sulamalarin degerlendirilmesi

Ornek olarak 3 numarali testte killi topraga pamuk ekilen bir tarla yapilan sulama degerlendirilmesi verilmistir.
Infiltrasyon testi sonunda belirlenen esitlik,

Ziyp = 3.12 %33 olup burada K = 3.12; b = 0.53 tiir.

Olgiilen ilerleme (Ta) ve ¢ekilme (T;) verileri ile cizilen grafikten her istasyondaki net infiltrasyon siireleri Tn
= T:-Ta esitligi ile hesaplanmistir (Kanber, 2003).

1. istasyonda Tn,=135 dakika olup infiltre olan su derinligi;
Ziyp= 3.12 x 153%33 = 42 mm bulunmustur.
[stasyon 2'de

Zayp = 3.12 x 153%5% = 44,88 mm olarak hesaplanmustir. Benzer sekilde her istasyon igin infiltre olan su
derinlikleri hesaplanmig ve elde edilen sonuglar 7ablo I’de verilmistir.

Daha sonra esitlik 10 kullanilarak, hesaplanan sizma degerleri (Zagj) diizeltilmistir (Kanber, 1997; 2003).
Toplam sizan sulama suyu miktarinin, tarlalara giren su miktari ile drenaj kanallarina akan miktar arasindaki fark
oldugu varsayilmigtir.

Tablo 1. 3 numarali test alani igcin hesaplanan sulama parametreleri

Table 1. Calculated irrigation parameters for test field no:3

Uzunluk Tadv T: Th Ziyp Zadj Zreq
m dak dak dak mm mm mm
0 0 135 135 42.00 76.73 120
30 12 165 153 44.88 81.99 120
60 15 169 142 43.14 78.81 120
90 21 175 127 40.66 74.28 120
120 17 182 117 38.93 71.12 120
150 16 187 106 36.95 67.50 120
180 16 197 100 35.82 65.44 120
210 13 205 95 34.86 63.69 120
240 16 215 89 33.68 61.52 120

Da = Vin-Vout /A esitligi kullanilarak, Da = 95.7 mm bulunmustur.
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Daha sonra asagidaki adimlar yinelenmistir.

Davtyp:ZIyp =1/n ((ZI + Zn) / 2) +7Z>+... Zn-]) =52.37 mm
Karik sonunda akis olmadigindan, (D. = Z.), alinmustir.

D.=95.7-0=95.7
Kadj = Davtyp /Z.=95.7/5237X3.12=5.70

Esitlik 11'de hesaplanan Z.g ve Cizelge 2’deki infiltrasyon siireleri (Tn) kullanilarak tiim istasyonlar i¢in
infiltre olan sulama suyu derinlikleri yeniden hesaplanmustir. Ornegin 120. metredeki istasyonda t.=117 dakika
oldugundan infiltre olan sulama suyu derinligi,

Zadi = 5.70 x t*3 kullamlarak, Z>= 71.12 mm bulunmustur.

Islem tiim istasyonlar icin yinelenerek, infiltre olan sulama suyu derinlikleri hesaplanmis ve Tablo 2'de
verilmistir.

2.3.2. Su ihtiyacinin kestirimi

Temmuz ve agustos aylarinda, Harran Ovasinda pamugun giinliik maksimum su tiiketiminin 10.6 mm oldugu
(Karaata, 1991) ve 12-15 giinde bir sulama yapilacagi goz oniine alinarak, her sulamada su ihtiyacinin 120 mm
olacag1 ongoriilmiistiir. Diger taraftan, pamugun etkili kok bolgesi 120 cm ve ova topraklariin elverisli neminin
ortalama 300 mm oldugu ve toprak neminin %40 seviyesinde sulama yapildig1 g6z 6niine alinarak, sulama suyu
ihtiyact (Zreq) 120 mm olarak alinmustir.

3. BULGULAR VE TARTISMA
3.1. Ekim deseni ve sulama yontemi

Harran Ovasinin tamamina yakininda pamuk, bugday, arpa misir ekilmekte olup, sebze ve meyve ve diger
tarim {iriinlerinin ekim alam ¢ok diisiiktiir. izlenen sulamalarda, karik veya border yénteminin uygulanmakta
oldugu ve sulama uzunluklarmin (karik ve border) 108 m ile 570 m arasinda degistigi, ancak ova genelinde sulama
uzunluklarinin tarla boyu ile esit oldugu sdylenebilir. Yiizey akis miktarlarini sinirlamak i¢in karik ve border

sonlart ytikseltilerek kapatilmistir (7ablo 2).

Sulanan tarlalarin yiizey sulama igin yeterince hazirlanmadigy, ince tesviye yapilmadig goriiliirken, izlenen
9 sulama olaynin biri disinda, test edilen tarlalardaki egimler ortalama %0.05 ile 1.68 arasindadir. Ancak tarla
icinde egim degiskenliklerine ve ters egimlere rastlanmaktadir (7ablo 2).

3.2. Akus debileri.

Test yapilan tarlalarda uygulanan birim akis debileri 2.19 ile 3.10 I s'-m arasinda degismistir (Tablo 2). Bu
degerler, toprak biinyeleri ve tarla egimleri i¢in kabul edilebilir bir aralik i¢inde kabul edilmektedir (Kanber, 1997).

Tablo 2. Test yapilan tarlalarin baz fiziksel ozellikleri
Table 2. Some of the physical characteristics of tested fields

Test Binye Sulama o q q _g_,_E“irr} %
no yontemi ls! 1s'-m Max Min Ortalama
1 C B 340 6.50 3.10 1.17 0.20 0.68
2 C K 200 1.54 2.20 0.78 0.14 0.25
3 C B 240 6.50 3.10 0.51 0.20 0.31
4 C K 270 1.53 2.19 3.00 -0.09 1.68
5 C K 108 1.97 2.81 0.30 0.02 0.05
6 C K 390 1.58 2.26 0.70 0.50 0.25
7 C B 343 4.6 2.19 1.00 -0.40 0.38
8 C B 570 5.93 2.82 0.40 -0.08 0.10
9 C K 480 1.58 2.26 0.60 0.10 0.27

*B; border, K, karik, L, uzunluk, q, debi
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3.3. Sulama performans gostergeleri

Elde edilen verilerle, yaklasik olarak esit sulama uzunluklarina sahip 3 sulama olaymin grafikleri Seki/ /'de
verilmistir. Sekilde goriildigii gibi, Test 1'de, tiim tarlada asir1 sulama nedeniyle derine siiziilme artmis ve Ea
degeri %62'ye diismiistiir. Test 3’te, Ea degeri %88 iken, tarlanin tamami yetersiz sulanmistir. Yedi numarali testte
tarlanin yarisi asirt sulanmig ve diger yarisi yetersiz sulanmstir (Sekil 7).

Tarla i¢i yiizey sulama uygulamalarinda derine siiziilme degerlerinin %9 ile 38 arasinda degistigi goriilmiistiir.
Tiim test tarlalar1 icin CU degerleri %66-96 araliginda bulunmustur. Ote yandan, genel olarak DU degerleri %46

ile 85 arasinda, sulama randimanlari (E.) %62-91 arasinda degisirken, yiiksek Ea degerlerinin, eksik sulamadan
kaynaklandigi anlasilmaktadir (Tablo 3).

Sulama yeterliligi (I.); bir sulamada tarlanin tamaminin yeterli su aldigi, ancak derine siizlilmenin en yiiksek
oldugu, 2 sulamada ise tarlalarin tamaminin yetersiz su aldigi, diger sulamalarda sulama yeterliliginin %20-60
arasinda degistigi belirlenmistir (Tablo 3).

Su ihtiyaci verimliligi; bir sulama olay1 disinda E: yetersiz bulunmustur. Genellikle karik ve borderlerin menba
kisminin asir1, mansap kisimlarimin eksik sulandigi belirlenmistir.
Kuyruk suyu orani; tarla sonunda kariklar ve borderlerin sonu kapali oldugu i¢in yiizey akisi 6lgiilmemistir.

Bu yiizden TW;: hesaplanmamistir. Ancak ovada gece yapilan sulamalarda asir1 miktarda kuyruk suyunun drenaj
kanallarina aktig1 goriilmiistiir.

400 250
% 200 4 " 200
o Iy
g 20 o
Test E 100 4 —e— Tadv N —— Zad)
1 N —e— Tr 50 1
o —p 71030
v . v T T T 0 . . . v N v
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Karik/border uzunlugu, m Karik'border uzunlugu, m
160
200
20
_ 200 o " .
Test - _ — ’ B0 4 %
3 5— 100 Tadv N o4p 4 ——2Zad]
N ’ : : Ll 0 s r r
] 50 100 150 200 250 0 50 100 150 200 250
Ka o ger uZuniugu, m Ka [ ger uzuniugu. m
400 180
_ 300 - AN gzom—““-—
Test " o200 o N 80 -
€S =] . :
£ 100 A ——Tadv ap 4 —Zadj
7 N ——Tr —— Zreq
0 i 0 r - T . T 1
O 50 100 150 200 250 200 350 0 50 100 150 200 250 300 350
Karik/border uzunlugu, m Karik /border uzunlugu,m

Figure 1. Examples of excessive, deficit and partially full and partially deficit irrigation applications
Sekil 1. Asin, eksik ve kismen tam ve kismen eksik sulama uygulamalarina ornekler

CU ve DU arasinda pozitif yiiksek bir korelasyona sahip bir iliski bulunurken, sulama uzunluklari ile CU ve DU
arasinda ise olumsuz egilimli iligkiler bulunmustur. Testlerden elde edilen degerlere gore karik ve border
uzunluklarinin artirilmasi, DU degerlerinde CU degerlerine gore daha yiiksek diisiislere neden olmaktadir (Sekil 2).
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Horst ve ark., (2005) Aral Golii Havzasinda 1.8 1 s™! giris debisi olan alternatif uzun kariklar ile %80 ve %83'e kadar
ulasan yiiksek Ea ve DU elde edildigini belirtmistir.

Karik veya border uzunlugu 150 m'yi asarsa, CU ve DU degerlerindeki diisiisiin dnemli Slgiide arttig
bildirilmistir (Holzapfel ve ark. 2010). Sulama uzunlugundaki artig, arazinin son ¢eyreginin yetersiz sulanmasina
neden olmaktadir. Regresyon analizleri, bu ¢alismada karik uzunlugu ile CU ve DU arasinda negatif bir iliski
oldugunu gostermistir (Sekil 3).

Karik uzunlugunun arttirilmasi Ea, CU ve DU degerlerinin azalmasina neden olurken (Holzapfel ve ark., 2010),
akis hizinin artmasi derine siiziilme ve depolama verimliligi digindaki tiim gostergelerin artig egilimi gostermesine
neden olmustur (Assefa ve ark., 2017).

Tablo 3. Harran ovasinda yiizey sulamasina iliskin bazi performans gostergeleri

Table 3. Surface irrigation some performance indicators in Harran plain

:zSt L, m S, % Yontem Ta D, mm E. CU DU E-r I. DPr
max min  Ort. dak max min Ort. %
1 180 1.17 0.20 0.68 B 240 233 168 194 62 89 85 100 100 38
2 200 0.78 0.14 0.25 K 142 163 48 119 75 72 46 99 60 25
3 240  0.51 0.20 0.31 B 255 105 95 102 88 96 94 85 0 12
4 270 3.00 1.60 0.09 K 273 135 98 105 85 80 68 88 60 15
5 108  0.30 0.02 0.05 K 41 42 32 40 91 8 82 33 40 9
6 390 0.70 0.50 0.25 K 136 34 10 24 88 66 49 20 45 12
7 343 1.00 0.20 0.40 B 280 102 29 72 80 72 51 60 20 20
8 570 0.40 0.08 0.10 B 270 150 30 102 84 66 48 85 45 16
9 480  0.60 0.10 0.27 K 285 150 25 102 78 75 56 8 0 22

*B, Border, K, Karik, L, Uzunluk, S, egim, q, debi, T., infiltrasyon stiresi, Da, infiltrasyon derinligi

Sener ve ark., (2007) Hayrabolu sulama sisteminde sulama orani ve siirdiiriilebilir sulama alan1 olarak
degerlendirilen fiziksel performans degerini zayif bulurken, Sener ve Kurg, (2012) sulama sebekelerinin beklenen
diizeyde fayda saglanamadigini, Azmi ve Sarmadi, (2012), su uygulama randimaninin tasarim degiskenleri ile iyi
bir iligki i¢inde oldugunu bildirmislerdir.

100 ° 120 cU oDU
30 ® 100 ° CU = -0.0483L + 93,048
R?=0.47
" < 80 6. °
$ 60 I . .
o ;® 2 60
2 ': = ° o °
A 40 CU = 1.694DU - 67.998 2 40 ° °
R?=0.949
20 20 DU =-0.0765L + 87.972
R?=0.39
0 0
50 70 90 110 0 200 400 600
CU, % Karik veya border uzunlugu, m
Figure 2. Relationship between CU and DU Figure 3. Variation of CU and DU values with
Sekil 2. CU ve DU arasindaki iliski irrigation length

Sekil 3. CU ve DU sulama uzunlugu ile degisimi
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4. Sonug

izlenen sulamalarda giftcilerin su temini konusunda probleminin olmadigi sdylenebilir. Ancak su dagitimi
rotasyon yontemi ile yapildigindan, tersiyerlerde her zaman su bulunmamaktadir. Ovadaki igletim sistemine gore
tersiyerlere 15 gilinde bir su verilmektedir. Onun igin belirlenen bir zamanda ve siirede sulama yapilmasi
gerekmektedir.

Gozlemlenen tiim sulamalarin karik veya border yontemi ve siirekli akis ile yapildig1 goriilmistiir. Sulayicilar
kiirek disinda herhangi bir alet veya ekipman kullanmamaktadir. Karik ve borderlerde akis debisi, suyun
saptirilmasi ve dagitimi g6z karari ile yapilmaktadir. Su 6nii karik sonuna ulastiginda sulama sonlandirilmaktadir.
[zlenen sulama olaylarinda tarla iginde sulamadan ileri gelen 6nemli bir su erozyonu gézlenmemistir. Ancak gece
boyunca kontrolsiiz olarak drenaj kanallarina akis nedeniyle kanallarda onemli diizeyde siltasyon oldugu
belirlenmistir.

Sonuglar, sulamalarin 2 tarlanin %100’tinde, bir tarlanin %80'inde, bir sulama olayinda tarlanin %60'inda
yetersiz oldugunu, 6 sulama olayinda tarlalarin %30-40’min yetersiz oldugunu, kalan kisimlarin asir1 oldugunu
gostermistir.

Karik ve borderlerin sonunda, sulama suyunun agik drenaj kanallarina akmasini sinirlamak veya durdurmak
icin karik ve border sonlar1 kapatilmaktadir. Gozlemler, tarla ve toprak 6zelliklerinin benzer olmasina ragmen,
farkli karik/border uzunluklar1 kullanildigini gostermistir. Genellikle tarla uzunlugu ile karik veya border
uzunlugunun esit oldugu goriilmiistiir.

Sulama suyu fiyati, su hacmine gore degil, alansal biiyiikliigiine ve iiriin tiiriine bagh oldugundan, 6zellikle
denetimsiz gece sulamalarinda ihtiyagtan ¢cok daha fazla su drenaj kanallarina akmaktadir. Dolayisiyla yiiksek su
kayiplari, Harran ovasinin mansabindaki diisiik kotlu arazilerde birikerek, yeralti suyunun yiikselmesine ve
tuzlanma sorunlarmin artmasina neden olmaktadir.
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Enhancement of Androgenesis and Plant Regeneration From Wheat Anther Culture
by Seed Pre-Sowing Gamma Irradiation

Ekim Oncesi Tohumlarin Gamma Isinlamasi ile Bugday Anter Kiiltiiriinden Adnrogenesis ve
Bitki Rejenerasyonunun Artirilmasi

Oguz BILGIN" Soner Yigit SARIER?, ismet BASER?, Alpay BALKAN*
g g p

Abstract

Combination breeding and mutation breeding are widely used methods in plant breeding. Intensive studies are
carried out on biotechnological methods that will allow obtaining homozygous lines in a short time in
populations obtained with these two techniques. Numerous studies have been carried out by different researchers
on mutation breeding in wheat. There are few studies on anther culture response in mutagen-treated genotypes.
Two different bread wheat promising advanced lines were used as the material in the study, in which the
possibilities of combining mutation breeding with anther culture through ionizing radiation in high quality wheat
breeding were investigated. In the study, the responses of advanced bread wheat mutant lines to anther culture, to
which eight different doses of gamma rays (0, 100, 150, 200, 250, 300, 350, 400 Gy) were applied, including the
control, were investigated. There are significant differences between genotypes and irradiation doses for all traits
studied. It has been shown that it is possible to decrease albinism and increase the response of anther culture with
dose-dependent gamma irradiation depending on bread wheat varieties. In the multiple comparison test to
classify the difference between doses; statistically, 150 gray dose 5.60 is in the first statistical class and in the
first place with the number of transferred green plants. After that, it ranks second in the same class with the
number of green plants transferred with a 300 gray dose of 5.21. In the total number of regenerated green plants
excluding controls (888), 635 unit (71.5%) and 205 unit (23.1%) haploids and spontaneous double haploid plants
were obtained, respectively. In the study integrated into the bread wheat breeding program, a total of 205
spontaneous double haploid mutant lines were produced. According to the data obtained, it was shown that the
gamma ray doses of 150 and 200 Gy had a significant stimulation effect on all parameters studied and ultimately
the success index of anther culture in bread wheat compared to control.
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Oz

Bitki 1slahinda kombinasyon 1slah1 ve mutasyon 1slah1 yaygin olarak kullanilan yontemlerdir. Bu iki teknikde
elde edilen populasyonlardan homozigot hatlarin kisa siirede elde edilmesini olanak saglayacak biyoteknoloik
yontemler lizerine yogun calismalar yapilmaktadir. Bugdayda mutasyon islahi iizerine farkli arastiricilar
tarafindan ¢ok sayida ¢aligmalar yapilmistir. Bugdayda mutagen uygulanmis genotiplerde anter kiiltiirli yaniti
tizerine ise az sayida ¢aligmalar bulunmaktadir. Yiiksek kaliteli bugday 1slahinda iyonlastirict radyasyon yoluyla
mutasyon 1slahinim anter kiiltiiri ile etkin bir sekilde birlestirilebilme olanaklarinin arastirildigi ¢calismada, iki
farkli ekmeklik bugday ileri hatt1 materyal olarak kullanilmistir. Kontrol dahil sekiz farkli gamma 1sin1 dozu (0,
100, 150, 200, 250, 300, 350, 400 Gy) uygulanmis 2 farkli ileri ekmeklik bugday mutant hattinin anter kiiltiiriine
yanitlar1 arastirilmigtir. incelenen tiim 6zellikler igin genotipler ve 1smlama dozlar arasinda énemli farkliliklar
vardir. Bu ¢alisma, ekmeklik bugday cesitlerine bagli olarak doza bagl gama 1sinlamasi ile albinizmin azaldig:
ve anter kiiltlirli yanmitin artirilabileceginin miimkiin olabilecegini gostermistir. Dozlar arasindaki farki
siiflandirmak icin yapilan ¢oklu karsilastirma testinde; istatistiki olarak 50 gray doz 5.60 adet aktarilan yesil
bitki sayis1 ile ilk sirada yer almig, bunu yine aym smifta 5.21 adet aktarilan bitki sayis1 ile 300 gray doz
uygulamas ikinci sirada izlemistir. 150 ve 200 Gy gama 1511 dozlarinin, kontrole kiyasla ekmeklik bugdayda
anter kiiltiiriiniin incelenen tiim parametrelerinde ve nihai olarak basari indeksi iizerinde 6nemli bir stimiilasyon
etkisi oldugu gosteriilmiistiir. Kontroller hari¢ toplam rejenere yesil bitki sayisindan (888), 635 adet (%71.5) ve
205 adet (%23.1) sirastyla haploidler ve spontan double haploid bitkiler elde edilmistir. Ekmeklik bugday 1slah
programina entegre edilen ¢alismada toplam 205 spontan double haploid mutant hatt1 iiretilmistir.

Anahtar Kelimeler: Anter kiiltiirii, Double haploid, Embriyo benzeri yap1, Gamma 1s1n1, Bitkicikler, Bugday
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1. Introduction

The double haploid system is increasingly being used in many large crop main breeding programs (Kasha
and Maluszynski, 2003). The first green plants from anter culture in hexaploid bread wheat (Triticum aestivum
L.) was obtained by Ouyang et al. (1973), then protocol improvements have been made (Tuvesson et al., 2000;
Barnabas et al., 2001; Zheng et al., 2001). These developments led to further understanding by growers of the
importance of double haploid plants and resulted in the development of more than 280 varieties in various crops
(Sadasivaiah et al., 2004; Szarejko and Forster, 2007; Weyen, 2009) in some other countries, mainly in Hungary.
(Barnabas et al., 2000; Pauk et al., 2003). Low calli/embryoid formation frequency, high albino frequency,
genotype-dependent response, poor regeneration of green planters and chimera plant formation are among the
most important factors limiting double haploid production from AC (Larsen et al., 1991; Gosal et al., 1997;
Szarejko, 2003; Wedzony et al., 2009; Parmar et al., 2012). One of the frequently encountered problems in
androgenetic research is the emergence of mixed ploidy plants due to a fusion of haploid nuclei in the early
stages of androgenesis or endopolyploidy (Sangwan-Norreel, 1983). The use of mutation breeding through
gamma rays together with anther culture to overcome these problems can be considered as an "ideal system" for
plant breeding programs (Vagera et al., 1976; Maluszynski et al., 1995; Szarejko, 2003; Ahloowalia et al., 2004;
Vagera et al., 2004; Arabi et al., 2005; Xu et al., 2012). Also, the integration of DH technology with existing
biotechnological tools will increase genetic gains and breeding efficiency and ultimately lead to the rapid
development of hybrids (Patial et al., 2017). More effective results are expected to be obtained especially when
applied to self-pollinating plants such as wheat, which is stated to have narrow genetic gains of 0-1% (Baenziger
and Peterson, 1992).

The gamma rays are effective mutagenic agents that can be applied easily to any stage of
anther culture (Nakamura and Hattori, 1997). Two different approaches to applying mutagenesis in
combination with haploid in vitro culture are described. The first, called in vitro haploid mutagenesis,
is the application of mutagens to the plant organs and haploid cells such as anthers, spikes, panicle,
flower buds, embryos, calli or protoplasts. There is also an alternative approach in which gametes of
M, plants originating from seeds treated with mutagen before sowing can be used as donor material
for haploid culture (Maluszynski et al., 1996; Szarejko, 2011). In vitro haploid mutagenesis has been reported
to have some disadvantages (Mkuya et al., 2005; Szarejko, 2011; Sharma et al., 2017). First, the irradiated media
can produce some toxic substances that can be harmful to anthers or calli, so they have to be transferred to a
fresh medium immediately after irradiation. Second, anther-derived calli show a mixture of haploid and doubled
haploid cells; radiation-induced mutation can make the homozygous diploid calli revert to a heterozygous state,
eliminating the advantage of anther culture for breeding. Third, microspores isolated in the uni-nucleate stage,
which is the best target for in vitro mutagenesis, are very sensitive to mutagenic treatments and post-treatment
manipulations. Fourth, the magnitude of the contribution of additive mutagenesis to somaclonal variation is
uncertain.

In contrast, the alternative approach has been reported to have some important advantages over in vitro
haploid mutagenesis. First, all mutant DH plants regenerated from gametes of M plants are completely
homozygous and do not segregate in the progeny. Second, it is possible to use much higher doses of mutagen for
dormant seeds than using microspores, anthers or inflorescences. Generally, however, doses applied to produce
M donor plants that serve as a source of gametic cells for culture are within the range of recommended dosage
in conventional mutagenesis. However, before a large-scale experiment, it would be useful to assess the viability
of microspores produced by M plants, as too high doses of mutagen can result in a large reduction in the
survival of microspore (Szarejko, 2011).

Since the above explanations and considerations, seed irradiation has to be aforethought an effective and
practical method to induce genetic variation in wheat anther culture, in vitro haploid mutagenesis is considered
to have little practical value (Gao et al., 1988, Balkan, et al. 2019). One of the main objectives in breeding
studies is the development of high-yielding advanced lines (Bilgin and Korkut, 2005). Although most studies on
in vitro culture, particularly those combined with the induced mutation using gamma rays, have been performed
with fresh explants, there are almost no reported studies on the anther culture response after gamma irradiation
of the seed in wheat. We report here an investigation of the response of two bread wheat genotypes in anther
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culture following their treatment with one of a range of doses of gamma radiation. This study also seeks to
examine the mutual effects in terms of overcoming limitations of anther culture and mutation breeding of wheat
anthers when anther culture and gamma irradiation are combined.

2. Materials and Methods
2.1. Plant material and Induced gamma irradiation

Two bread wheat (Triticum aestivum L.) advanced lines, BSB (Bezostaja/Saraybosna; tall, mid-early,
awnless, superior in flour quality for bread making, but inferior in lodging resistance and yield capacity) and FA
(Flamura80/Atillal2; tall, mid-early, awned and moderate in flour quality for bread making, but inferior in
lodging and disease resistance and yield capacity) and their 16 M1 combinations together with the un-irradiated
(control) were selected as the plant material. The moisture contents of seeds of wheat genotypes (Triticum
aestivum L.) used in the study were 12.1% for BSB and 12.5% for FA. For each genotype, grains were divided
into eight groups, each containing 2000 grains. One group was kept free from irradiation (control), while other
groups were irradiated with various levels of gamma rays (100, 150, 200, 250, 300, 350 and 400 Gy). Seeds were
treated by gamma rays from ®Cobalt, Ob-Servo Sanguis Co-60 Research Irradiator with isotope model, while
the dose rate was 2.190 kGy h! before the 2011-12 growing season at the Turkish Atomic Energy Authority,
Saraykdy Nuclear Research and Training Center, Ankara, Turkey. The unit for the absorbed dose of radiation
energy is the gray (Gy), which is equivalent to 1 J Kg™' and 100 rads.

2.2.Anther Culture

After irradiation, the donor seeds of the genotypes were sown in the experimental field of the Field Crops
Department of the Faculty of Agriculture of Tekirdag Namik Kemal University during the growing season of
2011-12. Sowing was done on Nov 11, 2011, by hand at the rate of 400 seeds per m?. Nitrogen and P20s at 140
and 70 kg ha’!, respectively, were incorporated into the soil as compound fertilizer (20-20-0) before sowing, urea
during tillering and ammonium nitrate before heading. Donor plants were protected with fungicides and
pesticides. The crop was kept free of weeds by hand hoeing when necessary. The remaining seeds were sown in
the greenhouse to guarantee the work.

The totally 35-40 appropriate main spikes per genotype with anthers containing microspores at the
vacuolated, early-mid uninucleate stage (checked by Olympus inverted microscope), approximately at stage 38
according to Zadoks Scale (Zadoks et al., 1974), were collected, put in Erlenmeyer flasks with tap water,
covered with PVC (polyvinyl chloride) bags and cold transferred to pre-treatment conditions (2-4 °C, two
weeks). After pre-treatment, the selected donor spikes at the uni-nucleated microspores stage were surface
sterilized in 250 mL 2% NaOCI solution containing a drop of Tween-80 for 20 min of a shaker and then rinsed
three or four times with sterile distilled water. Anthers from the top of sterilized heads of donor genotypes were
isolated in 90 mm diameter petri dishes containing induction media namely Wismf medium (Ouyang et al., 1989;
Lantos et al., 2014). In total, 25-30 cold pre-treated main spikes per genotype were used as donor spikes. Petri
dishes in incubators were controlled and the evolving embryo-like structures were observed weekly.
Transferred anthers were incubated at 32 °C for 3 days in the dark to increase microspore division. At the end of
this period, cultures were kept in the dark at 28 °C for approximately 5-8 weeks to induce ELS (embryo-like
structures). After 5 weeks cultivation period (in the dark incubator at 25°C), the ELS with a size of 1-2 mm were
transferred onto 90 mm diameter plastic petri dishes with 30 mL of a 190-2Cu regeneration medium (Zhuang
and Jia, 1983) with 0.1 mg I'! gibberellic acid (GA3) plus 5 mg 1" IBA and placed in the controlled climate room.
After about 2-3 weeks, the green plantlets, 20 to 30 mm long, were transferred into test tubes with 3 cm diameter
and 15 cm length, only one plantlet per tube was selected from ELS when the regenerates could be recovered
into 50 mL glass tubes with the same medium, and kept in a growth room (25 °C, 16/8 h light/dark photoperiod,
fluorescent light at 200 umol/m?/s) for entire plantlets regeneration. Regenerated green and albino plantlets were
counted and the albino plantlets were discarded.

The green plantlets were transferred to test tubes containing MS medium (Murashige and Skoog, 1962)
without growth regulators, and the well-rooted green plantlets were transplanted into small pots, covered with
plastic bags to maintain high humidity and kept in a cold room (+4 °C) to vernalize. Finally, the plantlets about
10 cm tall with strong roots were transferred to the greenhouse for acclimatization (3-4 days). The acclimatized
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plants were grown in the greenhouse. Haploid and spontaneous doubled haploid plants were identified based on
seed set production, the spontaneous doubled-haploid plants were transferred to ground soil and grown with the
necessary cultural practices, and each plant was harvested and threshed separately.

In the experiment, the data concerning ELS, the number of green and albino plantlets, transplanted plantlets
were collected. To characterize anther culture response, following some additive parameters suggested by
Bhaskaran et al. (1983), Redha et al. (1998), Barnabas (2003) and Pauk et al. (2003) was calculated. These are
Embryo Like Structures (ELS = embryo-like structures regenerated from plated anthers); Embryo-Like
Structures Initiation Rate (ELSIR = the ratio of embryo-like structures to plated anthers); Albino Regenerated
Plantlets (ARP = the number of albino plantlets regenerated from embryo-like structures); Green Regenerated
Plantlets (GRP = the number of green plantlets regenerated from embryo-like structures); Plant Regeneration
Rate (PRR = the ratio of green and albino plants regenerated to embryo-like structures); Transplanted plantlets
(TP = the total number of green plants regenerated from callus and transferred to greenhouse); Number of
Haploid Plant (NHP = the total number of haploid plants from green plants transferred to greenhouse -the
numeral in brackets are percentage per green plant regenerant); Number of Spontaneous Doubled-Haploid Plants
(NSDHP = the total number of spontaneous doubled-haploid plants from green plants transferred to greenhouse-
the numeral in brackets is doubling index = [green DHs divided by total number of green plants] x1); and Final
Success Index (FSI = number of green plants/number of cultured anthers).

2.3. Statistical analysis

The study carried out a completely randomized split-plot design with 5 replicated. To evaluate the effect of
genotype, mutation doses and their interaction, the data of androgenic parameters concerning ELS, number of
green and albino plantlets, transplanted plantlets were analysed by two-way ANOVA using Microsoft Exel 2007
statistical software (Redmond, WA, USA).

3. Results

The effect of genotype, mutagen dose and their interaction was studied using two-way ANOVA for the
androgenic parameters (Table 1). The statistical analysis revealed that the effects of genotype, mutagen doses
and their interactions on all tested androgenic parameters were significant at P<0.01.

Table 1. The two-way ANOVA for the androgenic parameters in the mutated population of bread genotypes

Source of variance df No. of ELS  No. of GRP No. of No. of
ARP TP
Genotype 1 1445.000%* 732.050%** 54.450%* 400.512%*
Mutagen dose 7  2186.393%* 582.050%** 74.600** 396.098**
Genotype x Mutagen dose interaction 7 268.086** 69.593%* 5.821%* 52.941%*
Error 56 1.387 2.259 1.367 1.631

**The values significantly differ at P<0.01; ELS-embryo-like structures; GRP- Green regenerated plantlets; ARP-
Albino regenerated plantlets; TP- Transplanted plantlets

3.1. Evaluation of androgenic response

Table 2 summarizes the significant differences in the genotypes and mutation doses for all examined
characters. Although the BSB genotype gave higher averages for ELS and ARP than the FA genotype, the
averages of the FA genotype for GRP and TP were higher.

To gather with genotype, mutagen doses influenced the number of ELS in AC, significant differences were
observed among the mutagen doses (Table 2). The highest mean was 65.1 ELS in AC of 150 Gy gamma ray
dose, while the lowest value was 15.1 ELS in AC of 400 Gy gamma ray dose. In the experiment, an average of 8
gamma doses was 35.5 ELS. The seven gamma ray doses except 400 Gy were able to produce more ELS than
the control.
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Table 2. The androgenic response of embryo-like structures (ELS), Green regenerated plantlets (GRP), albino
regenerated plantlets (ARP) and Transplanted plantlets (TP) for genotypes and mutagen doses in anther

culture

Genotypes No. of ELS No. of GRP No. of ARP No. of TP
BSB 39.7+0.639 a 10.7+£0.090 b 9.6+0.188 a 9.4+0.174 b
FA 31.240.556 b 16.8+0.358 a 7.9+0.398 b 13.840.289 a
LSDw.o1) 2.184 1.282 1.355 1.601
Mutagen doses

0 26.3£1.086 ¢ 5.1+0.526 13.6+£0.542 a 4.0+0.394 f
100 34.440.542 ¢ 9.0+1.106 ¢ 11.240.512 b 7.441.035¢
150 65.1+4.270 a 28.0+0.650 a 9.1£0.879 ¢ 23.240.772 a
200 46.0+0.789 b 21.242.190 b 9.3+0.300 ¢ 17.4£1.284 b
250 35.0+0.943 ¢ 15.4£2.377 ¢ 8.1+0.482 cd 13.8£1.837 ¢
300 31.4+£2.212d 12.3+£1.096 d 7.2+0.416 de 9.741.155d
350 30.5£3.209 d 11.5£1.241d 6.6+0.521 ¢ 10.5¢1.213 d
400 15.1+£1.663 f 7.3£0.300 e 4.9+0.888 f 6.7+0.367 ¢
Mean 355 13.7 8.8 11.6
LSDw.o1) 1.411 1.801 1.401 1.531

Table 3. The androgenic response of embryo-like structures (ELS), Green regenerated plantlets (GRP),

Albino regenerated plantlets (ARP) and Transplanted plantlets (TP) for genotypes x mutagen
dose interactions in anther culture

Genotypes x Mutagen No. of ELS No. of GRP No. of ARP No. of TP
Interaction

BSB-0 29.240.735 i 3.6+£0.245 g 14.0+£0.548 a 3.0+0.316 h
BSB-100 33.240.490 h 6.0+0.548 fg 12.240.583 ab 4.4+0.245 gh
BSB-150 77.840.735 a 28.2+1.114 a 9.6+0.510 cd 25.040.775 a
BSB-200 47.4£1.123 ¢ 14.84£0.860 ¢ 9.24+0.374 cde 14.0+£1.049 ¢
BSB-250 32.6£0.510 h 8.4+0.400 ef 8.840.490 cde 8.4+0.400 de
BSB-300 37.841.020 f 9.4+0.748 ¢ 7.8+0.374 def 6.4+0.245 efg
BSB-350 40.0+£0.837 ¢ 8.0£0.548 ef 7.6+0.510 d-g 7.0£0.633 ef
BSB-400 19.8+£1.068 k 7.240.374 ef 7.4+0.509 efg 6.6+0.510 efg
FA-0 23.440.748 j 6.6+0.245 13.240.970 a 5.0+0.316 fgh
FA-100 35.6+£0.600 g 12.04£0.837d 10.240.583 be 10.4+0.510d
FA-150 52.4+0.927 b 27.840.800 a 8.6+0.510 c-f 21.440.678 b
FA-200 44.6+0.748 d 27.6£0.600 a 9.4+0.509 cde 20.840.735 b
FA-250 37440927 fg = 22.440.872b 7.4+0.748 efg 19.240.663 b
FA-300 25.04£0.707 j 15.240.800 ¢ 6.6+0.678 fg 13.04£0.707 ¢
FA-350 21.04£0.707 k 15.04£0.707 ¢ 5.6+£0.678 g 14.0£0.316 ¢
FA-400 10.4+£0.5101 7.4+0.510 ef 2.440.400 h 6.8+0.583 ef
Mean 355 13.7 8.8 11.6
LSDw.o1) 2.140 2.521 1.999 2.199

The green plantlets was regenerated from AC-derived ELS of each gamma dose. The number of green
plantlets ranged from 5.1 to 28.0. The gamma ray dose of 150 and 200 Gy showed high values of GRP (28.0 and
21.2, respectively) while 0 and 400 Gy were the lowest values (5.1 and 7.3, respectively). The overall mean of
GRP was 13.7 (Table 2).

Albino plantlets were observed in each mutagen dose. However, the values varied from 4.9 (400 Gy) to 13.6
(0 Gy). The average of albino plantlets production was 8.8 in the experiment (7able 2). Table 2 shows the range
of the transplanted plantlets varied from 4.0 to 23.2. The dose with a high value was 150 Gy (23.2 TP) while the
overall mean was 11.6.
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The effect of genotype x mutagen dose interaction on ELS, GRP, ARP and TP was significant at P<0.01
(Table 3). The values of ELS ranged from 10.4 to FA (400 Gy) and 77.8 in BSB (150 Gy) while the overall
mean was 35.5 ELS (Table 3). The highest values were counted for 150 Gy dose of each genotype. An average
of GRP varied between 3.6 in BSB (0 Gy) and 28.2 in BSB (150 Gy). The other highest values were obtained in
150 and 200 Gy dose of FA (27.8 and 27.6, respectively). Regarding ARP, the means of interaction were varied
between 2.4 in FA (400 Gy) and 14.0 in BSB (0 Gy) while the overall average was 8.8 ARP (Table 3). The
values of TP ranged between 3.0 in BSB (0 Gy) and 25.0 in BSB (150 Gy), with an overall mean of 11.6.

3.2.Evaluation of anther culture response

In our experiment, to the characterization of anther culture response of the genotypes, the other calculated
AC parameters such as embryo-like structure initiation rate, plantlet regeneration rate, final success index
concerning data for ELS, the number of green and albino plantlets, transplanted plantlets are given Table 4.

The average of embryo-like structure initiation rate (ELSIR) for BSB and FA were 3.97% and 3.12%,
respectively. The controls (0 Gy) were 2.92% and 2.34%, and that of irradiation treatments ranged from 1.98%
(400 Gy) to 7.78% (150 Gy) for BSB and 1.04% (400 Gy) to 5.24% (150 Gy) for FA. Table 4 shows that there
are nonlinear increases in ELSIR up to 350 Gy gamma irradiation applications compared with the control, then
decreases. The rate of total plantlet (albino and green) regeneration was calculated for and mutagen doses of both
genotype (Table 4). The Green plantlet regeneration rate (GPRR) varied between 12.33% (0 Gy) and 36.36%
(400 Gy) for the BSB genotype and between 49.25% (0 Gy) and 76.92% (100 Gy) for the FA genotype. The
mean values for genotypes were 25.61 (BSB) and 62.80 (FA). Table 4 also shows decreasing albino plantlets
rate as the irradiation dose increases. The rates of albino plantlet regeneration for genotypes ranged between
27.55% in BSB and 27.31% in FA. The controls (0 Gy) were 47.95% (BSB) and 56.41% (FA), and that of
irradiation treatments ranged from 12.34% (150 Gy) to 37.37% (400 Gy) for BSB and 16.41% (150 Gy) to 28.65%
(100 Gy) for FA.

The plantlets transplanted into the greenhouse were harvested after maturation. Based on the seed set
production, three types of spike among the AC-derived plants such as fertile, partial fertile and sterile. The plants
with sterile spike are haploid. The mean of haploid plants ranged from 1.6 (0 Gy) to 13.2 (150 Gy) in BSB with
an overall mean was 5.80 and ranged from 5.0 (0 Gy) to 16.8 (200 Gy) in FA with an overall mean was 11. The
fertile and partially fertile plants produced a small amount of seeds due to spontaneous diploidization. The rate
of DHP varied from 14% (FA-350 Gy) to 46% (BSB-100 Gy). The average spontaneous doubled- haploid rates
of genotypes were 33% and 18% (BSB and FA, respectively). 205 spontaneous double haploid mutant lines were
obtained in the experiment, which has been integrated into the winter wheat breeding program. In the experiment,
the spontaneous doubled-haploid rate was 23.1%. Although the SDHP rates of the BSB genotype are higher than
those of the FA genotype, it is seen that there is an inverse trend when final success indexes are compared. When
compared with their controls, it is understood that the highest final success index was calculated for both
genotypes at 150 and 200 Gy gamma ray doses (Table 4).

4. Discussion

In the anther culture of wheat, the production of a high percentage of green plants is necessary for the
efficient and successful application of the doubled haploid approach in wheat breeding programs. In wheat,
anther culture ability can be divided into three components that are inherited independently, such as
embryogenesis, plant regeneration, and green plant formation (Larsen et al., 1991). Each of them is governed by
more than one gene (Lazar et al., 1984; Szakacs et al., 1988; Chaudhary et al., 2003). The production of DH lines
of wheat from anther culture is limited by a relatively low callus/embryoid induction frequency, genotype-
dependent response, poor regeneration and a large number of albino plants (Jauhar et al., 2009; Parmar et al.,
2012). It has been explained that these difficulties can be overcome by integrating mutagen with anther culture,
especially gamma irradiation (Patial et al., 2017; Sharma et al., 2017).

In the present study, the data also showed a highly significant effect between the two tested wheat genotypes
under different doses of gamma rays. There was a surpassing response for BSB which gave the highest
percentage (3.97%) of ELSIR, but FA gave the lowest (3.12%) (Table 4). Therefore, it could be concluded that
genotypes differed in their response to different doses of gamma rays depending on the genetic makeup of ELS.
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The average ELSIR at 150 and 200 Gy showed a highly significant increase (62.47-38.40% for BSB; 55.34-
47.53% for FA) for both genotypes, with the large reduction (-11.43% and -125.00%) for FA only obtained with
gamma ray treatments at 350 and 400 Gy, respectively, compared to control. However, the increase of gamma

irradiation had a significant simulation effect on ELSIR as compared to control, except 400 Gy. This reduction at
400 Gy is due to the inhibiting effect of high doses of gamma-ray (Ashraf and Foolad, 2005), while 150 Gy
stimulated ELS in all studied wheat genotypes. It is reasonably conjectured that gamma rays could stimulate ELS
regeneration by some mechanism such as activation of retrotransposons (Hirochika, 2001). It can be concluded
that the low dose of gamma ray caused an increase in ELS induction, while higher doses reduced it as stated by
Szarejko (2011). Higher culture ability makes the application of seed radiation possible both for breeding and
mutagen induction. The seed irradiation, or more precisely, the mature embryo irradiation, seemed to play an
active role in promoting ELS induction while keeping the same regeneration capacity as the untreated one.
Furthermore, seed irradiation also helped to extend the duration of plant regeneration by about 10 days, leading
to a 10% increase in plantlet production (Gao et al., 1988). It is another benefit for irradiation of wheat seed that
any potential mutation induced by gamma rays will be homozygous in anther-derived plantlets, while the
mutagen-induced in radiated calli or anther will make the regenerated plantlets heterozygous. Similar results
were obtained by Abdrabou and Salam (1992), Rashed et al. (2000), Abdel-Hady and Abou-Deif (2001) and
Abdel-Hady and Ali (2006).

Table 4. The anther culture response parameters for gamma-irradiated bread wheat genotypes

ELSIR (%) PRR (%)
ELS GRP ARP TP NHP NSDHP
Genotype Mean Range Green Albino FSI
(mean) (mean) (mean) (mean) (mean) (mean)
Plantlets  Plantlets
BSB-0 29.2 2.92 0.00 3.6 14.0 12.33 47.95 3.0 2.0 (67) 1.0 (33) 0.003
BSB-100 332 3.32 12.05 6.0 12.2 18.07 36.75 44 2.0 (46) 2.0 (46) 0.004
BSB-150 77.8 7.78 62.47 28.2 9.6 36.25 12.34 25.0 13.0 (52) 7.0 (28) 0.025
BSB-200 47.4 4.74 38.40 14.8 9.2 31.22 19.41 14.0 10.0 (71) 4.0 (29) 0.014
BSB-250 32.6 3.26 10.43 8.4 8.8 25.77 26.99 8.4 5.0 (60) 3.0(36) 0.008
BSB-300 37.8 3.78 22.75 9.4 7.8 24.87 20.64 6.4 4.0 (63) 2.0(31) 0.006
BSB-350 40.0 4.00 27.00 8.0 7.6 20.00 19.00 7.0 5.0(71) 2.0(29) 0.007
BSB-400 19.8 1.98 -47.48 7.2 7.4 36.36 37.37 6.6 5.0 (76) 2.0 (30) 0.007
Mean 39.7 3.97 17.95 10.7 9.6 25.61 27.55 9.4 5.75(61) 2.88 (33) 0.009
FA-0 23.4 2.34 0.00 6.6 132 49.25 56.41 5.0 5.0 (100) 1.0 (20) 0.005
FA-100 35.6 3.56 34.27 12.0 10.2 76.92 28.65 10.4 9.0 (87) 2.0(19) 0.010
FA-150 52.4 5.24 55.34 27.8 8.6 53.05 16.41 214 15.0 (70) 5.0(23) 0.021
FA-200 44.6 4.46 47.53 27.6 9.4 61.88 21.08 20.8 17.0 (82) 4.0 (19) 0.021
FA-250 37.4 3.74 37.43 22.4 7.4 59.89 19.79 19.2 15.0 (78) 3.0(16) 0.019
FA-300 25.0 2.50 6.40 15.2 6.6 60.80 26.40 13.0 11.0 (85) 2.0(15) 0.013
FA-350 21.0 2.10 -11.43 15.0 5.6 71.43 26.67 14.0 10.0 (71) 2.0 (14) 0.014
FA-400 10.4 1.04  -125.00 7.4 24 69.16 23.08 6.8 6.0 (88) 1.0 (15) 0.007
Mean 31.2 3.12 6.36 16.8 7.9 62.80 27.31 13.8 11.00 (83)  2.50(18) 0.014

Success in plant regeneration rate is measured by the relative numbers of albino and green regenerated plantlets,

and the final number of successfully regenerated green plants in anther culture. Albinism is one of the most serious
problems encountered in routine anther culture experiments due to the production of high rates of albino plants from
pollen (Wedzony et al., 2009). This limits the application of doubled haploid technology in some breeding programs
due to the low overall yield of regenerated green plants. It is generally considered as a recessive nuclear trait driven
by one or two genes with low heritability, especially in cereals (Kumari et al., 2009). However, low heritability for
green plant regeneration in wheat anther culture has recently been reported by Redha and Talaat (2008), suggesting
that this may be more dependent on environmental conditions. On the contrary, in harmony with some publications
(Tuvesson et al., 2000; Kondic-Spika et al., 2011), in this study wheat genotype significantly influenced the tested
parameters (green plantlets, albino plantlets and well regenerated green plants). Genotypic differences were found for
green vs. albino plantlets and green plants. The most striking promising results for these parameters were obtained
for both genotypes at 150 and 200 Gy gamma irradiation doses (7able 4). This study gave no evidence that radiation
doses which generally raise response in culture decrease the green and albino regeneration ratio. The absolute
number of green plants was raised, while albinos decreased for both genotypes and gamma irradiation treatments.
Therefore, the process determining the proportion of albino regenerants appears to be affected by different levels of
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gamma radiation within this dose range. While the production of albino regenerants per se is undesirable, their
frequency does assist in assessing the overall regeneration potential of any genotype.

Albinism is difficult to eradicate; however, altering the number of green and albino plantlets by appropriate
means such as the use of cold pretreatments and/or irradiation (Ding et al., 1991) or the development of
interspecies crosses and double haploids (Kumari et al., 2009) can contribute to the reduction (Kumari et al.,
2009). Our results agree with findings by Vagera et al. (2004) and Lu et al. (1999) who stated that it is possible
to enhance the frequency of in vitro pollen embryogenesis through decreasing albino plant formation by
mutagenic treatment of seeds.

Haploids must be chromosome doubled to restore fertility for use in plant breeding. Chromosome doubling of
microspore-derived plantlets and calli is a critical step in haploid breeding programs. Therefore, rather than
having a high number of spontaneous haploid plants, it is desirable to obtain more spontaneous doubled-haploid
plants. In some studies, rates of the spontaneous genome doubling are given as 10%-40% in Brassica napus,
70%-90% in barley, 50%-60% in rice, 50%-90% in the rye and 25%-70% in bread wheat (Castillo et al., 2009;
Henry, 1998; Segui-Simarro and Nuez, 2008). Stober and Hess (1997) achieved 15-44% spontaneous doubling
in German spring wheat varieties, while Barnabas (2003) reported a frequency of 25% to 68% in winter varieties
in Central and Eastern Europe. Lantos and Pauk (2016) found that the spontaneous double haploid rate in 10
winter bread wheat Fi combinations was 32.72%. In the study, spontaneous doubled-haploid plants via
spontaneous genome doubling ranged between 7-80% for genotypes with varying gamma doses, with an overall
mean was 26%. The genotype FA had a higher potential to develop haploid plants from green plants, whereas
the genotype BSB had a lower response. Regarding spontaneously doubled haploid plants, the situation is the
opposite of the haploid plant. The results are supported by the findings of Grauda et al. (2016) who showed that
genotype significantly affected haploid plant and spontaneous doubled-haploid plants developed from green
plants.

Due to independent inheritance and the frequently observed negative correlations between embryogenesis,
regeneration and percentage of green plants (Chaudhary et al., 2003), the percentage of green regenerated plants
was the determining factor in calculating the final success index of wheat anther culture (Redha et al., 1998). In
other words, success in the routine application of double haploid in wheat breeding mainly depends on obtaining
acceptable highly regenerated green plants from the targeted genotypes. In combining methods to increase the
production of embryos with high regeneration ability, the optimal doubling procedure will result in an improved
SI. The magnitude of the SI is very important to breeders in deciding whether and to what extent the production
of DHs will play a role in breeding programs. Redha et al. (1998) reported that FSI ranged from 0 to 2.0 by
different colchicine treatments. FSI was calculated higher with gamma irradiation treatment compared to
controls. The highest FSI was with 150 Gy and followed by 200 Gy. In addition to this, the average effect of
gamma rays on FSI was higher compared to control (7able 4). These findings indicate that gamma irradiation
treatments can be increased FSI.

5. Conclusion

This study demonstrated the importance of in vitro haploid induction via androgenesis through gamma
irradiation in a bread wheat breeding program. In conclusion, it was noted that an increasing level of gamma
rays up to 300 Gy positively affected androgenesis. Gamma irradiation on seeds of bread wheat could allow
alleviating the albinism phenomenon and improve green plant frequency. The doses of 150-200 Gy gamma rays
on seeds have an obvious stimulation effect on all AC parameters (embryogenesis, plant regeneration and green
plant formation) and spontaneous genome doubling confirms that the technique of anther culture applied in
connection with induced mutations by seed irradiation can be considered a speedy, cheap and safe method to
induce haploid and spontaneous doubled-haploid formation, which causes genetic variation in response to bread
wheat anther culture. As a result of this study, a total of 888 green plants were regenerated from mutated
populations of genotypes. From the total number of regenerated green plants, 635 (71.5%) were haploids and
205 (23.1%) were spontaneous doubled haploids. The remaining green plants were unable to survive. Altogether,
205 spontaneous doubled-haploid mutant lines were produced in the experiment, which has been integrated into
the bread wheat breeding program.
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Multi-criteria Decision-making Technique Approach to Assess the Microbial Quality
and Safety of Fresh-cut Salads Sold at Retail in Istanbul, Turkey

Istanbul, Tiirkiye’de Perakende Olarak Satilan Taze Kesilmis Salatalarin Mikrobiyal
Kalitesini ve Giivenligini Degerlendirmek I¢in Cok Kriterli Karar Verme Teknigi Yaklasimi

Gulsum UCAK OZKAYA", Umit GECGEL?, Muhammed Zeki DURAK?

Abstract

The goal of this study was to investigate the microbial quality and safety of fresh-cut salads sold in restaurants that
were located at Esenler, Fatih, Besiktas, Uskudar, Kadikoy and Umraniye in Istanbul, Turkey. In total, 180 samples
were assayed for microbiological analysis including enumeration of total aerobic mesophilic (TMAB), aerobic
psychotropic (AP) bacteria, yeast and mold (YM), fecal coliforms bacteria, Escherichia coli, Staphylococcus
aureus, isolation of Salmonella spp. and Listeria monocytogenes. Meanwhile, a coagulase test was conducted out
for S. aureus. Technique for order preference by similarity to ideal solution (TOPSIS)-based multi-criteria
decision-making technique (MCDM) approach was used to rank six districts in terms of microbial count. The
enumeration of TMAB in Esenler, Fatih and Besiktas ranged from 4.34 to >7.48 log CFU g'!, 3.69 to >7.48 log
CFU g'and 4.05 to >7.48 log CFU g, respectively. However, the enumeration of TMAB in Uskudar, Kadikoy
and Umraniye ranged from 2.57 to >7.48 log CFU g!, 4.01 to >7.48 log CFU g! and 4.24 to >7.48 log CFU g'!,
respectively. The enumeration of AP, YM and S. aureus ranged from 2.00 to >7.48 log CFU g'!, 2.00 to >7.48 and
2.00 to 6.13 log CFU g!, respectively. Coagulase-positive staphylococci were found in 43 samples. When total
coliforms counts were calculated for the samples, Esenler had the highest count (3588.1 MPN/g). The highest and
lowest count of fecal coliform was found in Esenler and Fatih, respectively. E. coli was isolated 7.22% in samples.
Salmonella spp. and L. monocytogenes were not found in any of the samples. According to TOPSIS, Esenler had
very bad values of TMAB and AP, S. aureus, coliform and fecal coliform. As for YM, Fatih had the worst scores.
Uskudar was found as the best district considering the count of all microbial groups. On the other hand, it has been
discovered that the microbial safety of fresh-cut salads sold in Istanbul is adequate for consumption.
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Oz

Bu ¢alismanin amaci Istanbul, Tiirkiye’de Esenler, Fatih, Besiktas, Uskiidar, Kadikdy ve Umraniye’de bulunan
restoranlarda satilan taze kesilmis salatalarin mikrobiyal kalite ve giivenligini belirlemektir. Toplam aerobik
mezofilik (TMAB), aerobik psikrotrofik (AP) bakteriler, maya ve kif (YM), fekal koliform bakterileri,
Escherichia coli, Staphylococcus aureus, Salmonella spp. ve Listeria monocytogenes izolasyonu dahil olmak iizere
mikrobiyolojik analiz igin toplam 180 numune test edilmistir. Bu arada, S. aureus i¢in koagulaz testi
gergeklestirilmistir. Alt1 ilgeyi mikrobiyal say1 acisindan siralamak igin ¢ok kriterli karar verme teknigi (MCDM)
yaklagimina dayali ideal ¢dzlime benzerlik bakimindan siralama performansi teknigi (TOPSIS) kullanilmistir.
Esenler, Fatih ve Besiktag’ta TMAB sayimi sirastyla 4.34—>7.48 log KOB g, 3.69->7.48 log KOB g ve
4.05—>7.48 log KOB g arasinda degismektedir. Ancak Uskiidar, Kadikéy ve Umraniye’de TMAB sayimu sirastyla
2.57>7.48 1og KOB g'!, 4.01—>7.48 log KOB g'! ve 4.24—>7.48 log KOB g'! arasinda degismektedir. AP, YM ve
S. aureus saym sirasiyla 2.00 ->7.48 log KOB g, 2.00-7.48 log KOB g'! ve 2.00-6.13 log KOB g'! arasinda
degismistir. Orneklerin 43’i{i koagiilaz pozitif stafilokok olarak tespit edilmistir. Ornekler igin toplam koliform
sayilar1 hesaplandiginda en yiiksek sayiya (3588.1 EMS/g) Esenler’in sahip oldugu tespit edilmistir. En yiiksek ve
en diisiik fekal koliform sayisi sirasiyla Esenler ve Fatih’te bulunmustur. Orneklerin %7.22’sinde E. coli izole
edilmistir. Orneklerin hicbiri Salmonella spp. ve L. monocytogenes igin pozitif olarak tespit edilmemistir.
TOPSIS’e gére, Esenler TMAB, AP, S. aureus, koliform ve fekal koliform bakimindan en kotii degerlere sahip
oldugu bulunmugtur. YM’de ise en kotii skoru Fatih il¢esi almistir. Tiim mikrobiyal gruplarin sayis1 goz oniine
alindiginda, Uskiidar en iyi ilge olarak bulunmustur. Ote yandan Istanbul’da satisa sunulan taze kesilmis salatalarin
mikrobiyal giivenliginin tiiketilmek i¢in yeterli oldugu ¢aligmanin sonuglari ile ortaya ¢ikmustir.

Anahtar Kelimeler: Taze kesilmis salatalar, Mikrobiyal kalite, Mikrobiyal giivenlik, Cok kriterli karar teknigi, TOPSIS
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1. Introduction

Fresh vegetables are significant ingredients in the human diet, which boost the nutritional content and quality
of all diets by supplying important vitamins, minerals, fiber, and biopsychological agents, which assist the body
function (Niyaz and Demirbas, 2018; Saini et al., 2017; Slavin and Lloyd, 2012). The WHO (2002) states that a
daily consumption of at least 400 g of fruit and vegetables is required. It is predicted to be able to save up to the
lives of 2.7 million individuals a year by sufficient intake of fruits and vegetables (FAO, 2004). Vegetable
consumption on a regular basis is widely recommended since it lowers the risk of certain ailments like
cardiovascular disease, obesity, and cancer (CDC, 2018).

Depending upon an increase in the quantity of vegetable consumption, it has been observed that outbreaks
linked with these products have increased (Bennett et al., 2018; de Oliveira Elias et al., 2018). Vegetables may
threaten public health if they are contaminated with the most common pathogenic microorganisms including
Escherichia coli, Listeria monocytogenes, and Salmonella or others (CRS, 2019; Faour-Klingbeil et al., 2016;
Korir et al., 2016; Losio et al., 2015). The majority of pathogenic bacteria have existed in animal source foods
rather than raw vegetables. However, processes like simply trimming, peeling, slicing/shredding, and washing
which are carried out on raw vegetables are able to lead to contamination of these products, which in turn might
give rise to serious problems threatening public health such as foodborne diseases, poisoning, and death. Therefore,
researchers have conducted various studies on ready-to-eat foods specific to their own countries and have reported
different results (Allen et al., 2013; Cardamone et al., 2015; De Giusti et al., 2010; Froder et al., 2007; Gao et al.,
2018; Graga et al., 2017). In our country, various studies have been also conducted on the microbiological quality
of ready-to-eat foods, which are served hot and cold, and researchers generally report low microbiological quality
(Gurler et al., 2015; Pamuk et al., 2013; Senses-Ergiil et al., 2015; Gumus et al., 2005; Temelli et al., 2005).

The presence of various microorganism groups is being studied in order to evaluate the microbial quality and
safety of food. Multi-criteria approaches can be used to combine all of the microbiological analysis criteria. Multi-
criteria decision-making (MCDM) enables deciding between alternatives using qualitative and quantitative data
(Kumar et al., 2017). The technique for order preference by similarity to ideal solution (TOPSIS) which is the one
of the MCDM techniques might be used to facilitate the comparison of the samples according to the results (Ozturk
and Batuk, 2011). Even though MCDM techniques are implemented in various areas such as integrated
manufacturing systems, evaluation of technology investment, water and agriculture management and energy
planning (Erdin and Ozkaya, 2019, 2020a, 2020b; Ozkaya, 2017), there has not been a lot of research done in the
food field (Dogan et al., 2016; Hosseinzadeh Samani et al., 2020; Simsek, 2019).

The primary aim of present study is to assess the microbial properties of fresh-cut salads at the different districts
of Istanbul and to rank those so as to find the best district by TOPSIS techniques based on microbial analysis
results. To the best of our knowledge, multi-criteria decision approaches have not been employed in the literature
to rank regions based on microbiological quality and safety. The findings of this research will provide an overview
of the prevalence of some indicators and pathogenic microorganisms that are commonly found in salads and
threaten human health, as well as data that can be used for risk assessment.

2. Materials and Methods

2.1. Sample Collection

A total of 180 vegetable salads were gathered from various restaurants in Esenler, Fatih and Besiktas (European
side), Uskudar, Kadikoy and Umraniye (Asian side) in Istanbul, Turkey. All samples were immediately transported to
the laboratory in insulated boxes with ice bags and kept in freezers at -18 °C to be tested on the following days. All
materials for microbiological analysis were purchased from Merck (Darmstadt, Germany).

2.2. pH Value and Vegetable Content

A 10 g portion of each sample was placed in a stomacher bag and homogenized using a stomacher (VWR Star
Blender LB 400) with 90 ml of distilled water for 1 min (Reale et al., 2019). The pH of each sample was then
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measured by pH meter (Hanna HI 2211) as four parallel. The pH values of samples were determined by averaging
the obtained results (Simsek and Esmer Kizilirmak, 2017). The vegetable content of each sample was also specified.

2.3. Microbiological Analysis

All the 180 fresh-cut salads samples were analyzed for each of the following microorganisms or microbial
groups: total aerobic mesophilic (TMAB), psychrotrophic bacteria (AP), yeast and mold (YM), fecal coliforms
bacteria, and E. coli, coagulase-positive staphylococci, Salmonella spp., and L. monocytogenes.

2.3.1. Enumeration of Total Aerobic Mesophilic, Psychotropic Bacteria and Yeast and Molds

Total aerobic mesophilic (TMAB), aerobic psychotropic (AP) bacteria and yeast and mold (YM) were
enumerated by the spread plate method on Plate Count Agar (PCA), followed by incubation for 48 h at 37 °C
(Rosmini et al., 2004), on PCA, followed by incubation for 10 days at 7 °C (Silva et al., 2007) and on Dichloran
Rose Bengal Chloramphenicol Agar (DRBC), followed by incubation for 5-7 days at 25 °C (Beuchat and Mann,
2016), respectively. The colonies were expressed as colony-forming units per gram (CFU g™).

2.3.2. Isolation and Enumeration of Fecal Coliform Bacteria and E. coli with MPN Method

Most Probable Number (MPN) method was used to enumerate fecal coliform bacteria and E. coli. LST (Lauril
Sulfat Triptoz), BGBB (Brilliant Green Bile Broth) and EC (E. coli) broth were mediums used to carry out the
analysis after which results were recorded and examined based on the MPN table. The culture-produced gas in EC
tubes was streaked onto EMB agar plate for 24 h at 35 °C and confirmed as E. coli after being treated with Gram
stain and IMViC biochemical tests (Cakir, 2000; Erkmen, 2000).

2.3.3. Determination of S. aureus

Determination of S. aureus was done by the spread plate method on Baird Parker Agar (BPA) supplemented
with egg yolk Tellurite enrichment suspension, followed by incubation at 35 °C for 24 h; the results were expressed
as colony-forming units per gram (CFU g™!) (Aycigek et al., 2004; Meldrum et al., 2009). The colonies with typical
S. aureus morphology (i.e., black, convex and with or without light halo on BP agar) were evaluated as a suspicious
coagulase-positive colony. Up to 3 typical colonies were tested for coagulase production (Ghosh et al., 2007).

2.3.4. Isolation and Identification of Listeria monocytogenes

Twenty-five grams of each sample was weighed aseptically into a sterile stomacher and homogenized using a
stomacher (VWR Star Blender LB 400) with 225 ml of sterile Listeria Enrichment Broth (LEB) for 2 min and
incubated for 24 h at 30 °C. After the incubation period, the resultant homogenate of 0.1 ml was transferred into
tubes containing 10 ml LEB and incubated for 48 h at 30 °C. All tubes were evaluated and a loopful suspension
from positive tubes was streaked on Listeria Selective Agar (LSA) with Listeria-selective supplement and
incubated up to 48 h at 37 °C. Brownish green or black halo of colonies breeding on LSA was considered as
presumptive colonies. Then, the suspected colonies of loopful were inoculated on Trypticase Soy Agar
supplemented with 0.6% yeast extract (TSAYE) plates and incubated for 24 h at 37 °C (Ogiit and Polat, 2009).

Colony PCR technique was used for screening the presence of the Listeriolysin O (4/y4) gene which is present
at L. monocytogenes. Forward hlyA 634F: 5'-ACTTCGGCGCAATCAGTGA-3" and Reverse hly4d 770R: 5'-
TTGCAACTGCTCTTTAGTAACAGCTT-3" were the oligonucleotide primer sets. The extraction of DNA and
cycling conditions were performed according to Al-Ashmawy et al. (2014). PCR-amplified DNA fragments were
run with ethidium bromide-stained 1.2% agarose gel electrophoresis. The separated DNA fragments were then
visualized under UV light and photographed.

2.3.5. Isolation and Identification of Salmonella spp.

Twenty-five grams of each sample was homogenized with 225 ml of sterile 1% (w/v) buffered peptone water
(BPW) for 2 min and incubated at 37 °C for 24 h. After the completion of the pre-enrichment process, 0.1 ml
aliquots were transferred into the Rappaport-Vassiliadis (RV) Broth for the enrichment step and incubated for 48
h at 42 °C (Gurler et al., 2015; Nguz et al., 2005). Then, the positive cultures were finally plated onto Bismuth
Sulfite Agar, Xylose Lysine Desoxycholate Agar and Hectoen Enteric Agar and incubated for 24-48 h at 37 °C.
Triple Sugar Iron Agar (TSIA) was used for presumptive confirmation of colonies (Sant’Ana et al., 2011).
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2.4. Statistical Analysis

Excel software (Microsoft Office 2016) was used to calculate arithmetic averages and standard deviations. The
average results collected from the microbiological assessment for fresh-cut salads were analyzed using a Windows-
based JMP statistical analysis software (SAS Institute. Inc. Cary, NC, USA) with one-way and two-way analysis
of variance (ANOVA) and subjected to Tukey’s multiple comparison test to ascertain any statistically significant
difference (p<0.05) among the means. All counted data were converted to log values before statistical analysis.

2.5. Application of Multi-Criteria Decision-Making Method
Determining the microbial quality and safety of fresh-cut salads and comparing them according to districts is
a multi-criteria decision-making (MCDM) problem and requires evaluation of many conflicting criteria (Forman

and Selly, 2001). When the MCDM methods are classified with regard to their different aims, the TOPSIS method
is applied to choose the best options and ratings.

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) was developed by Yoon and Hwang
(1995). It involves a 5-step solution process and calculation was conducted using equation (1-9). The steps of the
TOPSIS method are described below.

Step 1: Normalization of the decision matrix

The R matrix is built by employing the rij values computed in this stage:

Xij
TS =
Yle=1Xkj

Step 2: Computing vij matrix using the vij-weighted normal values. wj defines the weight of the jth criterion or
indicator.

i=1,..mj=1,.,n (Eq.1)

Vij = erij,z;'lzl w; =1 (Eq.2)

Step 3: Positive (4 *) and negative (4-) ideal solutions:

A = {(miax vy |j € Cp), (miin vij|j € CC)} = {vj* j=12, ...,m} (Eq. 3)
A = {(miin vy |j € Cb),(miaxvij|j € CC)} = {Vj_|j =12, ...,m} (Eq. 4)
If the j is a benefit indicator,

v = max{vij,i =1, m} v =min (v;;,i=1,..,m) (Eq. 5)
If the j is a cost indicator,

v = max{vij,i =1, m} vj+ =min (v;;,i = 1,..,m) (Eq. 6)

Step 4: Calculation of deflections of all options from positive and negative solutions employing the m-dimensional
Euclidean distance:

* * 2,
Si = \/271:1(1717 —vj) J=12,..m (Eq.7)

— \2 .
5= |2y — ) i =12, m (Eq. 8)

Step 5: Determination of relative proximities to the A*. Then the relative closeness (RCi) of the alternative defined
as At to the ideal solution is obtained. Then these values are ordered from largest to smallest.

RC; = S;isi_,i =1,..,m (Eq. 9)
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3. Results and Discussion

3.1. Vegetable Content and pH Values

Table 1 displays the pH values of salad samples used in this study. The mean pH of vegetable salads ranged between
2.87 and 6.17. The highest pH values were obtained from Esenler, Kadikoy, and Umraniye, respectively (p<0.05). The
European side had a lower mean pH value compared to the Asian side (p<0.05). The average pH values of the European
and Asian sides were 4.37+0.03 and 4.60+0.32, respectively. Salads were largely composed of lettuce, iceberg lettuce,
tomato, carrot, kale, pepper, onion, parsley, and cucumber.

Table 1. pH values of samples

Regions Number of Minimum pH Maximum pH Mean pH
samples

Esenler 30 3.39 5.63 4.67+0.71*
Fatih 30 2.87 4.77 3.9640.38P
Besiktas 30 3.62 6.17 4.47+0.54A8
Uskudar 30 3.39 5.23 4.15+0.508¢
Kadikoy 30 3.53 5.63 4.72+0.694
Umraniye 30 3.86 5.38 4.79+0.48*

Means with various letters (*-©) according to ANOVA (p<0.05) are substantially different. Mean pH values in table are given as
average values =+ standard deviations.

3.2. Microbial Flora

The incidence and levels of foodborne pathogen contamination in food products at the retail level are crucial for
the development of risk assessment models, particularly for estimating consumer exposure to diverse microorganisms.
At any point of the process, from agriculture to consumption, pathogenic bacteria can contaminate fresh vegetables
and fruits. Salads available for purchase in Turkey comprise fresh or boiled vegetables, cooked chicken meat, tinned
tuna fish, and mayonnaise. However, in our study, 180 fresh cut vegetable salads without any meat product sold in
Esenler, Fatih, Besiktas, Uskudar, Kadikoy and Umraniye in Istanbul were analyzed for total aerobic mesophilic
(TMAB), aerobic psychotropic (AP) bacteria, yeast and mold (YM), fecal coliforms bacteria, Escherichia coli,
Staphylococcus aureus, isolation of Salmonella spp. and Listeria monocytogenes.

The results of TMAB, AP bacteria, YM, and S. aureus counts were shown in Table 2-5, respectively. The mean
total aerobic mesophilic bacteria (TMAB) count of the salads was ~5.85 log CFU g'!, with a range of 2.57->7.48 log
CFU g (Table 2). The enumeration of TMAB in Esenler, Fatih and Besiktas ranged from 4.34 to 7.48 log CFU g”!,
3.69 to >7.48 log CFU g and 4.05 to 7.48 log CFU g’!, respectively. However, the enumeration of TMAB in Uskudar,
Kadikoy and Umraniye ranged from 2.57 to 7.48 log CFU g'!, 4.01 to >7.48 log CFU g and 4.24 to 7.21 log CFU g
I, respectively. According to ANOVA results, the highest count of TMAB was recorded in Esenler with the number of
6.42 log CFU g'!, whereas the lowest count was found in Uskudar with the number of 5.32 log CFU g! (p<0.05). On
the other hand, the TMAB count on the European side had a lower count with the mean 5.69 log CFU g™ compared to
the Asian side which had the mean 6.01 log CFU g count. The levels of acrobic bacteria counts obtained from fresh-
cut salads in this study are comparable to findings of previous studies.

Table 2. Results of TMAB count in the analyzed samples

Number Percentage (%) of samples in the indicated interval

Regions of samples 23 34 45 56 o7 78 Range?® Mean®
Esenler 30 0.0 0.0 10.0 266 233 40.0 434-748  6.42+1.01*
Fatih 30 6.6 0.0 233 266 233 20.0 3.69-7.48  5.61+1.178¢
Besiktas 30 0.0 0.0 16.6 36.6  20.0 26.6 4.05-748  6.32+1.04B4
Uskudar 30 5.0 10.0 20.0 350 250 5.0 257748  5.3241.19¢
Kadikoy 30 0.0 0.0 40.0 120 320 16.0 4.01-748  5.64+1.175¢
Umrantye 30 0.0 0.0 15.0 20.0  50.0 15.0 4.24-7.21 6.13+0.93B4

Means with various letters () according to ANOVA (p<0.05) are substantially different. * The measurement unit is log CFU g'.
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This study showed a mean TMAB count for freshly cut salads similar to the recent study by Seow et al. (2012).
Furthermore, a study in Turkey by Aycicek et al. (2006) reported that a total of 180 samples (including lettuce, parsley,
dill and carrots) were found to have a mean TMAB of 5.8 log CFU g Similarly, another study found that TMAB
levels in 140 ready-to-eat lettuce samples from 16 university restaurants ranged from 3.01 to 7.81 log CFU g'! (Soriano
et al. 2000) and a research performed by Szabo et al. (2000) reported that TMAB of 120 ready-to-eat lettuce samples
were found to range from 3.00 to 9.00 log CFU g'. The findings of another study also showed that TMAB was present
in the between 4.00-7.00 log CFU g'! (Ahmed et al., 2019).

The mean count of psychotropic bacteria (AP) in all collected samples was ~6.10 log CFU g, with a range of 2.00-
>7.48 log CFU g (Table 3). While the highest AP count was obtained from Esenler with the number of 6.41 log CFU
g, the samples collected in Uskudar had the lowest value with the number of 5.66 log CFU g™\, In terms of AP counts,
there were no statistically significant differences between the samples obtained from the European side (Esenler, Fatih,
and Besiktas) (p>0.05). The mean AP counts of the European and Asian sides were 6.36 and 5.86 log CFU g !,
respectively, which means there were significant differences in the AP microbial counts (p<0.05). The means of aerobic
psychotropic bacteria of fresh-cut salads varied from 2.00 to >7.48 log CFU g'. The results of an investigation
performed by Silva et al. (2007) revealed that AP count was found as ranging from 6.89 to 8.43 log CFU g''. The
outcomes of this study were significantly higher than the results obtained in this present study. Regardless of whether
the count of these bacteria is low or high, the ability of aerobic psychotropic microorganisms to proliferate at
refrigerated temperatures promotes the spoiling of vegetables, with the exception of a few psychotropic species (Graca
et al., 2017).

Table 3. Results of AP count in the analyzed samples
Number Percentage (%) of samples in the indicated interval

Regions  rcamples 23 34 45 56 67 78 Range* Mean*
Esenler 30 00 266 100 133 266 433 385748 641=l.17°
Fatih 30 00 00 33 366 366 233 416748 634+0.88"
Besiktas 30 00 00 133 233 300 333 438748 6324095
Uskudar 30 50 50 100 350 350 100 200748 5.66+1.27%
Kadikoy 30 00 00 200 240 280 240 347748 5.91+1.21%
Umraniye 30 00 00 200 250 350 200 414748  5.98:1.04%

Means with various letters () according to ANOVA (p<0.05) are substantially different. * The measurement unit is log CFU g™

The mean count of yeast and molds (YM) for salads was ~4.77 log CFU g''. The count of YM in Esenler, Fatih
and Besiktas ranged from 2.47 to >7.48 log CFU g, 2.84 to >7.48 log CFU g and 3.60 to >7.48 log CFU g,
respectively, while the enumeration of YM in Uskudar, Kadikoy and Umraniye ranged from 2.00 to 6.34 log CFU g’!
2.00 to 5.85 log CFU g! and 3.43 to 7.37 log CFU g’!, respectively (Table 4). These findings found no statistically
significant differences between samples (p>0.05). The samples collected from the European side had the higher YM
counts, with the mean 5.06 log CFU g count, and the mean YM count of the Asian side was 4.47 log CFU g'. YM
counts of samples collected from two sides were significantly (p <0.05) different.

Table 4. Results of YM count in the analyzed samples

Number Percentage (%) of samples in the indicated interval

Regions of samples 223 34 45 56 o7 78 Range?* Mean*

Esenler 30 33 233 233 36.6 6.6 6.6 2.47-7.48 4.82+1.294
Fatih 30 33 0.0 36.6 333 200 6.6 2.84-7.48 5.30+1.064
Besiktas 30 0.0 200 333 30.0 13.3 33 3.60-7.48 5.05+1.074
Uskudar 30 10.0 30.0  20.0 35.0 5.0 0.0 2.00-6.34 4.41£1.094
Kadikoy 30 16.0 20.0 440 20.0 0.0 0.0 2.00-5.85 4.16+1.044
Umrantye 30 0.0 300 25.0 25.0 150 5.0 3.43-7.37 4.91+1.124

Means with various letters () according to ANOVA (p<0.05) are substantially different. * The measurement unit is log CFU g
1
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In our study, YM showed their incidence level between 2.00 and >7.48 log CFU g''. Fruits, raw and ready-to-
eat vegetables were collected in a study carried out by Badosa et al. (2008) and the YM count of these samples
was found as ranging from 5.00 to 6.00 log CFU g!. In another study, a total of 116 samples were collected by
Pingulkar (2001) to determine the microbial quality of salad samples and YM counts ranged from 2.00 to 5.00 log
CFU g'!. As for a study conducted in Brazil (Dos Santos et al., 2021) researchers found that the count of YM was
between 3.40 and > 6.30 log CFU g!. A lower count of YM with a mean of 3.69 log CFU g was observed in
another study (Schuh et al., 2019) Mold growth in fresh-cut salads, in fact, is not the cause of microbial degradation
in these foodstuffs. Some molds, on the other hand, may be linked to health hazards in fruits and vegetables due
to the production of mycotoxins and the induction of allergies (Seow et al., 2012).

S. aureus is a frequent foodborne pathogen that has been isolated from a variety of foods. In the food sector, the
agent exploits a variety of contamination sources (Fetsch and Johler, 2018). S. aureus in food is usually caused by
direct or indirect contact with infected food. S. aureus has identified contaminated hands, nostrils, mouths of personnel,
contaminated food contact surfaces, and equipment. Humans play an important role in the food-human chain (Bilgin
etal., 2019). Hence, the existence of S. aureus in our salads was also investigated. The enumeration of S. aureus ranged
from 2.00 to 3.29 log CFU g'! (Table 5). The enumeration of S. aureus in Esenler, Fatih and Besiktas ranged from 2.00
t0 6.13 log CFU g'!, 2.00 to 4.60 log CFU g™ and 2.00 to 4.86 log CFU g’!, respectively. However, the enumeration of
S. aureus in Uskudar, Kadikoy and Umraniye ranged from 2.00 to 3.29 log CFU g'!, 2.00 to 5.30 log CFU g'and 2.00
to 4.54 log CFU g, respectively. Fatih was the lowest S. aureus count with 1.73 log CFU g (p<0.05). However, the
European and Asian sides had no substantial (p>0.05) differences. In contrast to our study, a survey conducted in
Norway by Johannessen et al. (2002) found no S. aureus in the samples collected. In contrast, 50 vegetable salads
samples sold in India were collected and the results revealed that S. aureus was detected in 15.1% of vegetable salads
(Tambekar and Mundhada, 2006). Interestingly, the results of a study revealed no S. aureus in salad samples (Aghalari
et al., 2021). In our study, coagulase test was also applied to some picked S. aureus colonies (3-5 colonies from each
sample). A total of 43 samples were determined by coagulase-positive staphylococci. Of these, 51.2% belonged to the
samples collected in Esenler, Besiktas and Fatih while 48.8% belonged to Uskudar, Kadikoy and Umrantye. On the
contrary to our results, Becker et al. (2019) found the level of coagulase-positive staphylococci strains undetectable.

Table 5. Results of S. aureus count in the analyzed samples

Number Percentage (%) of samples in the indicated interval

Regions of samples 223 34 45 56 o7 78 Range?* Mean?*

Esenler 30 60.0 20.0 16.6 0.0 33 0.0 2.00-6.13 2.23+1.93BA
Fatih 30 86.6 100 33 0.0 0.0 0.0 2.00-4.60 1.73+1.368
Besiktas 30 80.0 166 33 0.0 0.0 0.0 2.00-4.86 2.51+0.734
Uskudar 30 80.0 200 0.0 0.0 0.0 0.0 2.00-3.29 2.44+0.474
Kadikoy 30 84.0 8.0 4.0 4.0 0.0 0.0 2.00-5.30 2.50+0.884
Umraniye 30 85.0 5.0 10.0 0.0 0.0 0.0 2.00-4.54 2.26+0.6284

Means with various letters (“) according to ANOVA (p<0.05) are substantially different. * The measurement unit is log CFU g’

MPN method was used to determine the count of coliform and fecal coliform. Table 6 shows the results of
coliform and fecal coliform count in the samples analyzed with MPN.

On the European side, the highest number of coliform was found in Esenler, whereas the lowest number was
in Fatih. Likewise, the highest and lowest count of fecal coliform was found in Esenler and Fatih, respectively. A
verification test was performed to the colonies which were thought to be probable E. coli. Of collected samples, 7
samples from the European side verified as E. coli.

On the Asian side, Umraniye scored the highest coliform count, while Kadikoy had the lowest coliform count
(Table 6). As for the count of fecal coliform on the Asian side, the highest and lowest count of fecal coliform was
found in Umraniye and Kadikoy, respectively. As mentioned above, the verification test was performed on samples
considered to be possible E. coli. After all, E. coli was found positive in a total of 6 samples on the Asian side. As
a result, E. coli was found in 7.2% (13 of 180) of all samples. Of the positive E. coli, 53.8% were found on the
European side and 46.2% on the Asian side. The presence of E. coli is comparable to those found by other
researchers. A survey performed by Mukherjee et al. (2004) was reported that E. coli was present in 9.7% of the
samples. In India, Tambekar and Mundhada (2006) examined a total of 50 samples of salad and found E. coli in
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38.2% of the analyzed samples. Regarding the survey carried out in Pakistan, E. coli had been found in positive
nine of the twelve types of samples tested (Ejaz et al., 2020). In a previous conducted study, E. coli count of salads
was found to be 11.57% (Xylia et al., 2019). Compared to the above-mentioned surveys, our results were found to
be lower.

Table 6. Results of coliform and fecal coliform count in the analyzed samples with MPN

Regions Number of Coliform Fecal Coliform
samples Minimum Mean Maximum  Minimum Mean Maximum

Esenler 30 92 3588.1 >11000 92 2790.8 >11000
Fatih 30 <30.0 1046.5 >11000 <30.0 955.5 >11000
Besiktas 30 <30.0 27452 >11000 <30.0 25.19.8 >11000
Uskudar 30 <30.0 1650.1 >11000 <30.0 1205.5 >11000
Kadikoy 30 <30.0 1520.08 >11000 <30.0 1019.04 >11000
Umramye 30 <30.0 1917.2 >11000 <30.0 918.50 >11000

On the European side, Listeria spp. was found in 46.6%, 30.0% and 36.3% of the samples analyzed in Esenler,
Fatih and Besiktas, respectively. On the Asian side, Listeria spp. was determined in 10.0%, 16.0% and 25.0% of
the samples analyzed in Uskudar, Kadikoy and Umraniye, respectively (Table 7). In the present study, 45 of the
collected 180 samples were found to be positive for Listeria spp. PCR was applied to presumptive colonies to find
out the presence of some genes that determine whether the bacterium is associated with Listeriosis and none of
them were identified as L. monocytogenes. In the current study, 45 of the collected 180 samples were found to be
positive for Listeria spp. The high counts of presumptive Listeria spp. were reported in a study, as well (Ssemanda
et al., 2017). Nevertheless, Listeria spp. was not confirmed as L. monocytogenes. Our results were similar to an
investigation conducted by De Giusti et al. (2010). Contrary to our results, L. monocytogenes were isolated from
conventionally produced salad samples in a study (Becker et al., 2019). Besides, some contrary results were also
obtained from researches performed by other scholars (Cardamone et al. 2015; Gurler et al. 2015).

Table 7. The incidence of pathogens in the analyzed samples
Percentage (%) of samples with presumptive colonies

Regions Number of samples Salmonella spp. Listeria spp.
Esenler 30 *ND 46.6
Fatih 30 ND 30.0
Besiktas 30 ND 36.3
Uskudar 30 ND 10.0
Kadikoy 30 ND 16.0
Umraniye 30 ND 25.0

a ND: not detected.

Salmonella spp. may contaminate fruits and vegetables throughout the harvesting, processing, and
transportation and preparation steps. Sa/monella spp. were not isolated from any of the samples in our investigation.
Therefore, no identification test such as PCR was applied for the detection of Salmonella. This is supported by the
findings of various investigations. No Salmonella spp. were discovered in a study on Brazilian origins (Maffei et
al. 2013). A similar investigation was carried out in Portugal, and Salmonella spp. were not found in any of the
samples (Santos et al., 2012). This is supported by a previous study of Xylia et al. (2019) who reported no
prevelance of Salmonella spp. in vegetables salads.

In our study, the microbiological quality and safety along with some physicochemical attributes of the salads
were analyzed. The effects of season, salad producer and type of salad and/or their interactions with the tested
parameters were not investigated as other researchers (Xylia et al., 2019). Later studies may conduct on these
attributes, as well.
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3.3. TOPSIS results

One of the most preferred MCDM methods is TOPSIS. With the use of this method in this regard, it is aimed
to provide a new contribution to the field. In the present study, the ranking of the districts was made with the help
of ANOVA and TOPSIS. However, comparison of the data can also be made by using other MCDM methods.

According to the ANOVA results, while one district is superior based on one criterion, another district is
superior based on a different criterion. As a result, comparing alternatives or samples is quite difficult. The TOPSIS
approach was used as an MCDM strategy to determine district ranking based on microbiological quality and safety
of fresh-cut salads in order to make comparisons easier. The criteria used in TOPSIS analysis were TMAB, AP,
YM, S. aureus, coliform, and fecal coliform bacteria count. Before TOPSIS analysis, the count of bacteria (log
values for TMAB, AP, YM, S. aureus and MPN results for coliform, and fecal coliform bacteria) was normalized
to evaluate criteria with different units together. Therefore, the values of each criteria were converted to be between
0 and 1. This also prevents the analysis from being affected by extreme values. In the evaluation, districts are
required to have minimum values for each criteria.

Table 8 summarizes the TOPSIS analysis results for microbial safety and quality by district. Table 9 shows the
microbial count values for each district at general criteria level. According to the results (Table §8), Uskudar was
defined as the most suitable district for TMAB and AP count. Based upon Table 8, Kadikoy was found to be the
best district in terms of YM count. In terms of S. aureus, coliform and fecal coliform criteria, Fatih had the best
values with 0.642598, 0.696173 and 0.760257, respectively. Esenler had very bad values of TMAB and AP, S.
aureus, coliform and fecal coliform. As for YM, Fatih had the worst scores. Upon determining the general
comparison of districts in Table 9, Uskudar was at the top of the ranking followed by Kadikoy, Fatih, Besiktas,
Umraniye. There were no significant differences between Uskudar (0.622451) and Kadikoy (0.611779). Esenler
had the worst scores (0.469538) considering all microorganism count.

Table 8. Comparison of districts with TOPSIS method in terms of TMAB, AP, YM, S. aureus, coliform and
fecal coliform bacteria

Raking TMAB AP YM

1 Uskudar 0.624761 Uskudar 0.556921 Kadikoy 0.695579
2 Fatih 0.558363 Kadikoy 0.526103 Uskudar 0.593599
3 Kadikoy 0.550451 Umraniye 0.48182 Umraniye 0.525903
4 Besiktas 0.447955 Besiktas 0.439515 Esenler 0.501697
5 Umraniye 0.399797 Fatih 0.406436 Besiktas 0.492622
6 Esenler 0.398304 Esenler 0.390423 Fatih 0.435144
Raking

1 Fatih 0.642598 Fatih 0.696173 Fatih 0.760257
2 Umraniye 0.612393 Uskudar 0.690001 Umraniye 0.704425
3 Uskudar 0.588401 Kadikoy 0.688461 Kadikoy 0.687015
4 Kadikoy 0.556822 Besiktas 0.650184 Uskudar 0.649603
5 Besiktas 0.544825 Umraniye 0.571863 Besiktas 0.570672
6 Esenler 0.439811 Esenler 0.554388 Esenler 0.53177

Table 9. General comparison of districts based on TMAB, AP, YM, S. aureus, coliform and fecal coliform
bacteria with TOPSIS method

Districts Ranking by TOPSIS
1 Uskudar 0.622451
2 Kadikoy 0.611779
3 Fatih 0.575374
4 Besiktas 0.536703
5 Umraniye 0.533344
6 Esenler 0.469538

4. Conclusions

This study focused on comparing the microbial quality and safety of fresh-cut salads according to different
districts in Istanbul. The ANOVA and TOPSIS results were found to be comparable. In the TOPSIS method, equal
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weighting was applied to the criteria to avoid subjective evaluation. While there was no difference among Uskudar,
Kadikoy and Umraniye in TMAB results obtained from the ANOVA, Uskudar was found as the best district in
TMAB results obtained from the TOPSIS. The best district for AP was found compatible with the TOPSIS and
ANOVA. According to the ANOVA, no difference was found among the districts in the YM results but the best
district for YM results was Kadikoy according to the TOPSIS. In the ANOVA, Esenler, Fatih, and Umraniye had
close values for S. aureus, while Fatih was at the top of list in the TOPSIS. As the general comparison could not
be made in the ANOVA, districts have been ranked by using the TOPSIS method in terms of all criteria including
TMAB, AP, YM, S. aureus, coliform, and fecal coliform. Based on the TOPSIS results, the best and worst district
were found to be Uskudar and Esenler, respectively.

As a conclusion, the findings of this study gave information on the microbiological quality of fresh-cut salads
marketed commercially in Istanbul, Turkey. Although the results of the current study show that fresh-cut salads
could be conveniently consumed in Istanbul, the execution of the cold chain and the correct storage and sanitation
condition of the fresh products should be maintained in order to ensure acceptable quality.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kirklareli Kosullarinda Farkli Damla Sulama Lateral Derinliklerinin Yalin ve Karisim
Halinde Ekilen Yoncanin Verimi ve Kalite Parametreleri Uzerine Etkisi

The Effect of Different Drip Irrigation Lateral Depth on the Efficiency and Quality Parameters
of Alone and Mixture Planted Alfalfa in Kirklareli Conditions

Ozan OZTURK", Canan SEN?

Oz

Bu arastirma Kirklareli kosullarinda bdlge iireticisine kisitli sulanabilir tarim arazileri igerisinde mevcut kaba yem
acigin1 kapatabilmek adina, ylizey alti damla sulama sisteminin yalin ve karigim halde ekilen yonca bitkisinin
verimine ve kalite parametrelerine etkisinin sunulmasi amaciyla planlanmigtir. Kirklareli Atatiirk Toprak Su ve
Tarimsal Meteoroloji Arastirma Enstitiisii arazisinde “Faktoriyel Diizenlenmis Tesadiif Bloklar1 Deneme Deseni
“ne gore tarla denemesi olarak dort tekerriirlii toplam 24 parselde 2019 ve 2020 yillarinda yiirGitilmiistiir.
Arastirmada yalin ekim (yonca) ve yonca (Medicago sativa L.), domuz ayrig1 (Dactylis glomerata L.), ¢ok yillik
¢im (Lolium perenne L.) ve kilgiksiz brom (Bromus inermis L.) bitkilerinden olusan karigik ekim olmak tizere iki
ekim sekli kullanilmigtir. Karisimda bulunan bitkilerin oranlari baklagiller i¢in %25, bugdaygiller i¢in %75 olarak
tercih edilmistir. Sulama yontemi olarak yagisa dayali kosullar, topragin 20 cm derinligine yerlestirilen damla
sulama lateralleri ve 40 cm derinligine yerlestirilen damla sulama laterallerinin kullanildig1 yiizey alt1 damla
sulama sistemi tercih edilmistir. Arastirmada en yiiksek yesil ot verimi (11.031,19 kg da™!) ve en yiiksek kuru ot
verimi (1.880,51 kg da') 40 cm derinligine yerlestirilen laterallerle sulanan yalin ekimden elde edilmistir. Karisik
ekimde 20 cm derinligine yerlestirilen laterallerle sulanan parsellerde en yiiksek yesil ot (10.166,32 kg da™!) ve
kuru ot verimi elde edilmistir. Her iki ekim seklinde de en diisiik verim yagisa dayali konulardan alinmstir. Elde
edilen verilere gore; yalin ekilen yonca parsellerinde yesil ot ve kuru ot verimleri, ham protein, hamseliiloz, ADF,
NDF ve ham kiil oranlar dikkate alindiginda; 40 cm toprak derinligine yerlestirilen laterallerle sulama, karigik
ekimde ise 20 cm derinligine yerlestirilen laterallerle sulama 6nerilebilir.
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Abstract

This research was planned to present the effect of subsurface drip irrigation system on the yield and quality
parameters of alfalfa of alone and mixture planted form in order to close the roughage deficit in the limited irrigable
agricultural lands to the regional producer in Kirklareli conditions. The field experiment was carried out in a total
of 24 plots with four replications in 2019 and 2020 according to the "Factorial Arranged Random Blocks Trial
Design" on the land of Kirklareli Atatiirk Soil Water and Agricultural Meteorology Research Institute. Two
planting methods from alone planting (clover) and mixed planting consisting of alfalfa (Medicago sativa L.),
Orchardgrass (Dactylis glomerata L.), perennial grass (Lolium perenne L.) and smooth brome (Bromus inermis
L.) were used in the study. The ratios of the plants in the mixtures were determined as 25% for legume and 75%
for poaceae. As the irrigation method, precipitation-based conditions, drip irrigation laterals placed at a depth of
20 cm in the soil and a subsurface drip irrigation system using drip irrigation laterals placed at a depth of 40 cm
were preferred. In the research, the highest green grass yield (11.031,19 kg da™!) and the highest hay yield (1,880.51
kg da’') was obtained from irrigated alone planting with laterals placed at a depth of 40 cm. In mixed planting, the
highest yield of green (10.166,32 kg da') and hay was obtained in the plots irrigated with laterals placed at a depth
of 20 cm. In both planting forms, the lowest yield was obtained from the treatments based on precipitation.
According to the data obtained; Considering the green grass and hay yields, crude protein, crude cellulose, ADF,
NDF and raw ash ratios in planted alone alfalfa plots; Irrigation with laterals placed at a depth of 40 cm in the soil,
and irrigation with laterals placed at a depth of 20 cm in mixed planting can be recommended.

Keywords: Alfalfa, Subsurface drip irrigation, Forage mix, Hay quality, Legume, Poaceae
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1. Giris

Ulkemizde ekilebilir tarim alanlarinin toplami 23 milyon hektar civarmdadir. Yem bitkisi ekili alanlarm
toplami ise 2020 yili itibariyle yaklasik 2.260.000 hektardir. Bu haliyle yem bitkisi ekili alanlarm tiim ekilebilir
alanlar icerisindeki oran1 %10 dur. Hayvan varlifimizin Biiyiik Bag Hayvan Birimi (BBHB) cinsinden ifadesi
yaklasik 19 milyon BBHB’ ne denk gelmektedir. Yillik kaba yem ihtiyact 87 milyon ton kuru ot kadardur.
Ulkemizde 2020 yilinda iiretilen toplam kuru ot miktarmin 25 milyon ton oldugu gériilmektedir. Mevcut iiretimin
kaba yem ihtiyacini karsilama oran1 %29’dur ve yaklagik 61 milyon ton kuru ot yem ag¢igimiz bulunmaktadir.
Kirklareli ilinin hayvan varligina bakildiginda; 164.943 BBHB hayvan varligimin yillik kuru ot kaba yem ihtiyaci
752.552 ton dur. Bu ilde kaba yem {iretiminin 161.000 ton oldugu géz 6niinde bulunduruldugunda kaba yem
ihtiyacinin karsilanma orani sadece %21 olup, 2020 y1l1 itibariyle kaba yem ag1g1 600.000 ton civarindadir (TUIK,
2021). Bu agigin giderilmesi igin kuru ve sulu tarim sistemlerinin en yiiksek kaba yem iiretiminin saglanacak
sekilde planlanmasi yapilmalidir. Bu baglamda 6zellikle sulu tarim sistemlerinde minimum su kullanilarak
maksimum yem verimi hedeflenmelidir. Giinlimiizde; iklim degisiklikleri ve kiiresel 1smmanimn etkisi ile
mevsimsel yagislar daha kisa siire icerisinde daha fazla miktarda yagmakta, bitkiler ihtiya¢ duyduklari suyu uzun
stire bulamamakta veya belli dénemlerde ihtiyacindan ¢ok fazla su ile kars1 karsiya kalmaktadir. Artan diinya
niifusunu besleyebilmek i¢in ekili tarimsal alanlarm arttirilmast miimkiin gériilmediginden; mevcut tarim
alanlarinda sulama yaparken sulama kayiplarinin en aza indigi, su ve enerji tasarrufu saglayan, cevre dostu basingl
sulama sistemlerinin kullanilmas: dnemlidir.

Kirklareli ilinin tarim alanlar1 incelendiginde sulanabilir alanlar tiim tarim alanlari igerisinde %17’lik bir orana
sahiptir. Bu oranin azligi su kaynaklarinin kisith olmast ve sulama maliyetlerinin yiiksek olmasindan
kaynaklanmaktadir. Bélgede ¢ok yillik yem bitkisi olarak yetistirilen en yaygin bitki olan yonca ekili alanlarin
tamamina yakin1 yagmurlama sulama ile sulanmaktadir. Sulama imkan1 olan tarim alanlarinda genellikle birim
alana getirisinin daha yiiksek oldugu diisiiniilen tek yillik endiistri bitkileri ve yem bitkisi olarak silajlik misir
ekilmektedir. Calisma ilk tesisi y1l1 disinda isgiligin tiretim maliyetinde ¢ok az yer tuttugu yiizey alt1 damla sulama
sisteminin kullaniminin verime ve kaliteye etkisini kapsamaktadir.

Yonca Diinyanin ve Tiirkiye’nin kurak ve yar1 kurak bolgelerinde yetistirilen, otu proteince zengin bir yem
bitkisidir (Arslan ve ark., 2020). Yem bitkilerinin krali¢esi olarak adlandirilan yonca; genis bir adaptasyon
kabiliyetine sahip ¢ok farkli sekillerde faydalanilan, yiiksek verimli bir yem bitkisidir. Cok farkli iklim ve toprak
kosullarina uyum gosterdigi i¢in iilkemizin hemen her bdlgesinde yetistirilmektedir. Yonca, yiiksek protein,
mineral ve vitamin igerigine sahip olmasi nedeniyle hayvanlar i¢in oldukca besleyici bir yem bitkisidir (Engin ve
Mut, 2018)

Calismada kullanilan bitki tiirleri (yonca, domuz ayrig1, kil¢iksiz brom ve ¢ok yillik ¢im) bir iiretim sezonu
icerisinde birden ¢ok bicim yapilan ¢ok yillik yem bitkileridir. Kurulan tesisler de buna bagli olarak ¢ok yillik
tesislerdir. Secilen karisim orani da en ¢ok kullanilan karigim seklidir. Bolgede Tarim ve Orman Bakanligi destekli
“Cayir Mera Amenajman ve Islah Projelerinde” bu karigim bitkileri tercih edilmektedir. Giiniimiizde hayvancilik
tesislerinde entansif tarimda kaba yem ihtiyacinin karsilanmasinda yapay c¢ayir ve meralar 6n plana ¢ikmaktadir.
Bu tiir isletmelerde yapay ¢ayir mera tesislerinde de ¢okca kullanilan karigim tiirleri arastirmanin bitki materyali
olarak secilmistir.

Aragtirma ile bolge Tlreticisine kisitli sulanabilir tarim arazileri igerisinde mevcut kaba yem agigini
kapatabilmek adina, buharlagma kayiplarinin daha az oldugu farkli derinlikte yiizey alt1 damla sulama sisteminin
yalin ve karigim halde ekilen yonca bitkisinin verimine ve kalite parametrelerine etkisinin sunulmasi
amaglanmuistir.

2. Materyal ve Metot

Aragtirma Kirklareli sehir merkezinin giineyinde 41.7010 kuzey enlemi, 27.2098 dogu boylami koordinatinda
kalan Atatiirk Toprak Su ve Tarimsal Meteoroloji Arastirma Enstitiisii arazisinde yiiriitilmiistiir. Marmara
bdlgesinin Trakya yéresinde yer alan Kirklareli ilinde karasal iklim goriilmektedir (Tablo 1). 1l merkezi her
mevsim yagis almaktadir. Yillik ortalama yagis 583.6 mm’dir. En yiiksek sicaklik ortalamalari ve en diisiik yagis
miktart Temmuz-Agustos aylarinda goriilmektedir.

382



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(2)

Tablo 1. Arastirma yerinin 2019 ve 2020 yllarina ait iklim verileri
Table 1. Climate data of research area in 2019 and 2020 years

Ort. Sic. Ort. Mak. Sic.  Ort. Min. Sic.  Yagish Giin

Yil Aylar ©C) ©C) ©C) Sayist Yagis (mm)
Ocak 4.23 14.98 -9.93 16 111.1
Subat 5.37 18.37 -4.89 7 27
Mart 9.05 22.20 -2.14 3 4.2
Nisan 11.55 24.70 -0.49 18 120.9
Mayis 18.49 31.28 5.85 18 48.6

2019 Haziran 25.29 35.08 12.00 3 22
Temmuz 25.39 37.49 12.34 8 63.9
Agustos 26.70 35.83 12.74 3 20.4
Eyliil 21.68 32.57 7.10 5 16.8
Ekim 16.21 23.59 6.65 12 71.9
Kasim 14.24 24.30 4.99 11 36.8
Aralik 7.77 17.74 -1.21 20 26.6
Ocak 3.58 15.89 -6.01 11 359
Subat 6.19 17.77 -6.62 9 31
Mart 9.16 22.06 -3.13 9 19.3
Nisan 10.88 26.12 -0.12 6 42.1
Mayis 17.05 33.05 4.89 11 61.6

2020  Haziran 20.83 32.37 9.73 15 111.3
Temmuz 24.27 35.08 12.58 0 0
Agustos 24.73 36.71 14.09 1 2.6
Eyliil 22.32 36.16 11.66 4 7.8
Ekim 17.73 38.07 8.47 6 40.4
Kasim 9.83 22.50 -0.66 1 0.4
Aralik 13.00 26.12 -0.12 10 67.6

Aragtirma yeri ve arastirma parsellerinin kuruldugu alan topografik olarak diiz bir yapidadir. Toprak
katmaninin 0-90 cm arasi derinligi kumlu-tin, 90-120 cm aras1 derinligi ise kumlu-killi-tin biinyeye sahiptir.
Kullanilan sulama T5A1 sinifinda yer almaktadir.

Yoncanin yalin ve bdlgede en ¢ok tercih edilen yapay merada kullanilan bugdaygillerle karigimi aragtirmanin
bitki materyalini olusturmustur. Yaln ekilen yoncada 2.5 kg da”' ekim normu kullamlmistir. Karigik ekimde ise;
%25 yonca (Medicago sativa L.), %25 domuz ayng1 (Dactylis glomerata L.), %25 ¢ok yillik ¢im (Lolium perenne
L.) ve %25 kilgiksiz brom (Bromus inermis L.), olacak sekilde karisimda bulunma oranlar1 ayarlanmustir.
Tohumlar May1s aymin ilk haftasinda 20 cm sira aras1 mesafeli el markoriiyle ekilmis ve merdane ile bastirilmigtir.
Deneme siiresince yabanci ot kontroliine ihtiyag duyulmamistir. Ekimle birlikte 20 kg da™' DAP (18.46.0) giibre
uygulamasi yapilmistir. Caligma siiresince bagka giibreleme yapilmamustir.

Denemede sulama yapilacak parseller i¢in toprak altina 70 cm aralikla yerlestirilen damla sulama borulari
kullanilmustir. Toprak yiizeyinin 20 cm ve 40 cm olmak {izere iki farkli derinligine yerlestirilen lateraller 40 cm
damlatic1 aralikly, 4 1t sa™' debili ve @16 mm gapindadir. Aragtirma, “Faktériyel Diizenlenmis Tesadiif Bloklari
Deneme Deseni “ne gore tarla denemesi olarak dort tekerriirlii toplam 24 parselde 2019-2020 yillarinda yiiriitiillen
arastirmanin ana konularini ekim sekli, alt konularini ise lateral derinlikleri olusturmustur.

Arastirma siiresince, toprak nemi toprak profilinin ilk katmaninda (0 - 30 cm) gravimetrik yontemle, 30 - 90
cm arasinda ise 30 cm araliklarla nétronmetre yontemiyle takip edilmistir. 7 giinliik sulama araligiyla tiim parseller
etkili kok derinligi olan 90 cm derinlik tarla kapasitesine tamamlanacak sekilde sulanmustir.
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Kalite analizlerine esas bitki 6rnekleri bi¢im makasiyla alinmigtir. Hasat zamani olarak %10 ciceklenme
donemi dikkate alinmigtir. Arastirmanin kalite analizlerinden, kuru madde analizi, ham kiil analizi ve ham protein
analizi Kutlu (2008)’e gore, ADF, NDF ve ham seliiloz analizler Van Soest ve ark. (1991)’e gore yapilmustir.

Aragtirmada, istatiksel analizler i¢in “JPM” ve “SPSS “ paket programlari kullanilmistir. Grafiklerin ve
denklemlerin olusturulmasinda “Ms Excel” programindan yararlanilmistir.

3. Arastirma Sonuclari ve Tartisma

Aragtirmanin birinci yili olan 2019 yili icerisinde sulanan parsellerden 7 bicim, yagisa dayali kosullarda
yetistirilen parsellerden ise 6 bi¢cim alimmustir. Arastirmanin ikinci yili olan 2020 yili icerisinde sulanan
parsellerden 7 bigim, yagisa dayali kosullarda yetistirilen parsellerden ise 5 bigim alinmistir. Makalede ot
verimlerinde toplam bigim, kalite analizleri sonuglarinda ise ortalama sonuglar1 verilmistir.

Arastirmada elde edilen yesil ot verimleri (kg da™!) Tablo 2’de verilmistir. Deneme yillarmin, ekim seklinin,
lateral derinliklerinin, lateral derinligi*ekim sekli interaksiyonun ve y1l*ekim sekli*lateral derinligi interaksiyonun
yesil ot verimi lizerine etkisi %5 Onem seviyesinde istatistiki olarak anlamli bulunmustur. Ekim sekline gore
incelendiginde en yiiksek verim yalin ekilen yoncadan elde edilmistir. Karisik ekilen yoncanin verimi daha diisiik
gergeklesmistir. Ekim sekli*lateral derinligi interaksiyonuna gore yapilan analizlerde yalin ekilen yoncanin 40 cm
toprak derinligine yerlestirilen laterallerle sulanan parsellerinde en yiiksek verim elde edilirken, karigik ekimde 20
cm derinligine yerlestirilen laterallerle sulanan parsellerde en yiiksek verim elde edilmistir (7ablo 2). Bunun
nedeni olarak karisik ekimde bulunan bugdaygillerin sagak koklerinin olmasiin sonucu daha yiizlek kokler
olusturmasi ve 20 cm derinlige yerlestirilen laterallerin yakinlarinda suyu buldukg¢a bu bdlgedeki sudan daha iyi
yararlanmasi gosterilebilir. Sonug olarak bu bolgedeki kokler de yiizeysel gelismistir. Ayni sekilde yalin ekilen
konularda bulunan yonca bitkisi ise kazik kdke sahiptir ve bitki kokleri daha derinlerdeki sudan 1iyi
yararlanabilmektedir. Her iki ekim seklinde de en diisiik verim yagisa dayali konulardan alinmistir. Yagisa dayali
kosullarda yetistirilen parsellerden 2020 yilinda 2019 yilina gore bir bigim eksik alinmistir. Bunun nedeni b yagis
alinmasi olarak goriilmiistiir. En yiiksek yesil ot verimi 40 cm derinlige yerlestirilen laterallerle sulanan yalin
ekilen yoncadan (11.031,19 kg da™') elde edilirken en diisiik verim yagisa dayal karisik ekilen yoncadan (4.487,56
kg da') elde edilmistir. Tesisin ikinci yili, denemenin birinci yili olan 2019 yilinda elde edilen ortalama yesil ot
verimi 8.535,75 kg da™! 2020 yilinda elde edilen yesil ot verimi ise 8.297,86 kg da™! olarak gergeklemistir (Tablo
2). 2020 yilinda yagisa dayali parsellerde 2019 yilina gore bir bigim eksik alinmistir. Eksik alinan bu bigim de
yillar ortalama verim degerlerine yansimistir. Arastirmada elde edilen sonuglar Kazumba ve ark. (2010), Engin ve
Mut (2017), Yelsiz (2019) ve Li ve Su (2017) ¢aligmalariyla benzerlik gdstermistir.

Tablo 2. Yesil ot verimleri
Table 2. Green grass yields

Ekim Sekli Lateral Derinligi 2019 2020 Ortalama Ekim Sekli Ort.
Yagisa dayali 4.752,40¢g 4.623,11¢g 4.687,76e
Yalin Ekim 20 cm 10.474,72bc 10.254,97¢cd 10.364,85b 8.694,60a
40 cm 11.386,40a 10.675,98b 11.031,19a
Ortalama 8.871,17a 8.518,02b 8.694,60
Yagisa dayali 4.778,85¢g 4.196,27h 4.487,56f
Karisik Ekim 20 cm 10.246,94cd 10.085,70de 10.166,32¢ 8.139,02b
40 cm 9.575,22f 9.951,15¢ 9.763,18d
Ortalama 8.200,34c 8.077,71c 8.139,02
Yillar Ort. 8.535,75a 8.297,86b 8.416,81
Yagisa Dayali 4.765,62¢ 4.409,69d 4.587,66¢
20 cm 10.360,83a 10.170,34b 10.265,58b
40 cm 10.480,81a 10.313,57ab 10.397,19a
LSD: LD*ES=167.56 Yil=185.147 ES=185.147 Y*ES=261.838 LD=118.486 CV=0.0193

Arastirmada elde edilen kuru ot verimleri (kg da™') Tablo 3’te verilmistir. Deneme yillarmin, ekim seklinin
lateral derinliklerinin, lateral derinligi*ekim sekli interaksiyonun ve y1l*ekim sekli*lateral derinligi interaksiyonun
kuru ot verimi iizerine etkisi %5 6nem seviyesinde istatistiki olarak anlamli bulunmustur. Ekim sekline gére en
yiiksek kuru ot verimi yalin yoncadan (1.880,51 kg da™!) elde edilmistir. Karisik ekimde kuru ot verimi 1.772,23
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kg da! olarak tespit edilmistir. Arastirma sonuglarinda yillar aras1 kuru ot verimleri arasinda meydana gelen fark
istatistiki olarak anlamli bulunmugtur. Tesisin ikinci yil1 denemenin birinci y1li olan 2019 yilinda elde edilen
ortalama kuru ot verimi 1.872,09 kg da' 2020 yilinda elde edilen yesil ot verimi ise 1.780,66 kg da™' olarak
gergeklemistir (Tablo 3). Yillar arasi farkin ortaya ¢ikma nedeni 2019 yili ile 2020 y1ili arasindaki Temmuz Agustos
aylarim1 yagis toplaminin yagisa dayali yetistirilen parsellerde meydana getirdigi verim diisiikligii olarak
goriilmistiir. 2020 yilinda bu parsellerde 2019 yilina gore bir bicim eksik alinmistir. Eksik alinan bu bigim de
yillar ortalama verim degerlerine yansimistir. Ekim gekli*lateral derinligi interaksiyonuna gore yapilan analizlerde
yalin ekilen yoncanin 40 cm toprak derinligine yerlestirilen laterallerle sulanan parsellerinde en yiiksek verim
(2.329,62 kg da') elde edilirken, karigik ekilen yoncanin ise 20 ¢cm derinligine yerlestirilen laterallerle sulanan
parsellerinde (2.072,31 kg da’!) en yiiksek verim elde edilmistir. Her iki ekim seklinde de en diisiik verim yagisa
dayali parsellerden almmustir. En yiiksek kuru ot verimi 40 cm derinlige yerlestirilen laterallerle sulanan yalin
ekilen yoncadan (2.329,62 kg da™!) elde edilirken en diisiik verim yagisa dayah yetistirilen yalin ve karigik ekimden
(1.203,73 ve 1.198,92 kg da!) elde edilmistir.

Tablo 3. Kuru ot verimleri
Table 3. Dry grass yields

Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 1.270,07f 1.137,39¢g 1.203,73d
Yalin Ekim 20 ¢cm 2.171,54¢ 2.044,82d 2.108,18b 1.880,51a
40 cm 2.390,11a 2.269,14b 2.329,62a
Ortalama 1.94391a 1.817,12b 1.880,51
Yagisa dayali 1.316,02f 1.081,82g 1.198,92d
Karigik Ekim 20 cm 2.088,14d 2.056,49de 2.072,31bc 1.772,23b
40 cm 1.996,64¢ 2.094,29de 2.045,46¢
Ortalama 1.800,27b 1.744,20c 1.772,23
Yillar Ort. 1.872,09a 1.780,66b 1.826,37
Yagisa Dayali 1.293,05d 1.109,61¢ 1.201,33¢
20 cm 2.129,84a 2.050,66¢ 2.090,25b
40 cm 2.193,37a 2.181,72b 2.187,54a
LSD: LD*ES=46.23 Yil=31.38 ES=31.38 Y*ES=44.37 LD=32.69 CV=0.0245

Arastirmada elde edilen ham protein oranlar1 (%) Tablo 4’te verilmistir. Deneme yillarinin, ekim seklinin
lateral derinliklerinin, lateral derinligi*ekim sekli interaksiyonun ve y1l*ekim sekli*lateral derinligi interaksiyonun
ham protein oranina etkisi %5 nem seviyesinde istatistiki olarak anlamli bulunmustur. Arastirmada ekim sekline
gore yapilan karsilastirmada yalin ekilen yoncanin ham protein iceriginin karisik ekilene oranla daha yiiksek
oldugu belirlenmistir Serin ve ark. (1998), Giiney ve ark. (2016), Albayrak ve Ekiz (2005), Bayraktar (2005), Ball
ve ark. (2001), ve Baytekin ve Giil (2009)’un bildirdigine gore baklagillerle karisim halinde ekilen bugdaygillerin
ham protein oranlar1 yalin ekilen bugdaygillerden daha yiiksek, yalin ekilen baklagillerin ham protein degerleri de
bugdaygillerle karigim halinde ekilen baklagillerden daha yiiksektir.

Tablo 4. Ham protein oranlart
Table 4. Crude protein ratios

Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 19.42def 20.22¢ 19.82bc
Yalin Ekim 20 cm 18.85gh 21.68a 20.27a 20.01a
40 cm 18.61h 21.27ab 19.94b
Ortalama 18.96a 21.06b 20.01a
Yagisa dayali 19.071g 19.82cd 19.44d
Karisik Ekim 20 cm 19.34ef 19.73de 19.53cd 19.69b
40 cm 19.15fg 21.05b 20.10ab
Ortalama 19.19¢ 20.20c 19.69b
Yillar Ort. 19.07b 20.63a 19.85
Yagisa Dayali 19.24d 20.02¢ 19.63b
20 cm 19.09de 20.71b 19.89a
40 cm 18.88¢ 21.16a 20.02a

LSD: LD*ES=0.303

Yil= 0264 ES=0.264

Y*ES=0.374 LD=0.214 CV=0.0148

385



Oztiirk & Sen
Kirklareli Kosullarinda Farkli Damla Sulama Lateral Derinliklerinin Yalin ve Karisim Halinde Ekilen Yoncanin Verimi ve Kalite Parametreleri Uzerine Etkisi

Aragtirma sonucuna gore de diger aragtirmacilarin bildirdigi gibi yalin ekilen yoncanin ham protein orani
%?20.01 olarak belirlenirken bugdaygillerle karigik ekilen yoncanin ham protein orant %19.69 olarak
belirlenmistir. Lateral derinliklerinin karsilagtirilmasinda 20 cm toprak derinligine gémiilen damlaticilarla 40 cm
toprak derinligine gdmiilen damlaticilarin bitkilerin ham protein igerigi iizerine etkisi anlamli bulunmamustir.

Arastirmada elde edilen ham seliiloz oranlar1 (%) Tablo 5°te verilmistir. Deneme yillarinin, ekim seklinin
lateral derinliklerinin, lateral derinligi*ekim sekli interaksiyonun ve y1l*ekim sekli*lateral derinligi interaksiyonun
ham seliiloz orani iizerine etkisi %5 Onem seviyesinde istatistiki olarak anlamli bulunmustur. Arastirmada ekim
sekline gore yapilan karsilagtirmada karisik ekimin ham seliiloz oranlarinin (%32.96), yalin ekimden daha yiiksek
oldugu goriilmistiir (%31.97). Lateral derinliklerine gore yapilan karsilastirmada en yiiksek ham seliiloz orani 40
cm derinlige yerlestirilen laterallerle sulanan karigik ekilen yoncadan (%34.94) elde edilirken en diisiik oran yagisa
dayal1 yetistirilen yalin ve karigik ekimden (%30.32 ve 31.02) elde edilmistir. Okuyucu (2018) yiiriittiigii
caligmada ii¢ farkli donemde hasat edilen yonca silajinin yem degerlerini incelediginde hemiseliiloz igeriginin
ciceklenme baglangict doneminde hasat edilen bitkilerde %13.35, seliiloz oraninin ise %31.35 oraninda oldugunu,
Giingdr ve ark. (2008), %23.37 ile 34.89 arasinda, Unalp (2014), gigeklenme baslangicinda %28.39 — 32.23, tam
ciceklenme doneminde %31.86 — 33.92 ve meyve baglama doneminde %34.87 — 41.86 arasinda degistigini
bildirmistir. Arastirmada bitkiler %10 ¢igeklenme doneminde hasat edilmislerdir. Elde edilen ham seliiloz oranlari
daha 6nce yapilmig calismalarda elde edilen sonuglarla benzerlik gostermistir. (Yavuz ve ark., 2009). Yillar arasi
karsilastirmada ve sulanma durumlarina goére karsilastirmada hava sicaklik ortalamalarinin daha yiiksek oldugu
2019 yilinda ve sulama yapilan konularda ham seliiloz oranlar yiiksek tespit edilmistir.

Tablo 5. Ham seliiloz oranlart
Table 5. Crude cellulose ratios

Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 31.74de 30.31f 31.02cd
Yalin Ekim 20 ¢cm 33.60c 32.61cd 33.10b 31.97b
40 cm 33.58¢ 30.01f 31.79¢
Ortalama 32.97a 30.97b 31.97
Yagisa dayali 30.79ef 29.84f 30.32d
Karisik Ekim 20 cm 33.53¢ 33.72bc 33.63b 32.96a
40 cm 34.81ab 35.07a 34.94a
Ortalama 33.05a 32.88a 32.96
Yillar Ort. 33.01a 31.92b 32.47
Yagisa Dayali 31.27d 30.07e 30.67b
20 cm 33.57ab 33.16bc 33.37a
40 cm 34.19a 32.54¢ 33.37a

LSD: LD*ES=0.791 Yil=0.617 ES=0.617 Y*ES=0.873 LD=0.559 CV=0.0236

Arastirmada elde edilen ADF oranlar (%) Tablo 6’da, NDF oranlar1 (%) Tablo 7’de verilmistir. Deneme
yillarinin, ekim seklinin lateral derinliklerinin, lateral derinligi*ekim sekli interaksiyonun ADF orani iizerine etkisi
%S5 Onem seviyesinde istatistiki olarak anlamli bulunmustur. En yiiksek ADF oran1 20 cm derinlige yerlestirilen
laterallerle sulanan yalin yoncadan (%28.47) elde edilirken en diisiik oran yagisa dayali karisik ekilen yoncadan
(%23.44) elde edilmistir (Tablo 6). Lateral derinligi acisindan degerlendirildiginde ise en diisiik ADF igeriginin
yagisa dayali yetistirilen parsellerden (%24.12) elde edildigi gézlenmistir. Lateral derinliginin 20 cm veya 40 cm
derinlikte olmasinin yoncanin ADF orani iizerine etkisi anlamli bulunmamistir. Ekim sekline gore karsilastirmada
yalin ekimin ADF igerigi (%26.93), karisik ekime oranla daha yiiksek (%26.33) tespit edilmistir (Tablo 6).
Yapilan varyans analizi sonucunda deneme yillarinin ve lateral derinliklerinin, NDF orani iizerine etkisi %5 dnem
seviyesinde anlamli bulunmustur. Ekim sekillerinin NDF oranlari iizerine etkisi anlamli bulunmazken en diisiik
NDF orani %32.27 ile yagisa dayali yetistirilen konulardan elde edilmistir (7ablo 7).

Arastirmada elde edilen sonuglar daha 6nce yapilan Cabot ve ark. (2017), Cinar (2012), Erbeyi (2017), Mutlu
(2019), Turan ve Seydosoglu (2020)’nun ¢aligmalarinin sonuglariyla benzerlik gostermistir. Yalin ekilen yoncada
elde edilen NDF icerigi (36.36), karisik ekimden (36.13) daha yiiksek tespit edilmistir, ancak aradaki fark istatistiki
olarak 6nemli bulunmamustir.
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Tablo 6. ADF oranlart
Table 6. ADF ratios

Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 25.60e 23.99f 24.79¢
Yalin Ekim 20 cm 29.58ab 27.37 28.47a 26.93a
40 cm 28.76abc 26.29de 27.53ab
Ortalama 27.98a 25.88b 26.93
Yagisa dayali 23.99f 22.89f 23.44d
Karisik Ekim 20 cm 28.40cd 26.56de 27.48b 26.33b
40 cm 29.85a 26.32¢ 28.08ab
Ortalama 27.41a 25.25¢ 26.33
Yillar Ort. 27.70a 25.57b 26.63
Yagisa Dayali 24.80c 23.44d 24.12b
20 cm 28.99a 26.96b 27.97a
40 cm 29.31a 26.30b 27.81a
25.60¢ 23.99f 24.79¢
LSD: LD*ES=0.009 Yil=0.006 ES=0.006 Y*ES=0.009 LD=0.006 CV=0.0348
Tablo 7. NDF oranlart
Table 7. NDF ratios
Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 33.22¢ 31.71d 32.47b
Yalin Ekim 20 ¢cm 38.73ab 37.43b 38.08a 36.36 6.d.
40 cm 39.05ab 38.01ab 38.53a
Ortalama 37.00a 35.72b 36.36
Yagisa dayali 32.63¢ 31.50d 32.07b
Karisik Ekim 20 cm 38.19ab 38.63a 38.41a 36.13 6.d.
40 cm 38.22a 37.62ab 37.92a
Ortalama 36.35a 35.92b 36.13
Yillar Ort. 36.68a 35.82b 36.25
Yagisa Dayali 32.93b 31.61c 32.27b
20 cm 38.46a 38.03a 38.25a
40 cm 38.64a 37.82a 38.23a
33.22¢ 31.71d 32.47b

LSD: LD*ES=0.008

Y1l=0.006 ES=0.006 Y*ES=0.008 LD=0.006 CV=0.0237

Arastirmada elde edilen ham kiil oranlar1 (%) Tablo 8’de verilmistir. Arastirmada ekim sekillerinin, lateral
derinliklerinin ve lateral derinligi*ekim sekli interaksiyonun ham kiil igerigi iizerine etkisi istatistiki olarak anlaml

bulunmamustir.
Tablo 8. Ham kiil oranlari
Table 8. Crude ash ratios
Ekim Sekli Lateral Derinligi 2019 2020 Ortalama EKkim Sekli Ort.
Yagisa dayali 14.61abc 14.97a 14.79
Yalin Ekim 20 cm 13.44d 14.81ab 14.12 14.41 6.d.
40 cm 13.71bcd 14.93a 14.32
Ortalama 13.92¢ 14.90a 14.41
Yagisa dayali 15.33a 13.56a 14.45
Karisik Ekim 20 cm 14.49abcd 14.85a 14.67 14.56 6.d.
40 cm 14.54abcd 14.59abc 14.56
Ortalama 14.79ab 14.34c¢ 14.56
Yillar Ort. 14.35a 14.62a 14.49
Yagisa Dayali 14.98a 14.2abc 14.62
20 cm 13.96¢ 14.83ab 14.40
40 cm 14.12bc 14.76abc 14.44

LSD: LD*ES=0.808 Yil=0.382 ES=0.382 Y*ES=0.540 LD=0.571

Yolcu (2005) yaptig1 ¢alismasinda ¢apraz, karisik ve alternatif ekim yontemleriyle ekilen bitkilerin ham kiil
oranlarmin sirasiyla %11.59, 11.47 ve 11.33 oraninda oldugunu bildirmistir. Kir ve Soya (2008) bazi yonca
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cesitlerinde yaptig1 ¢caligmada 5 farkli yonca ¢esidini incelemistir. Cesitlerin ham kiil oranlari ¢alismanin yillarina
gore sirasiyla %9.99, 10.38 ve 11.19 olarak tespit edildigini bildirmistir. Turan (2010), yaptig1 arastirmada ham
kiil oranlarmin %8.8 ile %9 arasinda oldugunu, en yiiksek ham kiil oraninin %9.1 ile denemenin ikinci y1linda elde
edildigini bildirmistir. Unalp (2014) yiiriittiigii caligmada farkli gelisme dénemlerinde yoncanin bazi kalite
parametrelerini incelemistir. Aragtirmada ham kiil oranlar ¢igeklenme baslangicinda %9.18 ile %10.95 arasinda
degismistir.

Arastirmada elde edilen ham kiil oranlar1 daha 6nce yapilan arastirmacilarin ¢alismalarinda elde edilen ham
kiil oranlarindan yiiksek gerceklesmistir. Meydana gelen farkin c¢esit, bdlge ve iklim faktdrlerinden
kaynaklanabilecegi diisiiniilmektedir. Arastirma sonucunda sulama yonteminin, lateral derinliklerinin ve ekim
seklinin yalin ve karisik ekilen yoncanin ham kiil icerigine etkisinin dnemsiz oldugu tespit edilmistir.

4. Sonug¢

Aragtirma ile bolge Tlreticisine kisitli sulanabilir tarim arazileri igerisinde mevcut kaba yem agigini
kapatabilmek adina, buharlagma kayiplarinin daha az oldugu farkli derinlikte yiizey alt1 damla sulama sisteminin
yalin ve karigim halde ekilen yonca bitkisinin verimine ve kalite parametrelerine etkisinin sunulmasi
amaglanmistir. Arastirmada tarla kapasitesinin %100’e tamamlanmasi ile sulama programi olusturulmus ve yagisa
dayal1 kosullarla karsilagtirilmasi yapilmistir. Arastirmada bundan dnce yapilan ¢alismalara ek olarak 4’lii yem
bitkisi karisimlarinda yiizey altt damla sulama sistemine yer verilmistir. Yalin ekilen yonca ile bugdaygiller
familyasina ait yem bitkileri ile karigik ekilen yonca bitkisinin verim ve kalite parametreleri analiz edilmistir. Elde
edilen verilere gore; yalin ekilen yonca parsellerinde yesil ve kuru ot verimleri, ham protein, hamseliiloz, ADF,
NDF ve ham kiil oranlar dikkate alindiginda; 40 cm toprak derinligine yerlestirilen laterallerle sulama, karigik
ekimde ise 20 cm derinligine yerlestirilen laterallerle sulama dnerilebilir. Her iki ekim seklinde de en diisiik verim
yagisa dayali konulardan alinmistir. Kirklareli kosullarinda sadece yagisa dayali olarak yetistirilse dahi yonca
tesislerinin hayatiyetini ve verimliligini devam ettirebildigi tespit edilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Parcalama MakKinelerinin Tasarimimnda Kullanilmak Uzere Farkli Budama Artiklariin
Bazi Kesme Ozelliklerinin Belirlenmesi

Determination of Some Cutting Properties of Different Pruning Wastes for Use in the Design
of Shredding Machines

F. Goksel PEKITKAN", Murad CANAKCT?, Abdullah SESSiZ?, Resat ESGICi*

Oz

Bag ve bahgelerde budama, bakim ve hasat iglemleri sonucu biiyiik miktarlarda ortaya ¢ikan budama artiklar
iireticiler i¢in sorun haline gelmektedir. Bu sorunu gidermek amaciyla budama artiklarinin parcalanarak topraga
karistirilmasi, boylece erozyonun engellenmesi, toprak organik madde igeriginin arttirilmasi, buna bagl olarak
tarimsal verimin arttirilarak daha g¢evreci ve siirdiiriilebilir ¢oziim yontemleri giderek nem kazanmaktadir.
Parcalama islemi, bu amag¢ icin gelistirilmis dal parcalama/Ggiitme makinalariyla gerceklestirilmektedir.
Dolayisiyla s6z konusu makinalarin daha etkin ve verimli bir sekilde parcalama islemini yapabilmesi igin
parcalanacak artiklarin kesme 6zelliklerinin bilinmesi dnemlidir. Bu amagla yapilan ¢alisma kapsaminda, budama
artiklarinin pargalanmasi i¢in kullanilacak bir makinanin tasariminda dikkate alinmasi gereken kesme kuvveti ve
enerji degerleri 7 farklh bitki tiirii icin (Andiz, Atesdikeni, Cali, Cam, igde, Seftali ve Zakkum), 2 farkli nem
diizeyinde ve kesme ekseninde, ¢cap degerleri de goz 6niine alinarak kesme kuvveti, gerilme, enerji ve 6zgiil enerji
tilketimine etkileri incelenmistir. Sonug olarak kesme ekseninin degistirilmesi tiim cesitlerde kesme kuvveti,
gerilme, enerji ve 0zgiil enerji tilketimi degerlerini dnemli oranda etkilemis olup, yatay eksen i¢in bulunan degerler,
dikey eksen igin bulunan degerlere gore oldukca yiiksek olmustur. Orneklere ait nem ve ¢ap durumlarindaki
degisimler ve etkileri incelenecek olursa, Cali, Cam, igde ve Seftali gesitlerine ait nem oranlari sirastyla % 34.5, %
30.1, % 28.6 ve % 35.6 oranlar arasinda diisiiriilmiis olsalar bile, bu nem oranlarinin kesme kuvveti, gerilme,
enerji ve Ozgil enerji tiiketimine istatistiksel agidan 6nemli bir etkisi olmamistir. Andiz, Atesdikeni ve Zakkum
cesitlerinde ise diger cesitlerin aksine nem durumlarinin degisimi ele alinan parametreler tizerinde 6nemli derecede
etkili olmustur. Calismada elde edilen bu sonuglardan, denemeye alinan ¢esitlerin budama artiklarinin etkin ve
verimli sekilde parcalanmasi i¢in gelistirilecek bir makinanin tasariminda yararlanilabilir.

Anahtar Kelimeler: Dal pargalama, Kesme kuvveti, Kesme ekseni, Toprak 1slahi, Enerji verimliligi
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Abstract

Pruning residues that occur in large quantities as a result of pruning, maintenance and harvesting processes in
vineyards and orchards become a problem for producers. In order to solve this problem, more environmentally
friendly and sustainable solution methods are gaining importance by shredding the pruning residues and mixing
them into the soil, thus preventing erosion, increasing the soil organic matter content, and accordingly increasing
the agricultural yield. Shredding process is carried out with branch shredding/grinding machines developed for
this purpose. Therefore, it is important to know the cutting properties of the residues to be shredded so that these
machines can work more effectively and efficiently. For this purpose, the cutting force and energy values to be
considered in the design of a machine to be used for shredding pruning residues were determined for 7 different
plant species (Juniperus Drupacea, Pyracantha Coccinea, Shrub, Pine, Oleaster, Peach and Oleander), at different
moisture levels and in the cutting axis, considering the diameter values. The effects of these variables were
researched on cutting force, strength, energy and specific energy consumption. As a result, changing the cutting
axis significantly affected the cutting force, strength, energy and specific energy consumption values in all varieties,
and the values found for the horizontal axis were quite high compared to the values found for the vertical axis.
When the changes in the moisture content and diameter of the samples and their effects were examined, although
the moisture values of Shrub, Pine, Oleaster and Peach cultivars were reduced (respectively % 34.5, % 30.1, %
28.6, % 35.6), these moisture rates did not have a statistically significant effect on the cutting force, strength,
energy and specific energy consumption. The variation of moisture content of Juniperus Drupacea, Pyracantha
Coccinea and Oleander cultivars had a significant effect on the cutting parameters. These results obtained in the
study can be used in the design of a machine to be developed for the effective and efficient shredding of the pruning
residues of the tested varieties.

Keywords: Branch shredders, Cutting force, Cutting axis, Soil remediation, Energy efficiency
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1. Giris

Diinyada ve iilkemizde bag ve bahge faaliyetleri yogun olarak yapilmaktadir. Bu faaliyetler ile birlikte budama,
bakim ve hasat islemleri sonucunda fazla miktarlarda tarimsal artik meydana gelmektedir. Tarimsal artiklarin
tiretim alanindan uzaklastirilmas: ve degerlendirilmesi biiyiik sorunlar yaratmaktadir. Bu yiizden etkili ¢6ziim
yollari ile artiklarin yarayish hale getirilebilmesi tiretimde 6nemli dlciide avantaj saglayacaktir. Bitkisel artiklar
onemli derecede organik madde kaynagi olmakla birlikte igermis olduklar1 bitki besin maddeleri yoniinden de
onemli bir potansiyele sahiptirler (Citak ve ark., 2006; Ongodren, 2021). Ayrica gevresel kaygilarin ve
stirdiiriilebilir tarim kavraminin her gegen giin 6nem kazanmasiyla birlikte, tarimsal uygulamalarin hem verimi
arttirict hem de ¢evreye daha duyarli yapilabilmesi yoniinde birgok caligma yapilmaktadir. Bu g¢alismalarin
arasinda bahge tarimindaki budama artiklarinin s6z konusu hassasiyetleri de géz oniine alarak ¢esitli sekillerde
degerlendirilmesini kapsayan ¢alismalar da vardir. Budama islemi sonucu ortaya ¢ikan bu artiklar genel olarak
bahce disinda yakilmakta, bos ve kullanilmayan alanlara birakilmakta veya makinalar ile pargalanip farkli amaclar
icin degerlendirilmektedir (Canakg1 ve ark., 2018). Budama artiklarinin yakilmasi veya bos alanlara birakilmasinin
cevreye olumsuz etkileri bulunmakta, bu nedenle s6z konusu artiklarmn hizli, etkili, cevreci ve miimkiin olabilecek
en az maliyetle degerlendirilmesi daha da 6nem kazanmaktadir. Tarimsal artiklarin degerlendirilmesi halinde,
enerji acisindan ekonomik bir girdi saglanabilecek, cevre agisindan da siirdiiriilebilir kaliteli bir ¢evrenin
saglanmasi dolayistyla kirsal gelisime de katkisi olabilecektir (Aybek ve ark., 2015). Ulkemizde de budama
artiklarinin yerinde par¢alanmasindan sonra direkt olarak topraga karistirilmasi treticiler tarafindan daha tercih
edilir bir uygulama haline gelmistir. Bu amagla par¢alama islemi i¢in genellikle giiciinii traktdriin kuyruk milinden
alan dograma makineleri, parcalanan materyalin topraga karistirilmasi ig¢in de toprak isleme makinalari
kullanilmaktadir (Canake¢1 ve ark., 2019). Ozellikle geleneksel toprak isleme uygulamalar1 sonrasi erozyona
olduk¢a duyarli hale gelen topragi koruma caligmalarinin biiyliik bir kismi da erozyonun 6nlenmesi ve bitki
artiklarmin tekrar topraga kazandirilmasiyla topragm kimyasal yapisinin korunmasi ve iyilestirilmesi, ayrica
tarimsal faaliyetler sonucu bozulan toprak fiziksel yapisinin korunmasi ve geri kazanilmasina dayanmaktadir
(Kocabiyik ve Kayisoglu, 2005; Kayisoglu ve ark., 2007). Bu uygulamadaki esas amag pargalanan artiklarin
topraga karistirilmasiyla erozyonun engellenmesi, toprak organik madde igeriginin arttirilmasi, dolayisiyla hem
tarimsal verimin arttirilmasi hem de bu artiklarin yakilarak ortadan kaldirilmasi gibi ¢evreye zararli uygulamalarin
Oniine gecerek daha gevreci bir yaklasim sergilemektir.

Budama artiklarinin parcalanmasi igin kullanilacak makinalarin daha etkin ¢alisabilmeleri ve enerjiyi daha
verimli kullanabilmeleri agisindan parcalanacak materyalin kesme &zelliklerinin bilinmesi biiyiik 6neme sahiptir.
Bitkinin kesme &zelliklerine gore tasarlanan ve imal edilen dal parcalama makinalarinin kullanimi insan is
giiciiniin azaltilmas1 ve etkin kullanilmasi agisindan faydali 6rnek olusturmaktadir. Dal parcalama makinalari ile
artiklarin pargalanmasi sonucunda ¢evrenin korunmasi, artik yonetimi ve iiretimde siirdiiriilebilirlik gibi faydalar
saglanmaktadir. Ayn1 zamanda mekanik yontemler ile zamanin etkin kullanimi sonucu arazi islerinin zamaninda
yapilmasina olanak saglamaktadir. Benzer durum, Ongodren (2021) tarafindan farkli iiziim gesitlerinin budama
artiklarinin pargalanmasinda kullanilan bir makinanin performansinin degerlendirilmesine yonelik yaptig
calismasinda da ifade edilmistir. Sessiz ve ark. (2018), bag ¢ubuklarinin kesme isleminde kullanilabilecek bir
makinanin tasariminda temel parametreler olan kesme kuvveti, kesme gerilmesi ve enerji gereksinimini
belirlemislerdir. Caligmada, 8 farkl iiziim ¢esidi igin siirgiin ¢apina ve neme bagli olarak kesme 6zelliklerinin
degisimi incelenmis ve istatistiksel degerlendirmesi yapilmistir. Elde edilen sonuglar, bitkinin kesme 6zelliklerinin
stirgiin kesit alaniyla dogrudan iliskili oldugunu gostermistir. Cesitler arasinda kesme &zellikleri bakimindan
onemli farkliliklar saptanmigtir. Calisma sonucunda, budama ve benzeri kesme islerinde bir makina tasariminda
mutlaka iiziim cesidinin kesme 6zelliklerinin dikkate alinmasi gerektigi belirtilmigtir. Ayni sekilde Pekitkan ve
ark. (2019) tarafindan yapilan benzer bir diger ¢alismada ise Sire, Okiizgdzii ve Bogazkere iiziim cesitlerinin bigak
tipi, kesme agis1 ve kesme hizina baglh olarak asmalarin siirgiin kesme 6zellikleri incelenmistir. Elde edilen
sonuglara gore, her ii¢ ¢esit icin kesme 6zellikleri, bigak tipi, kesme agis1 ve yiikleme durumuna gore degisiklikler
gdstermistir. Kesme kuvveti ve enerji gereksinimi her cesit ve bigak tipi i¢in ayr1 olmustur. Inceleme sonucunda;
genel olarak tirtikli agza sahip bigaklarda kesme kuvveti ve enerji degerinin diiz-ince agza sahip olan bigak tipine
gore daha yiiksek oldugu, bicak kesme agist arttikca kesme kuvveti ve kesme enerjisinin azaldigir ve kesme
hizlarinin artisinin kesme kuvveti, kesme gerilmesi, kesme enerjisi ve spesifik kesme enerjisini hafif bir sekilde
arttirdig belirtilmistir.
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Bu nedenle s6z konusu makinalarin tasarim asamasinda bu parametrelerin belirlenmesi gerekir (Ghahraei ve
ark., 2011; Nesvadba ve ark., 2004; Ozdemir ve ark., 2015; Sessiz ve ark., 2019; Esgici ve ark., 2019; Eligin ve
ark., 2019; Pekitkan ve ark., 2020). Uygun olmayan ekipmanlar, makine kapasitesinin azalmasina, makinenin kisa
zamanda yipranmasina, arizalara ve yakit tiiketiminin artmasina neden olur. Ayrica elde edilen veriler uygulamalar
esnasindaki motor yiik degerlerini ve yakit tiikketimlerini belirlemek i¢in de kullanilabilir (Rotz ve Muhtar, 1992).

Bu caligmanin amaci, 7 farkli bitkiye (Andiz, Atesdikeni, Cali, Cam, igde, Seftali ve Zakkum) ait budama
artiklarinin daha etkin ve verimli bir sekilde par¢alanmasi i¢in kullanilacak bir makinanin tasariminda gdz 6niine
alinmasi gereken kesme kuvveti ve enerji degerlerinin belirlenmesidir.

2. Materyal ve Metot

Denemelerde kesme ozellikleri belirlenen Andiz, Atesdikeni, Cali, Cam, igde, Seftali ve Zakkum gesitlerine ait
budama artiklart 2019 yilinda Antalya ilindeki {iretim alanlarindan temin edilmistir. Materyallerin nem kayiplarini
onlemek i¢in de 5°C’ye ayarli bir buzdolabinda 1 ay boyunca muhafaza edilmistir. Kesme testleri, budama artiklarinin
2 farkli nem diizeyinde gergeklestirilmistir. Budama artiklarinin kesme 6zelliklerini belirlemek i¢in dncelikle mevcut
durumdaki nem durumlart ASABE (2006) standartlarima gore 105°C’de 24 saat etiivde kurutma yontemi kullanilarak
tespit edilmistir. Budama artiklarina ait Olgiilen nem igerikleri Andiz gesidi i¢in %48.2, %26, Atesdikeni
icin %42.2, %25.5, Cali igin %33.4, %21.9, Cam igin %50, %34.9, igde icin %40.5, %28.9, Seftali i¢gin %41.1, %26.5,
Zakkum igin %51, %39 olmustur.

Kesme testlerinde Tarim Makinalar1 ve Teknolojileri Mithendisligi Boliimii laboratuvarinda bulunan Llyod LRX
marka 2500 N kuvvet 6l¢gme sensdriine sahip olan biyolojik malzeme test cihazi ve NEXYGEN Data Analysis yazilimi
kullanilmigtir.

Testler, budama artiklarinm 5 mm s™! hizda, diiz kenarh bigakla 4 cm’lik araliklarla yatay eksende ve kesilen bu
materyallerin yine diiz kenarli bicakla dikey eksende kesilmesi seklinde yiiriitiilmiistiir. Her ¢esit, kesme ekseni ve nem
icin kesme islemi 15 kez tekrarlanmistir. Her kesme isleminden once kesilen materyalin ¢ap degeri olgiiliip
kaydedilmistir. Cap degerleri dijital kumpas kullanilarak 6l¢iilmiis ve kesit alanindan yola ¢ikilarak kesme kuvveti ve
kesme enerjisi degerleri hesaplanmigtir. 2 farkli nem diizeyinde gergeklesen kesme islemlerinde Slgiilen gap degerleri
Andiz gesidi i¢in 11.73 — 13.53 mm, Atesdikeni i¢in 8.29 —9.72 mm, Cali igin 8.64 — 8.92 mm, Cam igin 11.27 —12.32
mm, Igde i¢in 9.86 — 9.97 mm, Seftali igin 9.45 — 10.47 mm, Zakkum igin 13.43 — 13.49 mm olmustur.

Testlerde elde edilen maksimum kesme kuvveti degerlerinden yola ¢ikilarak Esitlik (1) yardimiyla kesme gerilmesi
hesaplanmustir (Mohsenin, 1986; Sessiz ve ark., 2018):

Fmax
Gpa = 2 (Es.1)

Burada;

Gmax  : Maksimum kesme gerilmesi (MPa),

Fmax  : Maksimum kesme kuvveti (N),

A : Kesit alanim (mm?) ifade etmektedir.

Ozgiil enerji tiiketimi ise Esitlik (2) yardimiyla hesaplanmustir;

Et

Eger = — (Es.2)
Burada;
Es  : Ozgiil enerji tilkketimi (J mm?)
Et : Maksimum kesme enerjisini (J) ifade etmektedir.

Elde edilen sonuglarin istatistiki agidan karsilastirilmasi igin SPSS istatistik programi kullanilmistir. Denemeler
varyans analiz yontemi (ANOVA) kullanilarak tesadiifi parsel deneme desenine gore planlanmustir.

3. Arastirma Sonuclari ve Tartisma

Alinan 6rneklerin kesme testleri sirasindaki ortalama nem ve ¢ap durumlar1 Tablo 1°de verilmistir.
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Tablo 1. Kesme testleri yapilan drneklere ait nem ve ¢ap degerleri
Table 1. Moisture contents and diameter values of the samples

Budama Nem ve cap Degisim
artiklari degerleri 1. VK 2. VK (%)
(%) (%)
Nem (%) 48.2 5.8 26 5.1 46.2
Andiz
Cap (mm) 11.73 14.1 13.53-12.90 7.9-7.1 15.4-10
.. . Nem (%) 42.2 1.3 25.50 59 39.5
Atesdikeni
Cap (mm) 9.72 7.8 8.29 19.8 14.6
Cali Nem (%) 334 1.1 21.90 4.8 345
Cap (mm) 8.92 7.4 8.64 14.0 3.1
Cam Nem (%) 50 0.7 34.90 14.9 30.1
Cap (mm) 11.27 12.7 12.32 10.0 9.4
i5de Nem (%) 40.5 2.8 28.90 9.3 28.6
& Cap (mm) 9.97 15.7 9.86 12.6 1.1
. Nem (%) 41.1 0.3 26.50 59 35.6
Seftali
Cap (mm) 9.45 82 10.47 21.9 10.9
Nem (%) 51 1.9 39.00 1.7 23.6
Zakkum
Cap (mm) 13.49 7.4 13.43 5.8 0.5

Kesme testleri yapilan Andiz g¢esidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiikketimi,
kesme kuvveti, gerilme ve enerji degerleri Sekil 1, 2, 3 ve 4’te verilmistir.

0,12 2500

L
15

2000

o
o
=3

1000

Ozgiil Enerji Tiketimi (J mm-2)
R R
S =S
R S
Kesme Kuvveti (N)

500

0,00 0 .
11,73 mm 13,53 mm 11,73 mm 12,90 mm 11,73 mm 13,53 mm 11,73 mm 12,90 mm
%48 nem %26 nem %48 nem %26 nem %48 nem %26 nem %48 nem %26 nem
Yatay eksen Dikey eksen Yatay eksen Dikey eksen

Figure 1. Average specific energy consumption values
obtained from pruning residues of Juniperus Drupacea
variety

o
=3
S

Figure 2. Average cutting force values obtained from
pruning residues of Juniperus Drupacea variety

Sekil 2. Andiz cesidine ait budama artiklarindan elde

Sekil 1. Andiz cesidine ait budama artiklarindan elde edilen ortalama kesme kuvveti degerleri

edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 3. Average strength values obtained from  |Figure 4. Average energy values obtained from pruning
pruning residues of Juniperus Drupacea variety residues of Juniperus Drupacea variety

Sekil 3. Andiz cesidine ait budama artiklarindan elde | Sekil 4. Andiz ¢cesidine ait budama artiklarindan elde
edilen ortalama gerilme degerleri edilen ortalama enerji degerleri

Sekil 2°de goriildiigi gibi kesme testlerinde elde edilen en biilyiik kesme kuvveti degeri yatay eksende 2. nemde
(2255.47 N), dikey eksende ise yine 2. nemde (466.59 N) bulunmustur. Gerilme, enerji ve 6zgiil enerji tiiketimi
degerlerine bakildiginda en biiyiik degerler yatay eksende 2. nemde sirasiyla 15.77 MPa, 16.34 Nm, 0.114 J mm’
2 olarak bulunmustur. Dikey eksende yapilan kesme testlerinde ise gerilme degeri 2. nemde daha yiiksek
bulunurken, enerji ve 0zgiil enerji tilketimi degerleri 1. nemde daha yiiksek bulunmustur. Yapilan istatistik
analizlerde kesme ekseninin kesme kuvveti, gerilme, enerji ve 0zgiil enerji tiiketimi degerlerine etkisi dnemli
bulunurken (sirasiyla F=367.70, F= 1097.77, F= 79.57, F= 145.10), ¢ap durumunun etkisi 6nemsiz olmustur
(swrastyla F=0.18, F= 0.14, F= 0.55, F= 0.55) (p<0.05). Nem durumunun kesme kuvveti ve gerilmeye olan etkisi
onemsizken (sirastyla F= 0.85, F=3.76), enerji ve 6zgiil enerji tiikketimi degerlerine olan etkisi 6nemli bulunmustur
(swrastyla F=5.27, F= 14.96) (p<0.05).

Kesme testleri yapilan Atesdikeni gesidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiikketimi,
kesme kuvveti, gerilme ve enerji degerleri Sekil 5, 6, 7 ve 8’ de verilmistir.
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Figure 5. Average specific energy consumption Figure 6. Average cutting force values obtained from
values obtained from pruning residues of Pyracantha pruning residues of Pyracantha Coccinea variety
Coccinea variety Sekil 6. Atesdikeni cesidine ait budama
Sekil 5. Atesdikeni cesidine ait budama artiklarindan elde edilen ortalama kesme kuvveti
artiklarindan elde edilen ortalama izgiil enerji degerleri
titketimi degerleri
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Figure 7. Average strength values obtained from Figure 8. Average energy values obtained from
pruning residues of Pyracantha Coccinea variety pruning residues of Pyracantha Coccinea variety
Sekil 7. Atesdikeni cesidine ait budama Sekil 8. Atesdikeni cesidine ait budama

artiklarindan elde edilen ortalama gerilme degerleri | artiklarindan elde edilen ortalama enerji degerleri

Atesdikeni ¢esidinde yapilan kesme testlerinde elde edilen en biiylik ortalama kesme kuvveti degeri yatay
eksende, 1. nemde (1616.17 N), dikey eksende ise 2. nemde (1592.23 N) bulunmustur. Yapilan istatistik
analizlerde kesme ekseninin kesme kuvvetine etkisi 6nemli bulunurken (F=344.32), cap ve nem durumunun etkisi
o6nemsiz olmustur (sirastyla F=0.41, F=0.56) (p<0.05). Gerilme ve 6zgiil enerji tiiketimi degerlerine bakildiginda
en biiyiik degerler yatay eksende 2. nemde sirasiyla 29.39 MPa, 0.16 ] mm olarak bulunmustur. En yiiksek
ortalama enerji degeri ise yatay eksende, 1. nemde (9.30 Nm) bulunmustur. Kesme kuvveti, gerilme, 6zgiil enerji
tilketiminde en kiigiik ortalama degerler dikey eksende, 1. nemde bulunmustur (sirasiyla 228.07 N, 3.01 Mpa,
0.011 J mm?). Istatistik analizlere gére kesme ekseninin gerilme, enerji ve 6zgiil enerji tiiketimine olan etkisi
onemli olurken (sirasiyla F= 541.54, F= 161.08, F= 743.52), nem durumunun gerilme ve 6zgiil enerji tiikketimine
etkisi onemli (sirastyla F=7.27, F=4.44), enerjiye olan etkisi 6nemsiz olmustur (F=0.41). Capin ise kesme kuvveti,
gerilme, enerji ve dzgiil enerji tiiketimi {izerine etkisi 6nemsiz bulunmustur (sirastyla F=0.41, F= 0.17, F= 0.66,
F=0.26) (p<0.05).

Kesme testleri yapilan Cali ¢esidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiikketimi, kesme
kuvveti, gerilme ve enerji degerleri Sekil 9, 10, 11 ve 12’de verilmistir.

Cal1 gesidinden elde edilen en biiyiik ortalama kesme kuvveti degeri yatay eksende, 2. nemde (1438.37 N),
dikey eksende ise yine 2. nemde (232.07 N) bulunmustur. Istatistik analizler sonucu kesme ekseninin kesme
kuvvetine etkisinin 6nemli oldugu (F=533.84), cap ve nem durumunun etkisinin dnemsiz oldugu tespit edilmistir
(swrastyla F=0.34, F=1.17) (p<0.05). En biiyiik gerilme, enerji ve 6zgiil enerji tiketimi degerleri yatay eksende, 2.
nemde yapilan testlerde bulunmustur (sirasiyla 24.44 MPa, 7.33 Nm, 0,120 J mm2). Kesme kuvveti ve gerilmeye
ait en kiiciik ortalama degerler dikey eksende, 1. nemde (sirasiyla 152.18 N, 2.42 MPa), enerji ve 6zgiil enerji
tiikketimine ait en kiigiik degerleri ise dikey eksende, 2. nemde tespit edilmistir (sirasiyla 0.31 Nm, 0.006 J mm™).
Yapilan istatistik analizlere gore kesme ekseninin gerilme, enerji ve dzgiil enerji tiiketimine olan etkisi dnemli
olurken (sirasiyla F=3106.71, F= 196.55, F= 1404.48), nem durumunun ve ¢apin etkisi 6nemsiz olmustur (nem
icin sirastyla F=2.46, F=0.50, F= 1.01, ¢ap i¢in sirastyla F=0.11, F= 0.65, F= 0.22) (p<0.05).
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Figure 9. Average specific energy consumption
values obtained from pruning residues of Shrub
variety

Figure 10. Average cutting force values obtained
from pruning residues of Shrub variety

Sekil 10. Cali cesidine ait budama artiklarindan

Sekil 9. Cali cesidine ait budama artiklarindan elde elde edilen ortalama kesme kuvveti degerleri

edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 11. Average strength values obtained from Figure 12. Average energy values obtained from
pruning residues of Shrub variety pruning residues of Shrub variety
Sekil 11. Cal cesidine ait budama artiklarindan Sekil 12. Cali cesidine ait budama artiklarindan
elde edilen ortalama gerilme degerleri elde edilen ortalama enerji degerleri

Kesme testleri yapilan Cam ¢esidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiketimi, kesme
kuvveti, gerilme ve enerji degerleri Sekil 13, 14, 15 ve 16°da verilmistir.
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Figure 13. Average specific energy consumption
values obtained from pruning residues of Pine
variety

Figure 14. Average cutting force values obtained
from pruning residues of Pine variety

Sekil 14. Cam cesidine ait budama artiklarindan

Sekil 13. Cam cesidine ait budama artiklarindan elde edilen ortalama kesme kuvveti degerleri

elde edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 15. Average strength values obtained from Figure 16. Average energy values obtained from
pruning residues of Pine variety pruning residues of Pine variety
Sekil 15. Cam cesidine ait budama artiklarindan Sekil 16. Cam cesidine ait budama artiklarindan
elde edilen ortalama gerilme degerleri elde edilen ortalama enerji degerleri

Cam ¢esidinde yapilan kesme testlerinde en yiiksek kesme kuvveti yatay eksende, 2. nemde (1464.95 N), en
diisiik kesme kuvveti ise dikey eksende, 1. nemde (144.71 N) tespit edilmistir. Kesme ekseninin kesme kuvvetine
olan etkisi istatistiksel agidan 6nemli (F= 357.67), nem ve ¢ap degerlerinin etkisi ise dnemsiz bulunmustur
(sirastyla F=2.46, F= 0.409) (p<0.05). Ozgiil enerji tiikketimi ve enerji degerlerine bakildiginda en yiiksek ortalama
degerler yatay eksende, 2. nemde (sirasiyla 0.071 J mm2, 8.67 Nm), en kiigiik ortalama degerler ise dikey eksende,
2. nemde yapilan kesme testlerinde (sirasiyla 0.003 J mm2, 0.32 Nm) tespit edilmistir. Yapilan istatistik analizler
sonucunda Cam c¢esidindeki nem ve ¢ap degerlerinin gerilme, enerji ve 6zgiil enerji tiiketimi degerlerine etkisi
onemsiz bulunurken (nem i¢in sirasiyla F= 0.74, F=3.21, F= 1.59, ¢ap i¢in sirasiyla F= 0.10, F= 0.66, F= 0.23),
kesme eksenin etkisi 6nemli bulunmustur (sirasiyla F=3922.23, F= 186.37, F=1104.80) (p<0.05).

Kesme testleri yapilan igde cesidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiiketimi, kesme
kuvveti, gerilme ve enerji degerleri Sekil 17, 18, 19 ve 20’de verilmistir.
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Figure 17. Average specific energy consumption Figure 18. Average cutting force values obtained
values obtained from pruning residues of Oleaster from pruning residues of Oleaster variety
variety

Sekil 18. igde cesidine ait budama artiklarindan

Sekil 17. I3de gesidine ait budama artiklarindan elde edilen ortalama kesme kuvveti degerleri

elde edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 19. Average strength values obtained from Figure 20. Average energy values obtained from
pruning residues of Oleaster variety pruning residues of Oleaster variety
Sekil 19. igde cesidine ait budama artiklarindan Sekil 20. igde cesidine ait budama artiklarindan

elde edilen ortalama gerilme degerleri elde edilen ortalama enerji degerleri

Kesme testleri yapilan igde gesidinde tespit edilen en yiiksek kesme kuvveti, gerilme, enerji ve dzgiil enerji
tiikketimi degerleri yatay eksende, 2. nemde (sirasiyla 1382.80 N, 18.33 MPa, 7.43 Nm, 0.099 ] mm™), en diisiik
kesme kuvveti, gerilme, enerji ve 6zgiil enerji tiiketimi degerleri ise dikey eksende, 2. nemde (sirastyla 165.34 N,
2.15MPa, 0.26 Nm, 0.004 ] mm2) bulunmustur. Istatistik analizler sonucu gde ¢esidinin nem ve ¢ap durumlarinin,
kesme kuvveti, gerilme, enerji ve 6zgiil enerji tiiketim degerlerine etkisi 6nemsiz olurken (nem igin sirasiyla F=
1.24, F= 2.09, F= 0.42, F= 1.30, cap i¢in sirastyla F= 0.26, F= 0.10, F= 0.41, F= 0.20), kesme ekseninin etkisi
o6nemli olmustur (sirastyla F=401.96, F=1133.21, F=151.34, F=313.31) (p<0.05).

Kesme testleri yapilan Seftali ¢esidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiiketimi,
kesme kuvveti, gerilme ve enerji degerleri Sekil 21, 22, 23 ve 24’te verilmistir.

Seftali cesidinde yapilan kesme testleri sonucunda en yiiksek kesme kuvveti, gerilme, enerji ve 6zgiil enerji
tiikketimi degerleri yatay eksende, 2. nemde (sirasiyla 1434.43 N, 17.12 MPa, 8.65 Nm, 0.101 ] mm™), en diisiik
kesme kuvveti ve gerilme degerleri dikey eksende, 1. nemde (sirasiyla 144.05 N, 2.02 MPa), en diisiik enerji ve
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o6zgiil enerji tiiketimi degerleri ise dikey eksende, 2. nemde (sirasiyla 0.20 Nm, 0.003 J mm?) bulunmustur. Yapilan
istatistik analizler sonucunda nem ve cap degerlerinin kesme kuvveti, gerilme, enerji ve 6zgiil enerji tiiketimi
degerlerine olan etkisinin dnemsiz (nem i¢in sirasiyla F= 2.88, F= 0.94, F= 2.57, F= 0.75, ¢ap i¢in sirastyla F=
0.43, F= 0.06, F= 0.46, F= 0.08), kesme ekseninin ise s6z konusu degiskenler iizerine etkisinin énemli oldugu
tespit edilmistir (sirastyla F=322.05, F=756.28, F=273.55, F= 1403.20) (p<0.05).
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Figure 21. Average specific energy consumption Figure 22. Average cutting force values obtained
values obtained from pruning residues of Peach from pruning residues of Peach variety
variety

Sekil 22. Seftali cesidine ait budama artiklarindan
Sekil 21. Seftali cesidine ait budama artiklarindan elde edilen ortalama kesme kuvveti degerleri
elde edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 23. Average strength values obtained from Figure 24. Average energy values obtained from
pruning residues of Peach variety pruning residues of Peach variety

Gerilme (MPa)
Enerji (Nm)

Sekil 23. Seftali cesidine ait budama artiklarindan Sekil 24. Seftali cesidine ait budama artiklarindan
elde edilen ortalama gerilme degerleri elde edilen ortalama enerji degerleri

Kesme testleri yapilan Zakkum cesidine ait budama artiklarindan elde edilen ortalama 6zgiil enerji tiiketimi,
kesme kuvveti, gerilme ve enerji degerleri Sekil 25, 26, 27 ve 28’de verilmistir.
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Figure 25. Average specific energy consumption
values obtained from pruning residues of Oleander

variety

Sekil 25. Zakkum cesidine ait budama artiklarindan
elde edilen ortalama 67giil enerji tiiketimi degerleri
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Figure 27. Average strength values obtained from

pruning residues of Oleander variety

Sekil 27. Zakkum cesidine ait budama artiklarindan
elde edilen ortalama gerilme degerleri
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Figure 26. Average cutting force values obtained
from pruning residues of Oleander variety

Sekil 26. Zakkum cesidine ait budama artiklarindan

elde edilen ortalama kesme kuvveti degerleri
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Figure 28. Average energy values obtained from

pruning residues of Oleander variety

Sekil 28. Zakkum cesidine ait budama artiklarindan

elde edilen ortalama enerji degerleri

Sekil 26°da goriildiigi gibi Zakkum cesidinde gerceklestirilen kesme testlerinde elde edilen en biiyiik kesme
kuvveti, gerilme, enerji ve 6zgiil enerji tilketimi degerleri yatay eksende 2. nemde (sirastyla 1553.38 N, 10.94 MPa,
11.50 Nm, 0.081 J mm), en diisiik kesme kuvveti ve gerilme degeri ise dikey eksende, 1. nemde (sirasiyla 168.94
N, 1.17 MPa) tespit edilmistir. Enerji ve 6zgiil enerji tiikketimi acisindan ise en kiigiik degerler dikey eksende 2.
nemde (sirastyla 0.39 Nm, 0.003 J mm) bulunmustur.

Yapilan istatistik analizlerde nem durumunun kesme kuvveti iizerine etkisi nemsiz olurken (F= 3.86), gerilme,
enerji ve 0zgiil enerji tiiketimi degerleri iizerinde etkisi énemli olmustur (sirasiyla F= 4.17, F= 4.87, F= 5.38).

Kesme ekseninin ise kesme kuvveti, gerilme, enerji ve 6zgiil enerji tiiketimi degerleri lizerine etkisi 6nemliyken
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(swrastyla F=786.71, F=1093.94, F=304.49, F= 441.86), ¢apin etkisi nemsiz bulunmustur (sirastyla F=0.34, F=
0.21, F=0.50, F= 0.30) (p<0.05).

4. Sonug¢

Andiz, Atesdikeni, Cali, Cam, igde, Seftali ve Zakkum cesitlerine ait budama artiklarimin kesme testlerinden elde
edilen sonuglara gore kesme ekseninin degistirilmesi, tiim ¢esitlerde kesme kuvveti, gerilme, enerji ve 6zgiil enerji
tilketimi degerlerini 6nemli oranda etkilemis olup, yatay eksen i¢cin bulunan degerler, dikey eksen igin bulunan
degerlere gore oldukca yiiksek olmustur. Yapilan istatistiksel analizler sonucunda da kesme ekseninin etkisi biitiin
cesitlerde onemli bulunmustur. Ozellikle Andiz ¢esidine ait Srneklerin diisiik nem oraminda ve yatay eksende yapilan
kesme testlerinin bir kismi malzeme test cihazi dlgiim {ist simnir1 olan 2500 N’un da iizerine ¢iktif1 i¢in yapilamamustir.
Bu yiizden s6z konusu gesidin diisiik neminde, yatay ve dikey eksende kesme testleri yapilan rneklerin ortalama cap
degerleri birbirinden farkli olmustur.

Alinan 6rneklerin kesme testleri sirasindaki nem ve ¢ap durumlarindaki degisimler ve etkileri incelenecek olursa,
Cal1, Cam, Igde ve Seftali cesitlerine ait nem oranlari sirastyla % 34.5, % 30.1, % 28.6 ve % 35.6 diisiiriilmiis olsalar
bile bu nem oranlarmin kesme kuvveti, gerilme, enerji ve 6zgiil enerji tiiketimine istatistiksel agidan nemli bir etkisi
olmamustir. Cesitlerin iki farkli nem oranlarinda yapilan kesme testlerinde Calh ve igde cesitlerinin cap degerleri
arasinda biiyiik farklar yoktur (sirasiyla %3.1 ve %]1.1). Cam ve Seftali ¢esidinde ise nem oram diiserken, cap
degerlerinin sirastyla %9.4 ve % 10.9 oraninda artis gdstermesi de 6nemli bir fark yaratmamustir. Bulunan bu
sonuglarin materyallerin ¢esit 6zelliklerine bagli oldugu diisiiniilmektedir. Andiz, Atesdikeni ve Zakkum gesitlerinde
ise diger cesitlerin aksine nem durumlarinin degisimi ele alinan parametreler iizerinde 6nemli derecede etkili olmustur.
S6z konusu ¢esitlerden elde edilen verilerin istatistik analizi sonucunda ise ¢apin etkisi 6nemsiz bulunmustur. Bunun
sebebi olarak c¢esitlerin caplart arasi farklarm kiigiik olmasindan (min. % 0.5, maks. % 15.4) dolay1 meydana geldigi
sOylenebilir. Caligmada elde edilen biitiin bu sonuglardan, denemeye alinan ¢esitlerin budama artiklariin etkin ve
verimli sekilde pargalanmast igin gelistirilecek bir makinanin tasariminda yararlanilabilir.
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Determination of The Loss Ratio on Some Melon Varieties From The Melon Fly,
Mpyiopardalis pardalina (Bigot, 1891) (Diptera: Tephritidae)

Kavun sinegi, Myiopardalis pardalina (Bigot, 1891) (Diptera: Tephritidae)'nin Baz1 Kavun
Cesitlerindeki Zarar Oraninin Belirlenmesi
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Abstract

It is wel known that the homeland of the Melon (Cucumis melo), which is a one-year reptile body, belonging to
the Cucurbitaceae family, is Asia. Iran, Caucasus, Turkey, Afghanistan and melon species that are encountered
in the wild in Turkistan form and is believed that it was spread to the world from the regions concerned. Melon
fly, Myiopardalis pardalina (Bigot, 1891) (Diptera:Tephrtidae) is one of the most important pests in melon
grown areas in the Southeastern Anatolia Region. When the melon approximately reaches the size of a hazelnut,
the larvae hatched from the eggs that have been left by the female in the fruit shell feed on the flesh and move
towards the house of fruit seed with the tunnels they open, leading to various damages. Such damaged melons
are not preferred by consumers. Moreover, invincible losses decrease the commercial market value of melon. In
this research, data related to different methods of struggle of melon fly which has caused significant economic
losses in Southeastern Anatolia region were obtained in the nature conditions. This study was carried out in
Diyarbakir Province Cinar District Siikiirlii Village (Diyarbakir city, Turkey) in 2018-2019 under field
conditions. Four melon varieties (Balhan, Bal6zii, VT21B and the local variety Winter melon "sliced" local
genotype "VN2136") were taken into the experiment and designed with 3 replications. In order to determine the
damage rate of the melon fly, 100 fruits were checked in each melon variety parcel. Control procedures were
carried out weekly, counts were made and continued until the end of the season. Fruits with dishes were removed
from the application plots. In the experiment studies carried out to identify the number of holes in the melon
fruits, it was detected that there was no difference when considering the hole number between Balzii, Balhan,
Local (winter melon "sliced" local genotype "VN2136") and VT21 melon varieties. when the data collected from
this study were under analysis it was revealed that, the lowest number of holes was found in Domestic (Winter
melon "sliced" local genotype "VN2136") melon varieties, and the highest hole number was found in Baldzii
melon variety. In this study, the damage rates of melon fly on some melon varieties were determined.
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Oz

Cucurbitaceae familyasina bagli olan tek yillik kavunun (Cucumis melo L.) anavataninin Asya oldugu
bilinmektedir. iran, Kafkasya, Tiirkiye, Afganistan ve Tiirkistan'da vahsi dogada rastlanan kavun tiirlerinin ilgili
bolgelerden diinyaya yayildig: diisiiniilmektedir. Giineydogu Anadolu Boélgesi’nde kavun yetistirilen alanlarda
en Onemli zararlilarin baginda Kavun sinegi, Myiopardalis pardalina (Bigot, 1891) (Diptera: Tephritidae)
gelmektedir. Ayrica kavunda thrips gibi bir¢ok ¢ok Bitki Koruma sorunlar1 da meydana gelmektedir. Kavun
meyveleri findik biiyiikliigiine ulastiginda Kavun sinegi disi bireyleri tarafindan meyve kabuguna birakilan
yumurtalardan ¢ikan larvalar, meyve etiyle beslenmekte ve agtiklar tiineller iginde meyve ¢ekirdek evine dogru
ilerleyerek cesitli zararlarin ortaya ¢ikmasina neden olmaktadir. Boyle zarar goren kavunlarin tiiketiciler
tarafindan tercih edilmemesi ve yenilmemesi sonucunda kavunun ticari pazar degeri diismektedir. Bu nedenle
Giineydogu Anadolu Bdlgesi’nde onemli ekonomik zarar neden olan Kavun sinegi ile farkli miicadele
yontemlerine iliskin calismalar yapilmistir. Bu ¢alismada ise dort kavun ¢esidinde (Balhan, Balozii, VT21B ve
yerel g¢esit olan Kishk kavun “dilimli” yerel genotip “VN2136”) Kavun sinegi’nin zarar oranmi incelenmistir.
Deneme 2018-2019 yillarinda Diyarbakir ili Cimnar ilgesine bagl Siikiirli koyiinde 3 tekerriirlii olarak
kurulmustur. Kavun sinegi’nin zarar orani her bir kavun ¢esidi parselinde meyve findik biiyiikliigline ulastiginda
100 adet meyve kontrol edilerek meyvedeki delik sayis1 kaydedilerek belirlenmistir. Kontrol islemleri haftalik
yapilmig ve sayimlara mevsim sonuna kadar devam edilmistir. Her kontrolde bulasikli meyveler uygulama
parsellerinden uzaklastirilmistir. Yapilan degerlendirmede her iki yilda da Balozii, Balhan, Yerli (Kislik kavun
“dilimli” yerel genotip “VN2136”) ve VT21 kavun gesitlerindeki bulasma orani ve delik sayisi agisindan
istatistiksel olarak bir fark olmadig1 belirlenmistir. Ancak sayisal olarak en diisiik delik sayis1 Yerli (Kislik
kavun “dilimli” yerel genotip “VN2136”) kavun ¢esidinde, en yiiksek delik sayis1 ise Balozii kavun ¢esidinde
saptanmistir. Bu ¢alisma ile kavun sineginin bazi kavun cesitlerindeki zarar oranlar1 belirlenmistir.

Anahtar Kelimeler: Myiopardalis pardalina, Kavun gesitleri, Zarar orani, Diyarbakir, Tiirkiye
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1. Introduction

It is well known that the homeland of the Melon (Cucumis melo), which is a one-year reptile body, belonging
to the Cucurbitaceae family, is Asia. Iran, Caucasus, Turkey, Afghanistan and melon species that are
encountered in the wild in Turkistan form and is believed that it was spread to the world from the regions
concerned. The homeland of this plant, known as Cantaloupe melon, which is known and discerned in Europe
and America today, is Van and Diyarbakir region, and it is recognized that melon seeds spread to Italy and then
to other countries of the world (Anonim, 2011).

Turkey is ranked second in the world in melon cultivation (Anonim, 2019a). Melon production is
implemented on an area of approximately 750 thousand decares in our country, and Adana comes first as the
province where it is produced the most. In 2018, the average melon yield per decare was 2.386 kg and the melon
production was reported to be 1.753.942 tons (Anonim, 2019b). Melon is consumed in different ways (as fresh
table fruit, jam, cake, ice cream, fruit juice, yoghurt with fruit, pickles, soup, fruit salad, perfume industry, etc.)
(Aras, 2015; Kege and Kamber, 2016).

During the cultivation of melons, many plant protection problems arise. In addition, many Plant Protection
problems such as thrips occur in melon (Kaplan and Bayhan, 2017). In Turkey, Azerbaijan, Iran, Armenia,
Pakistan, Afghanistan and India (northern part) there is an important pest on the melon fruit namely:
Myiopardalis pardalina (Bigot, 1891) (Diptera: Tephritidae) and the last 10 years in Central Asia (Uzbekistan,
Kazakhstan, Turkmenistan and Tacikistan), it creates significant economic losses. Although studies on melon
flies are not sufficient in the world and have been known in the Caucasus, Middle East and West Asia for about
100 years, their economic importance has not decreased due to the fact that the producers do not know much
about this pest (Anonim, 2009).

The Tephritidae family, which is affiliated to Diptera and includes many species, is a family that has spread
over wide areas in the world. Species relate to this family generally include species that cause economic damage
in some fruit species. Since the larvae of the species belong to the Tephritidae family generally feed on the fruits
of cultivated plants or wild plants, these are called "fruit flies". In the world, 481 genera belonging to Tephritidae
family and 4.400 species belonging to this genus have been identified. In the Palearctic Region, 900 species
belonging to 137 genera adhere to this family, and in our country, a total of 167 tephritid species were
determined in studies conducted until 2020 (Gérmez and Kiitiik, 2020). Fruit flies feed on plant parts such as
fruit (pulp, seed), stem, flower, bud, root and leaf (Khalid, 2008).

Although the main host plant of Myiopardalis pardalina is melon, it is also fed in other plants of the
Cucurbitaceae family [watermelon, gherkin, cucumber and some weeds (Cucumis trigonus Roxb., Ecballium
elaterium (L.)) (Anonim, 2013).

The aim of this study is to determine the damage rates of melon fly on melon varieties. The results obtained
will form the basis of similar studies to be conducted on this subject.

2. Material and Methods
2.1. Plant production

Seeds of melon kinds were planted in viols to be used in trials in the yards at Dicle University, Faculty of
Agriculture, Department of Horticulture. Ready-made peat was placed in the trays and one seed was planted in
each tray from the seeds of the melon kinds discussed in the study. Trays were checked regularly every day.
Trays were irrigated at two-day intervals.

Soil cultivation and herbicide (Touchdown Premium, Glyphosate diammonium salt) application was
conducted on the field in Siikurlu village (Cinar-Diyarbakir) where the study was done. Thus, the land was made
fitted out for melon seedling planting. The seedlings grown in the yards environment were transported to the
land in Siikire village (Cinar-Diyarbakir, Turkey) where doctoral studies were going to be managed during the
period with 4-6 seasons and melon seedlings were planted.
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2.2. Determination of damage rateof the Melon fly in melon varieties

The experiment was administrated in Diyarbakir Province, Cinar District, Siikurlu Village in 2018-2019
under field conditions. In order to determine the damage rate of the melon fly, 100 fruits were checked in each
melon variety parcel in 2018 and 2019. Control procedures were performed weekly, counts were made and
continued until the end of the season. Fruits with dishes were removed from the application plots every sampling
date. Four melon varieties (Balhan, Balozii, VT21B and the local variety Winter melon "sliced" local genotype
"VN2136") were taken into the experiment and designed with 3 replications. The parcel size has been taken as
60 m2. Trials were conducted on a total area of 720 m2 in 180 m2 for each of the local genotype "VN2136"
melon varieties of Balhan, Balozii, VT21B and the local variety Winter melon "sliced". There is a 2 m safety
strip margin between application repetitions. It is arranged to be 2m between the rows and 1m above the rows in
the planting of the plots. In total, a trial was established on an area of 1020 m? with safety strips. During the
growing season, no insecticide spraying was applied in the experimental fields.

2.3. Determination of contamination rates of the melon fly in melon varieties in field conditions

The experiment was conducted in Diyarbakir Province, Cinar District, Siikiire Village, in field conditions in
2018-2019. In order to determine the damage rate of the melon fly, 100 fruits were checked one by one in each
melon variety parcel in 2018 and 2019. The counts in the trial area were made once a week and these counts
continued until the end of the season. Fruits with dishes have been removed from the parcels every sampling
data. Four melon varieties (Balhan, Balozii, VT21B and local genotype (winter melon "sliced" local genotype
"VN2136")) were taken into the experiment and designed with 3 replications.

2.4. Determination of number of holes in melon varieties of the melon fly under field conditions

It was carried out under field conditions in the village of Siikiire Village in Cinar district of Diyarbakir in
2018-2019. 100 fruits were checked for each melon variety parcel. The counts were made weekly and continued
until the end of the season 4 melon varieties (Balhan, Balozii, VT21B and local genotype (winter melon "sliced"
local genotype "VN2136")) were taken into the experiment and designed as 3 replications (Figure 1).

BALOZU

Figure 1. Melon species used in the trials (Balhan, Balézii, VT21 and Local (Winter melon "sliced" local
genotype "VN2136")

2.5. Evaluation of Data

All the data obtained from these studies were analyzed using the analysis of variance (ANOVA) ready-made
statistical software (SPSS IBM, SPSS Statistics 26 version). Comparison of the means was made according to
Duncan (at the level of P<0.05). Also, Excel program was used for mathematical operations.
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3. Results and Discussion

3.1. Determination of contamination rate of the melon fly in land conditions

It was discoverd that there is no difference considering the melon fly and the contamination rate between
Balozii, Balhan, Yerli (Winter melon "sliced" local genotype "VN2136") and VT21 melon kinds. The lowest
Contamination rate of 5.29% was uncovered in the VT21 melon variety. The highest contamination rate of
8.24% was dicoverd in the Bal6zii melon varieties in 2018 (Table 1).

Table 1. The ratio of melon dish fruits among some melon varieties of Myiopardalis pardalina in 2018 in
Diyarbakir province (100 fruits)

Sampling  20/07/ 27/07/ 03/08/ 10/08/ 17/08/ 24/08/ 31/08/20

dates 2018 2018 2018 2018 2018 2018 18
Melon

varieties
BALOZU 733 600 933 1000 1067 10.00 9.33 824+1.13 a
BALHAN 200 367 533 400 267 1000 1733 6.43+1.20 a

Mean = SE

LOCAL
VARIETY 3.00 5.67 8.00 8.67 9.33 533 1.33 5.90+0.99 a
VT21 1.00 3.00 4.67 4.33 4.00 8.00 12.00 5.29+1.26 a

* Different letters in the same column constitute statistically different groups (P <0.05)

The studies for 2019 were implemented using the same method (100 fruit control) conducted in 2018. Counts
were made by checking 100 fruits a week and continued until harvest.

Balozii, Balhan, Local (Winter melon "sliced" local genotype "VN2136") and VT21 melon kinds did not
differ in terms of the rate of contamination by melon fly. The local (Winter melon "sliced" local genotype
"VN2136") was determined with the lowest Contamination rate of 1.52% in the melon variety. It was determined
with the highest contamination rate of 3.14% in the melon variety VT21 (Table 2).

Table 2. The ratio of melon dish fruits among some melon varieties of Myiopardalis pardalina in the province
of Diyarbalkar in 2019 (100 fruits)

Sampling 17/08/  24/08/ 31/08/ 07/09/ 14/9/ 21/9/ 28/9/

dates 2019 2019 2019 2019 2019 2019 2019 Mean + SE
Melon
varieties
BALOZU 000 000 000 533 000 500 067 1574094
BALHAN 433 000 267 200 1.00 200 1.00 1.86£0.57 a
LOCAL
VARIELy 000 400 000 000 300 3.00 067 1.52+0.6 a
VT21 533 267 533 000 433 200 233 3.14£0.86 a

* Different letters in the same column constitute statistically different groups (P <0.05)

In the study undertaken by Mete (2006) in Karaman province, Irikirkagag, Kirkagac 637, Kirkagag 589,
Hasanbey, Sarikislik, Ananas, Dalaman and Siiperhidir melon varieties were used and the difference between the
damage rate on these varieties was statistically insignificant. Al-obaidi (2010) stated in a study he did in
Baghdad (Iraq) that Melon fly preferred Sukary kind (5.20 insects / 3 plants) among 10 types of melon.

According to the results of this study; The lowest population of Ananas melon variety was 0.63 insects / 3
plants. As a result of a study conducted by Barig and Cobanoglu (2013), it was reported that the damage rates
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caused by the melon fly in Ipsala and Kirkaga¢ melon kinds were around 20% in both kinds. The researchers
also reported that there was no statistical difference between the varieties in terms of the damage caused by the
melon fly. It is similar to the case stated by different researchers (Mete 2006; Baris 2011) and obtained from this
study.

3.2.Determination of Number of Holes in Melon Types of Melon Fly Under Field Conditions

Balozii, Balhan, Local (Winter melon "sliced" local genotype "VN2136") and VT21 melon varieties were
determined that there was no difference between melon fly and the number of holes. The local (Winter melon
"sliced" local genotype "VN2136") was determined with the lowest number of holes in the variety of 26.19. In
the Balozii melon variety, 53.19 was determined with the highest number of holes in 2018 (Table 3).

Table 3. Number of holes in melon among some melon varieties of Myiopardalis pardalina in Diyarbakir
province in 2018 (100 fruits)

Sampling 20/07/ 27/07/ 03/08/ 10/08 17/08/ 24/08/  31/08/

dates 2018 2018 2018 /2018 2018 2018 2018 Mean + SE
Melon
varieties
BALOZU 600 3167 5733 5933 6133 7267  84.00 53.19+784 a
BALHAN 200 1800 3400 21.00 800 7867 14933  44.4311.19a
LOCAL
VARIETy 833 1567 2267 2867 3467 3600 3733 26.19+6.8 a
VT21 567 1767 2933 2133 1333 6133 10933  36.86+13.48a

* Different letters in the same column constitute statistically different groups (P <0.05)

The studies for 2019 were carried out using the same method (100 fruit control) conducted in 2018. Counts
were made by checking 100 fruits a week and continued until harvest. It was stated that there was no difference
connecting to the melon fly and the number of holes between Balozii, Balhan, Yerli (winter melon "sliced" local
genotype "VN2136") and VT21 melon varieties. Local (Winter melon "sliced" local genotype "VN2136") was
determined with the lowest number of Holes in the local melon variety of 3.29. In the Bal6zii melon variety, the
highest number of Holes was determined with 17.05 (Table 4).

Table 4. Number of holes in melon among some melon varieties of Myiopardalis pardalina in Diyarbakir
province in 2019 (100 fruit)

Sampling 17/08/2 24/08/2 31/08/2 07/09/2  14/9/ 2119/  28/9/
dates Mean = SE
019 019 019 019 2019 2019 2019
Melon
varieties
BALOZU 0.00 0.00 0.00 72.00 0.00 3833 9.00 17.05+10.93 a
BALHAN 5.67 0.00 3.33 18.67 1233 000 233 6.05+3.07 a
LOCAL
. . . . . . ) 29+1.44
VARIETY 0.00 4.67 0.00 0.00 9.00 8.33 1.00 3.29 a
VT21 6.67 18.67  36.00 0.00 2667 1567  8.67 16.05+5.81 a

* Different letters in the same column constitute statistically different groups (P <0.05)

In the field studies carried out considering the number of holes in the melon fruits, it was determined that
there was no difference considering the melon fly and the hole number between Baldzii, Balhan, Yerli (winter
melon "sliced" local genotype "VN2136") and VT21 melon varieties. When the data obtained from this study
were examined, the lowest number of holes was found in Local (Winter melon "sliced" local genotype
"VN2136") melon variety, and the highest hole number was found in Bal6zii melon variety.
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In this study, according to the results obtained in 2018 and 2019, the damage rate in the local melon variety
was lower than the other melon varieties.
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Factors Affecting Mobile Phone Usage by Farmers As A Source of Agricultural
Information In Sharqia Governorate, Egypt

Tamer MANSOUR
Abstract

Mobile phones are one of the most important ICTs that contribute to farmers’ adoption of agricultural innovations
around the world, this study was conducted to identify the factors influencing mobile phone usage as a source of
agricultural information for farmers in Sharqia Governorate, Egypt. A random sample of 355 respondents was
interviewed during the period from January to April 2021. The results showed the diversity of sources that farmers
depend on to obtain agricultural information such as fertilizer and supplies dealers, experienced farmers, relatives,
and neighbors which were the main sources of agricultural information for respondents. Results indicated that only
9.9% of the respondents had a high mobile phone usage as a source of agricultural information, while 69.3% of
them had a low degree of usage. A negative statistically significant relationship was found between the total degree
of respondents' use of mobile phones as a source of agricultural information and their age at a 0.01 level of
significance. while the relationship was positive with variables such as educational level, farm size, possession of
a smartphone, and membership in social organizations. The mobile network's weak coverage in the village, lack
of knowledge about agricultural applications, lack of knowledge about mobile phone operation, and the high cost
of internet services were at the forefront of these problems facing the surveyed farmers who use mobile phones
for agricultural purposes. Therefore, this study recommends the agricultural extension to make greater efforts to
spread the use of ICT tools, including mobile phones technology among farmers.
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1. Introduction

Many rural communities in many countries, specifically in developing countries, are currently experiencing an
unprecedented revolutionary trend in agricultural development due to the development and widespread adoption
of ICT technologies based on contemporary mobile phones (Khidir, 2019). Modern information and
communication technologies (ICTs), such as mobile phones connected to the Internet, have invaded many areas
of life such as education, health, agriculture, commerce, etc. The world has witnessed the rapid development of
mobile phone-based communications until it has become the most popular means of information and
communication technology that we use in the current era. Statistics indicate that there are 4.68 billion users of this
technology on this planet, representing 62.9% of the world’s population. (STATISTA, 2019). The African
continent has witnessed a civilizational shift and unprecedented growth in information and communication
technology as a result of the huge investment in the infrastructure of this technology (World Bank Group, 2018).
The rapid spread of mobile technology offers greater opportunities to overcome spatial barriers and reach distant
and dispersed farmers and those who are not covered by agricultural extension services (Baumiiller, 2017).
Agriculture is no longer the same as it was in the past, techniques have changed, the information and needs of
farmers have changed accordingly. In this changing context, no society can increase agricultural production using
the same old techniques so the adoption of modern technologies by farmers is central to the agricultural
development process (Asif et al., 2017). No developmental work in the agricultural sector can be accomplished
without access to reliable, relevant, and timely information (Kaske et al., 2018). Information is an important factor
of production factors, perhaps no less important than land, labor, and capital. Rapid exchange of reliable
information in the agricultural sector is an essential factor in the farmer’s adoption of new agricultural innovations,
as a result of the lack of budget and inefficient infrastructure in developing countries, farmers do not have timely
access to the latest agricultural knowledge (Baloch and Thapa, 2014). So, ICT tools such as ubiquitous mobile
phones, in particular, are now an important economic resource for the dissemination of agricultural knowledge
with the potential to reach many farmers across rural environments (Santosham and Lindsey, 2015). Hence, ICTs
such as mobile phones can enable smallholders to easily access the production and marketing information they
need in a smooth and timely manner. (Zhang et al., 2016, Chikuni and Kilima, 2019)

Studies show that mobile technologies save farmers energy and time, and ultimately improve their incomes
(Mansingh & Erena, 2016). The use of ICT by farmers in marketing their products contributes to removing
intermediaries, reducing costs and quickly reaching potential customers (Bachaspati, 2018). Farmers' access to the
Internet via mobile phones may enable them to manage risks and support an appropriate response to climate change.
(Baumiiller, 2013) With the widespread availability of smartphones, many agricultural websites, pages, and apps
have been created to meet the needs of farmers' renewable knowledge and it is undoubtedly an easier and better
method compared to SMS texts. (Kaske, et al., 2018), which can be considered as one of the electronic agricultural
extension tools that seek to provide an extension service in a modern way and tries to overcome the chronic
problems of the existing agricultural extension systems. The national extension systems that rely on traditional
methods to provide their advisory services suffer from a significant shortfall in the number of agricultural extension
agents (Faostat & Production, 2016). As many extension workers are retired and due to poor budgets new extension
workers are not hired, and the current percentage of extension workers is unable to meet the information needs of
agricultural communities (Baloch and Thapa, 2014). In the Arab Republic of Egypt, for example, the number of
agricultural extension agents decreased from 25,000 in 1990 to only 1,800 in 2021 (CAAES, 2021). Therefore,
there is an urgent need to adopt new approaches to the dissemination of agricultural knowledge based on
information and communication technology, provided that it is a complement and not a substitute for traditional
agricultural extension, Mobile phones can play this role as the fastest tool for the dissemination of agricultural
knowledge among farmers.

In this regard, the number of mobile Internet users in Egypt continued to rise to 36.51 million users, and the
number of mobile phone subscribers increased from 22.9 million users in 2006 to 94 million in 2019, distributed
among 4 service providers (Figure 1)(Capmas, 2020).
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Figure 1. Number of mobile phone subscribers in Egypt 2006-2019
Source: Central Agency for Public Mobilization and Statistics (capmas.gov.eg)

Despite the availability of infrastructure and the huge number of subscribers, the Egyptian farmer, like other
farmers in developing countries, still uses many different sources of information in his search for agricultural
knowledge, but unfortunately most of these sources are old, less accurate and unreliable. Which creates knowledge
gaps that the mobile phone can help to overcome (Miller et al., 2013). The main objective of this paper is to study
the mobile phone usage degree among farmers in Sharkia Governorate, Egypt. As a source of agricultural
information and the factors affecting it. The specific objectives of this study were to:

1-
2.
3

Examine the socio-economic characteristics of the respondents.

Identify Agricultural Information sources accessed by respondents using a mobile phone.
Identify the most important types of information’s that farmers seek to obtain through the mobile
phone

Identify the most important applications that respondents use to access information and news on
agriculture

Identify the respondents’ mobile phone usage degree as a source of agricultural information.
Identify the respondents’ socioeconomic characteristics affecting their usage of the mobile phone as a
source of agricultural information.

Identify the most important constraints facing the respondents regarding their usage of the mobile
phone as a source of their agricultural information.

There are many variables that affect the degree of respondents' usage of the mobile phone as a source of
agricultural information, Some of these variables were selected based on the results of previous studies. The
conceptual framework of the study that shows the independent variables and the dependent variable is presented
in the Figure 2 below.
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Figure 2. Study conceptual framework

414



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(2)

Measurement of Variables;

The dependent variable (the overall degree of respondent's usage of the mobile phone in agricultural work):This
variable was measured by asking the respondents about their mobile phone usage in agricultural work using a
Likert scale consisting of 6 phrases that express the degree of respondents' usage of the mobile phone in agricultural
work. Where the respondent chooses one of the following responses (always-sometimes-rarely-never) to the six
scale statements. Numerical values (3-2-1-zero) were given in the case of positive statements and vice versa in the
case of negative statements. The total scores obtained by the respondent reflect the respondent's usage degree of
the mobile phone in agricultural work, whose theoretical range ranged between zero degrees to 18 degrees.

Independent Variables: The independent variables were represented in 8 variables: Age, gender, educational
status, marital status, size of agricultural holdings, farm experience, possession of a smart phone, and membership
in social organizations. The variables of age, agricultural holding size, and farm experience were measured by the
total raw number in the data analysis, as for the variables of gender, possession of a smartphone, and membership
in social organizations, the respondents were divided into two categories, male and female for gender, possessing
or not possessing the variable of possession of a smart phone, and member or non-member for the variable of
membership of social organizations. For educational level, the respondents were divided into 5 categories: illiterate,
adult education, primary, secondary, and Tertiary education. As for marital status, the respondents were divided
into 4 categories: single, married, divorced, widow.

2. Materials and Methods
2.1. Sutdy area

This study was conducted in Sharqia Governorate, as it is one of the largest governorates of the Republic in
terms of agricultural area and population. It is the second Egyptian governorate after Beheira governorate in terms
of agricultural area (880670 feedan), distributed among vegetables, fruits, and field crops, producing about 21%
of agricultural production in Egypt. It has 682.325 holders, and the governorate is considered the third Egyptian
governorate in terms of population after Cairo and Giza governorates, with a population of 8 million, and an area
of 4.911 km? distributed among 13 administrative districts and two industrial cities (Directorate of Agriculture in
Sharkia Governorate, 2020) Figure 3.

g 0 -
Rasheed Damietta ~  Port Said
A blws & )
Kafr EI-Shaikh ; e
Desouk, &l ,iS - Mansoura Bardawil Lake
Iswd y 8,90l RENIEY
0 0
Damanhour

542 Tanta
M \
G \
)Ismailia
Shebeen faudclo.ull
Elkomo Banha o=t 0
plllipws H €
El Sadat Cit |
bl 5 ElQbourCity |
)9@”-0%{ 3
Stekd o(jgilgjl Nev;l\/ governorate
Zaye‘fjfjo o CairoCity D
A el by0la) aso 3

el Mapdata©2021. slill daslas PSa s \

Figure 3: Map of Egyptian delta explained Al-Sharqiya governorate
http://www.sharkia.gov.eg/exploring_sharkia/default.aspx

2.2 Sampling and data collection

The two largest administrative centers (districts) were chosen in terms of cultivated area for 2020/2021, which
are Al-Hussainiya districts 333926 feddans, Faqous 83.778 feddans as a geographic area (Al Sharqiya Governorate
portal website, 2020). The largest village was chosen from each administrative center in terms of the number of
farm holders. The selected villages were the Samakin Al Gharb village in Al-Hussainiya, with 1620 farm holders
and the village of Didamon in Faqous, with 3010 farm holders.
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Thus, the research population reached 4.630 farmers. To determine the sample size, Krejcie & Morgan equation
was used (Krejcie and Morgan,1970) so that the study sample size was 355 respondents (Representing 7.7% of the
total landholders in the two villages) they were relatively distributed to the two selected villages. On the basis of
the relative weight of the number of holders in the selected villages, so that the number of holders was (124
respondents from Samakin al-Gharb and 231 respondents from Didamon village) were chosen randomly, as shown
in Table 1.

Table 1. Distribution of the research sample in the selected villages

District Selected villages Number of holders Sample Sample size
in each village Representation
Ratio
Al-Hussainiya Samakin al-Ghartb 1620 34.9 124
Faqous Didamon 3010 65.1 231
Totall 4630 100.00 355

Source: Sharkia Directorate of Agriculture, Agricultural Extension, unpublished data, 2020

Data were collected through a personal interview with the respondents during the period from January to April
2021, a questionnaire form was designed to serve the objectives of the research. A pretest was conducted on a
sample of (30) respondents in the village of Ekyad in order to ensure the validity of the questionnaire and the
extent of the respondents' understanding of it. The questionnaire included 6 sets of questions related to the
characteristics profile of the farmers surveyed, Agricultural Information sources accessed by respondents using a
mobile phone, agricultural purposes that respondents use mobile phones for, the applications that respondents use
to obtain their agricultural information, mobile phone usage degree, and the most important problems facing the
respondents regarding mobile phone usage as a source of agricultural information. Some statistical analysis tools
were used, such as frequencies, percentages, mean score, and Pearson Product Moment correlation coefficient.

3. Results and Discussion
3.1 Characteristics profile of the farmers surveyed

The results (Table2) showed that only 20.6% of the respondents are less than 36 years old, which indicates that
young people have left the agricultural profession. Where the results indicated that 44.2% of the respondents are
elderly people over 50 years old, which is an age group that is mostly inactive and responds less to learning. Similar
results were found by Das (2014); Mittal and Mehar, (2015) and Gbigbi, (2021). The results also indicated that the
vast majority of respondents (89.8%) are men, as agricultural work in Egypt is mostly associated with men, despite
the active participation of women in agricultural work. Similar results were found by William et al., (2021) in his
study about the using mobile phone technology for increasing Banana productivity in Uganda, which stated that
67.7% of mobile phone users in agriculture were men, which reflects men's control over agricultural work despite
the different environments and contexts. The level of education is one of the most important determinants of raising
public awareness (Madenci, 2020) The results also indicated that 59.5% of the respondents had a high school
diploma or more. However, the proportion of those who did not exceed the primary level of the respondents is still
a large percentage (40.5%), which reflects a major problem facing the modernization of the agricultural sector.
Where the world has overcome digital illiteracy, Egypt is still suffering from illiteracy at a time when farmers are
required to use ICT tools to modernize their farms. The results also indicated that 77% of farmers were married
and that divorce rates do not exceed 4% of the respondents, a result that may reflect family stability in the study
area, which must be strengthened and built upon to serve the objectives of rural development. It is worth noting
that Egypt suffers from the fragmentation of agricultural holdings, as these dwarf areas affect agricultural
production as it is difficult to use modern agricultural technology tools. The results indicate that the majority of
respondents (76.4%) have agricultural holdings of less than a feddan (feddan = 0.42 ha). These fragmented
agricultural areas also affect incomes and access to ICT as confirmed by previous studies by Senthilkumar et al.
(2013) and Ogutu et al. (2014), that farmers with large holdings have better access to modern technology.

Among the variables that this study focused on was the agricultural farming experience of the respondents,
which is positively related to farmer's attiude to use information and communication technology such as mobile
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phones to obtain agricultural information, as mentioned by Abebe and Mammo Cherinet (2018). The results
indicated that 47.6% of the respondents have experience of more than 20 years in agricultural work, which is a
long experience that is expected to be reflected in their agricultural performance and their use of ICTs. The results
also indicated that 89.6% of the respondents have a smartphone, which reflects the spread of smartphones among
farmers in Egypt, which is an opportunity that should be used by extension workers to deliver extension messages
to farmers easily and in a short time, and they must also benefit from the involvement of the majority of respondents
(75.3%) in social organizations in developing extension messages that support the formal and informal
participation of farmers in such organizations.

Table 2 socio-economic characteristics of respondents (n=355)

socio-economic variables Percentage Mean SD
Age (Years)

Young (up to 35) 20.6

Middle aged (36-50) 35.2 423 9.8
Old (above 50) 44.2

Gender

Male 89.8

Female 10.2

Educational level

Illiterate 18.9

Adult Eaducation 6.4

Primary 15.2

Secondary 35.8

Tertiary 23.7

Mrital status

Single 12.7

Married 77.2

Divorce 3.7

Widow 6.4

Household size (feedan)

<1 feddan 76.4

1-1.99 fedddan 19.0 0.86 0.6
> 2 feddan 4.6

Farming experience (Years)

<10 15.6

10-20 36.8 18.9 8.77
>20 47.6

Possession of a smartphone

Yes 89.6

No 10.4

Membership of social Organization

Yes 75.3

No 24.7

Sources: Field Survey, 2021

3.2 Agricultural Information sources accessed by respondents using a mobile phone

Studies have indicated that farmers do not rely on one source to obtain their agricultural information, but rather
rely on more than one source, which was confirmed by Alavion et al. (2016), Das (2014), and Mittal and Mehar
(2015). Fertilizer and input supplies came at the forefront of the sources from which the respondents derive their
agricultural information with 51.5%, followed by experienced farmers with 38.6% of the respondents, then
relatives and neighbors 36.1%, while agricultural extension came in fourth place as indicated by 21.4% of the
respondents (Table 3).

Similar results were reported by Khan et al. (2019) in their study about Pakistani farmers' access to agricultural
information mobile phones, where private companies and traders of agricultural supplies ranked first (87.2%),
while agricultural extension services came in the second rank with a percentage of 33.5% (Khan et al., 2019) which
indicates to the decline in the role of agricultural extension compared to the role played by traders of fertilizers
and agricultural supplies as an important source of information for agricultural respondents. Hence, the
government must work hard to restore agricultural extension to its position as a reliable source of information for
farmers.
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Table 3. Distribution of the respondents according to their agricultural information sources (n = 355)

Sources of agricultural information F % Rank
Order
Seed and supplies dealers 183 51.5 1
Experienced farmers 137 38.6 2
Relatives and neighbors 127 36.1 3
agricultural extension workers 76 214 4
expert or consultant 18 5.1 5
Researchers 12 34 6
I don't call anyone 9 2.5 7
Sources: Field Survey, 2021 * Multiple response

3.3 Respondents’ Use of Mobile Phones for Agricultural Purpose

The results presented in Figure 4 indicated that the majority of the respondents do not use mobile phones as a
source of their agricultural information However, there are some types of agricultural information that farmers use
mobile phones to obtain, such as information related to pest control and disease management which ranked first
with 42.8%, followed by the information related to agricultural recommendations on varieties, planting dates,
irrigation, plowing, etc., that came in the second rank as mentioned by 37.5% of respondents, while information
related to marketing and weather came in the last ranks, which is consistent with the study results obtained by
Ramli et al. (2019) in Selangor Province, Malaysia on the rice farmers' search for agricultural information through
the mobile phone In the forefront of this information, those related to pest control, while recommendations for
weather and marketing information came in the last ranks. These findings also agreed with that mentioned by
Alibu et al. (2016) where information on pest control ranked first, while weather information came in a lagging
position. as well, as confirmed by Osadebamwen and Ideda (2015) in their study about mobile phones technology
using by farmers in Nigeria, all these studies confirm that information on diseases and pests receives particular
importance to farmers in more than one country due to the diversity of diseases and pests and the farmers’ lack of
knowledge of many of them, and because the losses caused by diseases and pests are great, so it cannot be ignored,
so the farmers seek to search for information that facilitates them to get out of the crisis. Thus the agricultural
extension should give this information a priority when planning new extension programs.

Information Type
PEST CONTROL AND DiSEASES MANAGEMENT

AGRICULTURAL RECOMMENDATIONS (VARIETIES,
SEED RATE, PLANTING DATE, PLOWING,...

POST-HARVEST ADVICES
ANIMAL AND POULTRY PRODUCTION
MARKETING INFORMATION

WEATHER INFORMATION

0,00% 5,00% 10,00% 15,00% 20,00% 25,00% 30,00% 35,00% 40,00% 45,00%

Figure 4. Using mobile phones as a source of agricultural information n=355
Sources: Field Survey, 2021 * Multiple response

3.4 Applications that respondents use to obtain their agricultural information

The results presented in Figure 5 indicated that there are many applications that the respondents use to access
agricultural information. Regardless of the phone calls, most of these applications are of limited use. The majority
of farmers do not use these applications for many reasons, including illiteracy and not having smartphones.
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Moreover, most of these applications depend on the Internet, in light of the presence of a large percentage of
farmers who are not proficient in dealing with ICT tools or cannot afford the cost of operating most of these tools.
The respondents’ use of voice calls came first with a rate of 50.3%, perhaps because it is the easiest and fastest in
light of many limitations and problems facing other methods, followed by Facebook with 39.9%, WhatsApp 35.5%,
browsing the Internet 20.4%, SMS and e-mail came in the late rank with 6.9% and 4.8%, respectively. This is
consistent with what was mentioned by Anselme et al (2012) in their study about the determinants of rice farmers'
usage of information and communication technology in Benin, where they indicated that only 10% of the rice
farmers in Benin use SMS and only 3.2% of the respondents use e-mail applications, and this result does not differ
from what was mentioned by Jaji et al. (2017) in their study on mobile phone utility by women farmers in Lagos
State, Nigeria, they found that 15.2% of the respondents used SMS to access market information. From the above,
it is clear the weak use of mobile phones among farmers, hence the need to spread information and communication
technology tools such as mobile phones among farmers in light of the sharp erosion in the number of extension
workers in Egypt.

PHONE CALLS
FACEBOOK
WHATSAPP

INTERNET BROWSING
YOUTUBE
BLOGS
AGRICULTURAL APPS
EMAIL

SMS o

TWITTER ,20%

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00%

Figure 5. Using a smart phone, how do you access agricultural information
Sources: Field Survey, 2021 * Multiple response N=355

3.5 Mobile phone usage degree as a source of agricultural information

It is known that mobile phones are one of the most important ICTs that contribute to the adoption of
agricultural innovations by farmers around the world by providing easy paths to access agricultural information.
Results in Table 4 indicated that only 9.9% of the respondents had a high mobile phone usage as a source of
agricultural information, while the vast majority of respondents (69.3%) had a low degree of usage, This may
be due to old age of the respondents and the dwarfing of the tenure owned by them, which in turn leads to a
decrease in income and a decrease in the use of information and communication technology. Illiteracy and the
presence of a large percentage of respondents only who can read and write are among the reasons for the low
degree of use of mobile phones by farmers.

Table 4. Distribution of respondents according to their overall use of mobile phone as a source of agricultural
information (n = 355)

Characteristics Farmer’s categories F % Mean SD.
Low usage (up to 6) 246 69.3
f ile ph
Use of mobile phone 10 o te usage (7-12) 74 208 637 4.02
High usage (above 12) 35 9.9

Sources: Field Survey, 2021

These results are in line with what Asif et al. (2017) mentioned in their study on the factors affecting the
use of mobile phones by farmers in receiving information about vegetable cultivation in Bangladesh where
they emphasized that the use of mobile phones by farmers to obtain marketing information was low, as 70%
of the respondents fall into the low-use category of mobile phones and 30% in the medium-use category, and
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there is no one in the high-use category. These results necessitate the agricultural extension to make greater
efforts to spread the use of ICT tools, including mobile phones technology among farmers.

3.6 Relationship between the Respondents Selected Characteristics and Mobile phone usage degree as a
source of agricultural information

Previous studies confirm the influence of personal characteristics on the use of ICT tools among farmers
(Aldosari et al., 2019) One of the most important factors is the respondents’ age, which is a pivotal characteristic
that has an important role in the respondents’ behavior and decisions (Khan et al., 2019). Whereas, farmers'
adoption of ICTs is highly correlated with age (Sikundla et al., 2018). The results (7able 5) showed a negative,
statistically significant relationship between the total degree of respondents' usage of mobile phones as a source of
agricultural information and their age at a level of significance of 0.01. This result is consistent with what was
mentioned by Islam and Gronlund (2012); they report that young and middle-aged people use mobile phones more
than the elderly, and this may be because the elderly tend to the traditional pattern of agriculture, which many of
them do not want to change and perhaps the belief of many of them that their agricultural experience is great It
makes them not bother to look for new technologies and they don't use ICTs tools like mobile phone to search for
agricultural information. This fact is confirmed by Roy et al. (2018) in India, they found that older farmers were
more attached to traditional beliefs and did not rely on new ICTs. Similar results are supported by Asifet al. (2017).
In Bangladesh, Xiaolan and Shaheen (2012) in India, and Aldosari et al. (2019) in Saudi Arabia, where these
studies showed a negative relationship between the age of respondents and the extent of their use of mobile phones
and attributed this to increased responsibilities with age and the difficulty of spending on information technology
technologies such as mobile phone. Concerning the farm size, Studies indicated that farmers with larger farms are
more able to adopt modern technologies because they have a greater ability to bear the costs of this technology,
unlike small farmers. (Khanna et al., 2012), In contrast to small farmers, farmers’ use of ICTs tools increases with
the increase in agricultural holdings. Mittal and Mehar, (2015) mentioned that Indian farmers who own larger areas
of agricultural land have more potential to benefit from ICTs, unlike small farmers, which was confirmed by the
current study, where there was a significant relationship at the 1% level between the farm size and the respondents'
use of the mobile phone. Concerning farming experience, results (Table 5) indicated that there was no relationship
between respondents’ agricultural experience and their use of information and communication technology. This
contradicts the findings of Abdul -Aziz, et al. (2015) which confirmed the existence of a positive relationship
between respondents’ agricultural experience and the level of their use of the mobile phone as a source of
agricultural information, this can be explained by the association of experience mostly with the age of the
respondent, for which many studies have shown a negative relationship between it and the use of information and

communication technology.

Table 5. Correlation Coefficient Values Between using mobile phone degree and Studied independent

Variables
Independent variables The values of correlation RIS
coefficient
Age 0.457 - ** 0.00
Household size 0.343 ** 0.00
Farming experience (Years) 0.059 0.631

* Significant at 0.05 ** significant at 0.01

Previous studies (Kwapong, 2009; Nyamba, 2017) indicated that men and women do not show differences in
terms of ICT usage, this is in agreement with the results presented in 7able 6, which indicate that there is no
correlation relationship between the gender of the respondent and the total degree of using the mobile phone as a
source of agricultural information. This may be due to the existence of equal opportunities for male and female
respondents to access information and communication technology tools. Regarding education level: The
educational level is closely related to the farmers’ use of information and communication technology, as higher
educational levels affect the individual’s ability to use modern technology (Piccoli et al., 2001). Certainly, the
higher level of farmers education, the greater their ability to understand and use ICTs tools, which has been
confirmed by studies of (Abebe et al., 2018; Alavion et al., 2016; Mittal and Mehar, 2015). The results (Table 6)
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indicated a positive correlation between the respondent’s educational level and their use of the mobile phone to
obtain agricultural information, which comes in parallel with the study of Obong et al. (2018), which confirmed
that respondents with higher educational levels have greater agricultural knowledge and often use mobile phones
in obtaining agricultural information. The results presented in Table No. 6 indicated that there is no relationship
between respondents’ marital status and their total degree of mobile phone usage to obtain agricultural information.
This may be due to the lack of significant variation in this variable, as the vast majority of respondents are married,
and the researcher did not find any study that proves or denies the existence of such a relationship. Concerning
Possession of a smartphone: The results in Table 6 indicated that there is a positive relationship between
respondents’ possession of a smartphone and their total degree of using the mobile phone as a source of agricultural
information, and this is normal, as analog phones have become obsolete and do not enable farmers to make optimal
use of ICT tools. Membership of social organizations: The membership of social organizations makes people
more open and more willing to search for new. The results in 7able 6 indicate that there is a positive relationship
between respondents’ level of membership in social organizations and the overall degree of mobile phone use as
a source of agricultural information. These results come in line with studies of (Ogutu et al., 2014; Mittal and
Mehar, 2015; Alavion et al., 2016)

Table 6. Chi-Square values of the Nominal studied variables and the respondents job satisfaction level

Independent variables The values of Chi-Square = el
coefficient

Gender 6.246 2 0.613

Educational level 9.556 ** 8 0.025

Mrital status 8.011 6 0.531

Possession of a smartphone 6.880 ** 2 0.00

Membership of social Organization 7.390 * 2 0.02

Source: Field data 2018. y 2= Chi-square; df=degree of freedom * Significant at 0.05 ** significant at 0.01

3.7 The most important problems facing the respondents regarding mobile phone using as a source of
agricultural information:

Results in Table 7. indicated that there are many problems facing the farmers surveyed regarding their using
mobile phones for agricultural purposes.

Table 7. Constraints of using mobile phones as a source of agricultural information by the respondents (n =

355)
il
High Moderate Low
Weak Mobile network coverage in the village 157 164 34 2.34 1
Lack of knowledge regarding agricultural applications 216 30 109 2.30 2
Lack of proper knowledge regarding mobile operation 150 97 108 2.11 3
Tlliteracy 130 127 98 2.09 4
High charges on internet services 112 99 144 1.90 5
High cost of using smart phones 98 114 143 1.87 6
Lack of adequate training about internet browsing 77 63 215 1.61 7
The agricultural extension agents phone numbers are not available 35 98 202 1.58 8
Agricultural mobile apps in English 33 74 248 1.39 9
Sources: Field Survey, 2021 WMS — Weighted Mean Score

The forefront of these problems was the weak mobile network coverage in the village, the lack of knowledge
about agricultural applications, the lack of knowledge about mobile phone operation, in addition to the problem of
illiteracy The high cost of Internet services, the high cost of owning a mobile phone, the lack of training on how
to browse the internet, and the presence of some applications in English. This was confirmed by several studies. It
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is natural that the order of these problems varies according to the environment and the context of each study. While
Salau et al. (2017) saw that the poor coverage of the internet and the high cost of access to the internet were the
first of these obstacles, as they were the last obstacles in order according to Khan et al. (2019) Other studies such
as Abebe and Mammo (2018). About the use of information and communication technology for grain farmers in
Ethiopia confirmed that the most important of these problems was the weak mobile network, poor knowledge
about using mobile applications, and the high cost of mobile use, while Huda et al. (2017) indicated that the poor
training on how to browse the Internet and the weak knowledge of how to operate the phone, which were the most
important of these obstacles, other studies pointed to the risk of digital illiteracy as a barrier to mobile phone usage
(Saroj et al., 2017), while Hoang, (2020) found that the lack of mobile phone knowledge, language barriers, and
poor network coverage were the most important of these obstacles.

As we mentioned earlier, these problems are considered similar, although their arrangement and importance
differ according to the study environment. So National agricultural extension systems must strive to develop
solutions to make ICT tools accessible to simple farmers everywhere.

4. Conclusions

Access to agricultural information through mobile phones is easier and faster than traditional agricultural
extension methods, however, it cannot be considered a substitute for the majority of rural farmers in light of the
presence of many limitations such as illiteracy, mobile network's weak coverage in the village, lack of knowledge
about agricultural applications, lack of knowledge about mobile phone operation, and the high cost of Internet
services. The majority of respondents do not use mobile phones app for many reasons, including illiteracy and not
having smartphones. Moreover, most of these applications depend on the Internet, in light of the presence of a
large percentage of farmers who are not proficient in dealing with ICT tools or cannot afford the cost of operating
most of these tools. It was clear the significant decline in the role of agricultural extension compared to Fertilizer
and supplies dealers, experienced farmers, relatives, and neighbors which were the main sources of agricultural
information for respondents.

It was clear the low use of mobile phones among farmers, however, young respondents, those with large
holdings, those with higher educational qualifications, as well as those who are members of social organizations
were the most likely to use mobile phones as a source of agricultural information. Hence, the need to spread
information and communication technology tools such as mobile phones among farmers in light of the sharp
erosion in the number of extension workers. These results necessitate the agricultural extension to make greater
efforts to spread the use of ICT tools, including mobile phones technology among Egyptian farmers.
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Tirkiye'nin Trakya Bolgesindeki Tiirk Esek Populasyonlarindaki Myostatin  (MSTN)
Genindeki Varyasyonun Degerlendirilmesi
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Abstract

The study aimed to determine the MSTN gene variation in 90 donkeys reared in the Thrace region of Turkey.
Myostatin (MSTN), also named GDF-8 (growth differentiation factor 8) is a part of the transforming growth factor
B (TGF-B) superfamily and it has a negative regulator role on muscle mass, growth and development in mammalian
species. MSTN gene regulates the skeletal muscle growth in a negative way and has a significant role in
homeostasis of skeletal muscles. Also, in muscle fibers balance of protein has been promoted by Myostatin factor.
The total of 866 bp long partial intron 1 and 2, whole exon 2 regions of MSTN gene was amplified and PCR
products analysed using DNA sequencing. In this study, a novel synonymous SNP was determined as g.4183919
G>A in the second exon region of the MSTN gene which does not cause an amino acid change in the protein. The
G>A transition caused a silent mutation in leucine (leu) amino acid. Alterations in mRNA level and functionality
of protein can occur due to synonymous mutations. Since leucine is an important amino acid that can avoid muscle
mass loss and inhibits the expression of Myostatin, it can be said that silent mutation of Leu in donkeys may have
altered the muscle mass and physical factor of donkeys in this study. Mutant leucine may have a lower efficient
effect on preventing loss of muscles and causes more Myostatin protein expression. The identified SNP was firstly
released and the DNA sequences of the MSTN gene in Turkish donkeys was revealed for the first time with recent
study. Turkish donkeys lacked these mutations that were identified before in horses, which cause for the less might
require for race ability of donkeys. The sequences of MSTN gene were submitted to the NCBI GenBank with the
accession number: MW970078- MW970079. Further studies are needed to conduct, on protein and molecular
levels, SNPs on the MSTN gene and their association with the morphological characters that may affect economic
traits in donkey breeds.
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Oz

Calisma, Tiirkiye’de Trakya bolgesinde yetistirilen 90 esekte MSTN genindeki varyasyonunu belirlemeyi
amaglamistir. GDF-8 (growth differentiation factor 8) olarak da adlandirilan miyostatin (MSTN), farklilagsma
biiytime faktorii B (TGF-p) siiper ailesinin bir parcasidir ve memeli tiirlerinde kas kiitlesi, bilylime ve gelisme
iizerinde negatif diizenleyici rolii bulunmaktadir. MSTN geni, iskelet kasi1 bitylimesini olumsuz yonde diizenler ve
iskelet kaslariin homeostazinda 6nemli bir role sahiptir. Ayrica, kas liflerinde protein dengesi Myostatin faktorii
tarafindan desteklenmektedir. MSTN geninin toplam 866 b¢ uzunlugunda kismi intron 1, 2 ve ekzon 2 bolgeleri
cogaltilmis ve PCR iiriinleri DNA dizilimi kullanilarak analiz edilmistir. Bu caligmada MSTN geninin ikinci ekzon
bolgesinde proteinde amino asit degisikligine neden olmayan yeni bir sinonim SNP g.4183919 G>A belirlenmistir.
G>A degisimi, 16sin amino asidinde sessiz bir mutasyona neden olmustur. Sinonim mutasyonlar nedeniyle mRNA
diizeyinde ve proteinin islevselliginde degisiklikler meydana gelebilmektedir. Losin, kas kiitlesi kaybini
onleyebilen ve miyostatin ekspresyonunu engelleyen énemli bir amino asit oldugundan, bu ¢alismada eseklerde
Leu'nun sessiz mutasyonunun eseklerin kas kiitlesini ve fiziksel yapisini degistirebilecegi sdylenebilir. Mutant
16sin, kas kaybini 6nlemede daha diisiik bir etkiye sahip oldugundan, daha fazla Myostatin protein ekspresyonuna
neden olabilmektedir. Tiirk eseklerinde daha dnce atlarda bulunan bu mutasyonlar tespit edilememistir, bu da
eseklerin yaris kabiliyeti icin daha az gereksinime sahip olduklarini gostermektedir. Tespit edilen SNP ilk olarak
ortaya konmus ve mevcut caligma ile Tiirk eseklerinde MSTN geninin DNA dizileri ilk kez ortaya cikartilmistir.
MSTN geninin dizileri, MW970078-MW970079 erisim numarasiyla NCBI GenBank'a girilmistir. Esek irklarinda
MSTN genindeki SNP'lerin ve bunlarin ekonomik 6neme sahip morfolojik karakterlerle iliskisinin protein ve
molekiiler diizeyde belirlenmesi amaciyla daha ileri ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: MSTN, Esek, Trakya, SNP, Sekanslama
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1. Introduction

Myostatin (MSTN), also named GDF-8 (growth differentiation factor 8) is a part of the transforming growth
factor B (TGF-B) superfamily and it has a negative regulator role by increasing via glucocorticoids that caused the
overexpression of MSTN gene on muscle mass, growth and development in most of mammalian species (Grobet
et al.,, 1997; 1998; Gilson et al., 2007; Bertolini et al., 2015). Additionally, MSTN gene regulates the skeletal
muscle growth in a negative way and has a significant role in homeostasis of skeletal muscles. Besides, in muscle
fibers balance of protein has been promoted by Myostatin factor (Khaerunnis et al., 2016). Augmentation in the
muscle size and fiber number in myostatin-null mice have led to containing considerably more muscle mass in
contrast to normal mice models. Myogenic differentiation is autocrine and paracrine managed by growth factors
such as insulin-like growth factors (IGF) and MSTN. The MSTN gene is expressed in the skeletal muscle early
developmental stage and its expression continues to adult stage in skeletal muscle fibers (Khaerunnis et al., 2016).
Moreover, MSTN gene has a crucial role in the regulation of adipose tissue development (Feldman et al., 2006).
The MSTN gene located on chromosome 18, consists of three exons that coded 375 amino acids and two introns
with a total of 7957 bp long (Accession number NW_014637147: 4181432 - 4189388) in equine (O’Hara et al.,
2021). The studied MSTN gene sequences located on partially intron 1 and 2, spanning exon 2 regions in equine
MSTN gene.

There are many studies conducted effect on the insertion/deletions (indels) or variation of MSTN gene on
muscle mass and growth traits in livestock (McPherron and Lee, 1997; Grobet et al., 1997; 1998; Marcq et al.,
1998; Marshall et al., 1999; Karim et al., 2000; Tay et al., 2004; Feldman et al., 2006; Bignell et al., 2010). The
mutations or indels of MSTN have been shown to produce a double-muscling phenotype caused by muscular
hyperplasia and hypertrophy in some of livestock species, such as cattle breeds (Belgian Blue, Piedmontese)
(Grobet et al., 1997; McPherron and Lee, 1997; Kambadur et al., 1997; Miranda et al., 2002) and sheep (Texel
sheep, East Friesian sheep) (Walling et al., 2004; Johnson et al., 2005; Clop et al., 2006; Bignell et al., 2010) and
chickens (Gu et al., 2002 Furthermore, double-muscling is an autosomal recessive gene that can be inherited and
it is occurred due to abnormal growth of muscles (Khaerunnis et al., 2016). A single nucleotide variation in intron
region of the MSTN gene (g.66493737T>C) is using as a molecular marker for the breeding parameter such as race
distance ability in horses and many morphological characters in livestock (Binns et al., 2010; Tozaki et al., 2010;
2011; 2012; Hill et al., 2010a; 2010b; 2012a; 2012b; Dall'Olio et al., 2010; 2014; Stefaniuk et al., 2014; 2016;
Pereira et al., 2016; Isik et al., 2017; Tiiten sevim et al., 2017; Cieslak et al., 2018). Many studies have been carried
out MSTN gene polymorphisms in horses and its association with racing performances and body condition but in
donkeys, there were a few published articles till now (Bertolini et al, 2015; Tozaki et al., 2010; 2011; 2012; Hill
et al., 2010a; 2010b; 2012a; 2012b; Dall'Olio et al., 2010; 2014; Stefaniuk et al., 2014; 2016; Pereira et al., 2016;
Cieslak et al., 2018; Dong-hua et al., 2017). Overall, in terms of growth, development, and performance in
domesticated animals MSTN gene has a significant role. Thus, the MSTN gene is a preferable factor to take into
consideration for animal breeding, and even specifically mutated animals for the MSTN gene can be opted in
selective breeding (Dong-hua et al., 2017). The study aimed to determine the MSTN gene variation in donkeys
reared in the Thrace region of Turkey using DNA sequencing.

2. Materials and Methods
2.1. Sampling and processing

In recent study, a total of 90 donkey individuals were taken from the Thrace Region of Turkey, Tekirdag (20)
and Kirklareli (70) Provinces that is a farm which collected donkeys from varied places of Turkey as Nevsehir,
Mardin, Urfa and Igdir (Figure 1). Blood samples were collected to 5 mL of vacuum tubes, including EDTA and
preserved at —20 °C in the freezer to the DNA extraction procedure. DNA was extracted by using phenol
chloroform method (Sambrook et al., 1989). The quantity and purity of DNA samples were checked by UV-Vis
spectrophotometers (NanoDrop™ 2000/2000c, Thermo Fisher Scientific).
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sanlurfa

Figure 1. Location of sampling provinces of Turkey

2.2 PCR primers and PCR conditions

Primer sequences were designed using the donkey MSTN gene sequence in NCBI GenBank database
(Accession number NW_014637147.1) using Primer3web (version 4.1.0) algorithm (https://primer3.ut.ee/).
Primer sequences of MSTN gene are F: 5-ATGTTCCTCCACGGTGTCTC-3’, and R: 5’-
GCTGCCATTGGGGTAAGATA-3’. The PCR amplification mixture was included 40 ng genomic DNA, 1 uM
of each primer, 1x PCR Buffer (NH4)2S04), 200 uM dNTP, 2.0 mM MgCI2 and 0.1U i-Taq™ DNA polymerase
(5U/ml) (iNtRON Biotechnology Inc., US) and finalizing to a final volume of 25 pL. The PCR reaction procedure
prepares 4 min at 95°C for initial denaturation, 37 cycles of amplification; 95°C for 45 s, 60°C annealing for 60 s,
72°C for 40s and 10 min at 72°C for final extension. Then, the PCR products of MSTN gene region were run on
2.0 % agarose gel electrophoresis that stained with SafeView™ Classic (Applied Biological Material Inc. Canada).
PCR products were checked under UV light in the Gel Documentation System.

2.3 Sanger sequencing and Phylogenetic tree

The amplified 866 bp fragment of the MSTN gene containing partial intron 1 and 2, whole exon 2 regions were
sequenced directly by Applied Biosystems 3500XL Genetic Analyzer System (Applied Biosystems, USA) using
the designed primers. The MSTN gene sequences were carefully checked the chromatogram by ChromasPro
Version 2.1.8 (Technelysium Pty. Ltd. Australia). The checked sequences file including of MSTN gene region
were controlled by the MEGA7 software (version 7.0, Molecular Evolutionary Genetics Analysis) (Kumar et al.,
2016).

Evolutionary analyses were conducted and distances and groupings were defined using the MEGA 7 software
by Neighbour Joining (NJ) method (Kimura 2) (Kumar et al., 2016). The bootstrap consensus tree is inferred from
1000 replicates. This analysis involved 13 published NCBI GenBank MSTN gene nucleotide sequences as Bubalus
bubalis, Bos Taurus, Capra hircus, Ovis aries, Equus asinus, Equus caballus. The total of 851 positions have
analyzed in the final data set.

3. Results and Discussion

In the current study, we have conducted the donkey MSTN gene in that were detected in relation with muscle
mass and growth traits in cattle, sheep and goats. The studied donkey MSTN gene region has spanned between 2"
exon and partial 1%, 2" intron and it includes 866 bp and 124 amino acid residues (Figure 2).
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Figure 2. Localization of studied partially MSTN gene in donkey MSTN gene.

The variation of the MSTN gene was identified using DNA sequencing and novel single nucleotide variation
as 2.4183919 G>A determined in the second exon region of the MSTN gene (Figure 3). The G>A transition had
caused a silent mutation (CTG>CTA) in leucine (Leu) amino acid. The novel single nucleotide polymorphism
(SNP) of MSTN gene region was firstly revealed and the partial DNA fragments of the MSTN gene in donkeys
were conducted for the first time with recent study. The sequences of the MSTN gene were submitted to the NCBI

GenBank with the accession number: MW970078- MW970079.
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Figure 3. The silent mutation as g.4183919 G>A in the second exon region of the MSTN gene

The Neighbour Joining tree using the sequences of MSTN from donkeys and various species taken from NCBI
GenBank is shown in Figure 4. For the NJ tree, which was characterized using the distance matrix; the fragment
of studied MSTN gene region (Equus asinus) was clustered in the close clade with Equus caballus Pak

Thoroughbred racehorses.
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Figure 4. The phylogenic tree is estimated using the NJ method

Li et al. (2014) were identified six SNPs as g.26 T>C and g.156 T>C in promotor region, g.587A>G and
2.598C>T in the 5'-UTR, g.1485C>T and g.2115A>G in first exon region of MSTN in 15 Chinese horse breeds.
The SNPs as g.587A>G and g.598C>T in the 5'UTR region of the MSTN gene were detected by Li et al. (2014)
for the first time. Baron et al. (2012) detected ten SNPs (2275C>T; 2279A>C; 2287G>A; 2389T>A; 2405T>C;
2407T>C; 2431G>C; 2478G>C; 2524G>A; 2525A>G in AY840554) which eight of them cause amino acid
sequence change in the second exon of MSTN gene in horses. In this study, an SNP as g.4183919G>A
(NW_014637147) which is located at g.2313G>A in the horse genome (AY840554) was identified in the second
exon of the MSTN gene in Turkish donkeys.

Synonymous (silent) mutations in amino acids do not alter the amino acid coding but its sequence differs. So,
although the mutant amino acid type is identical with the wild-type it cannot be counted as exactly the same.
(Kristofich et al., 2018). It has been announced that silent (synonymous) mutations can affect several aspects at
the molecular level (Kristofich et al., 2018). As known, mRNA is a template using for protein synthesis in the cell
and thus has a vital role in translation processes. Synonymous mutation can differentiate the stability and efficient
translation of mRNA (Kristofich et al., 2018). Besides, since the mutant amino acid not identical with the wild-
type, the translation rate can differ which may lead to a change in protein functionality, protein folding, and its
pathways (Kristofich et al., 2018). As mentioned, silent mutations of G>A in leucine (Leu) amino acid were found
in this study. The investigation about the Leucine effect on Myostatin expression on skeletal muscles of Wistar
rats (Cruz et al; 2020) demonstrated and confirm the importance of Leucine. They have found leucine prevents the
loss of skeletal muscle mass and causes a decrement in the Myostatin expression, even block it in some
circumstances (Cruz et al; 2020). Since leucine alters the Myostatin expression and synonymous mutations can
affect the amino acid and lead to several alterations as mentioned above, it can be interpretable that silent mutation
in leucine in this study may affect the MSTN gene expression. Mutant leucine may have a lower efficient effect on
preventing loss of muscles and causes more Myostatin protein expression. Hence, donkeys that contain silent
mutated leucine may have had more loss of muscles, and the difference in physical factors such as containing less
muscle mass, lower tempo on physical activities can also be interpreted. These findings can be considered in the
breeding of donkeys.

Many studies were conducted on MSTN gene polymorphism and its association with racing performances and
growth traits in horses (Binns et al., 2010; Tozaki et al., 2010; 2011; 2012; Hill et al., 2010a; 2010b; 2012a; 2012b;
Dall'Olio et al., 2010; 2014; Stefaniuk et al., 2014; 2016; Pereira et al., 2016; Cieslak et al., 2018). In previous
studies, it was revealed that the SNP as g.2115A>G (g.66493737T>C) in the first exon region of the MSTN gene
were associated with racing performances in Chinese domestic horses and elite Flat races are known as Group
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(Europe and Australasia) or Stakes races (North America) (Hill et al. 2010b; Li et al. 2014). Cieslak et al. (2018)
have identified SNPs as g.66495696T>C, g.66495826T>C, and 272 bp SINE insertion in the 5’-flanking of the
MSTN gene and their associations with biometric traits. They have revealed that the association g.66495696-CC
genotypes with differences in cannon bone circumference and height at the withers (P<0.05). Hill et al. (2010a)
have detected an SNP as g.2115A>G (g.66493737T>C) is strongly related with best race distance in Thoroughbred
horses. They have identified that the horses with CC genotype are fast; besides TT genotype horses have a great
stamina condition. Tozaki et al. (2011) have investigated that the relations of four SNPs as g.65809482T>C,
2.65868604G>T, g.66493737C>T, and g.66539967A>G with body composition traits (mass to height ratio) in
Thoroughbred racehorses. Similar with Hill et al. (2010a), Tozaki et al. (2011) have revealed that g.66493737-CC
genotype animals had advantage for short-distance racing while CT genotype animals had high body
weight/withers height. Hill et al. (2010b) confirmed that the SNP (g.66493737C>T) in MSTN gene was a useful
predictor of racing distance and speed indices for Thoroughbred racehorses using the EquineSNP50 Bead Chip
(Hill et al., 2012a). Binns et al. (2010) investigated the effect of MSTN gene variations to athletic ability and racing
distance parameters in the Thoroughbred horse. They found that among 54 600 SNPs, only two SNPs as BIEC2-
417274 and BIEC2-417495 in MSTN gene had genome-wide significance using Equine SNP50 bead chip
(Illumina).

Dong-hua et al. (2017) have found four SNPs (g.229T>C, g.872A>G, g.2014G>A, and g.2395C>G) in 13
Chinese donkey breeds. They detected an SNP as g.229T>C in the promotor region, one SNP (g.872A>Q) in the
first exon and two SNP (g.2014G>A, g.2395C>G) in the first intron region of MSTN gene. In this study, an SNP
(24183919 G>A) was found in the second exon of the MSTN gene in Turkish donkeys that Dong-hua et al. (2017)
have not identified before in Chinese donkeys. Some researchers conducted that silent mutations might change the
secondary structure of proteins (Ramamurthi and Schneewind, 2005).

4. Conclusions

Novel single gene variation of g.4183919 G>A in the 2nd exon region and a synonymous mutation G>A
(CTG>CTA) in leucine amino acid in the MSTN gene were found in this study. Alterations in mRNA level and
functionality of protein can occur due to synonymous mutations. Since leucine is an important amino acid that can
avoid muscle mass loss and inhibits the expression of myostatin, it can be said that silent mutation of Leu in
donkeys may have altered the muscle mass and physical factor of donkeys in this study. Thus, further studies on
protein and molecular levels are needed. Many studies were conducted to investigate the effect of the MSTN gene
on the race performance of horses. Turkish donkeys lacked these mutations that were identified before in horses,
which cause for the less might require for race ability of donkeys. To explore the potential effect of this SNP of
the donkey MSTN gene, further studies on protein and molecular levels are needed.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Fotovoltaik Panellerde Giic Tahminlenmesi icin Yapay Zeka Yontemlerinin Kullanilmasi

Using Artificial Intelligence Methods for Power Estimation in Photovoltaic Panels

Dinger AKAL', iTlhan UMUT*

Oz

Fosil kaynaklarmn sinirli rezervleri, fiyatlarindaki dalgalanmalar ve ¢evreye verdikleri zarar, {ilkeleri birincil enerji
kaynaklarina alternatif arayislarina yoneltmistir. Sinirsiz ve ¢evre dostu bir kaynak olan giines enerjisi, diger enerji
kaynaklara gore giiclii bir alternatiftir. Avrupa Birligi {ilkelerinin biiyiik cogunlugu giines enerjisinden elektrik
iretiminde tiiketicilere bircok tesvik mekanizmasi ile g¢esitli firsatlar sunmakta ve yaygin olarak kullanilmasini
saglamaktadir. Diinyanin pek ¢ok yerinde; giines, riizgar, hidrojen ve jeotermal gibi yenilenebilir enerji
kaynaklarina olan ilgi de artmaktadir. Tiim bunlarin yaninda, alternatif enerji kaynaklarinin kullanilmasi ve enerji
eldesinin daha verimli hale getirilmesi i¢in arastirmalar devam etmektedir. Giines enerjisinden elektrik eldesi igin
gerekli olan 151n1m degeri, giin icindeki hava durumuna ve mevsim 6zelliklerine gore degismektedir. Giines enerjisi
santrallerinin kuruldugu bolgedeki iklim kosullari, fotovoltaik panellerden elde edilecek cikis giiciinii ve enerji
maliyetini dogrudan etkiler. Cevresel sartlara gore fotovoltaik panellerden iiretilen ¢ikis giiciiniin tahminlenmesi,
giines enerji sistemlerinin kurulumunda sirketlere rehberlik etmesi, maksimum enerji eldesi, enerjinin yonetimi ve
sistemin verimli ¢alistirilabilmesi igin bilylik 6nem arz etmektedir. Bu ¢alismada, kurulumu yapilan fotovoltaik
panellerden elde edilen veriler (Sicaklik, Nem, Basing, Isinim) kullanilarak gii¢ degerlerinin tahminlenmesi i¢in
ileri beslemeli geriye yayilimli yapay sinir aglart ve KNN (K-Nearest Neighbors) yontemleri kullanilmistir.
Boylece gercek saha sartlarinda elde edilen panel degerleri her iki yontemle de egitilerek sonuglar
karsilagtirilmistir. Sonug olarak panelin gii¢ degerleri en yiiksek %98.7945 dogrulukla gelistirilen yapay sinir agi
modeli kullanilarak siniflandirilmistir. Bu ¢alisma kapsaminda gelistirilen giines enerjisi tahmini i¢in kullanilan
makine 6grenmesi modellerinin yiiksek performansa sahip oldugu ve gercek degerlere cok yakin sonuglar
iiretebildigi gortilmiistiir. Ayrica belirlenen yiik talebine gore farkli 6zelliklere sahip lokasyonlarda gelistirilen her
iki yapay zeka modelinin de kullanilabilecegi sonucuna varilmustir.
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Abstract

The limited reserves of fossil resources, the fluctuations in their prices and the damage they cause to the
environment have led countries to seek alternatives to primary energy resources. Solar energy, which is an
unlimited and environmentally friendly resource, is a powerful alternative to other energy sources. The majority
of the European Union countries offer various opportunities to consumers in electricity generation from solar
energy with many incentive mechanisms and ensure their widespread use. In many parts of the world, interest in
renewable energy sources such as solar, wind, hydrogen and geothermal is also growing. In addition to all these,
researches are continuing to use alternative energy sources and to make energy production more efficient. The
radiation value required to obtain electricity from solar energy varies according to the weather conditions during
the day and seasonal characteristics. The climatic conditions in the area where solar power plants are installed
directly affect the output power and energy cost to be obtained from photovoltaic panels. Estimating the output
power produced from photovoltaic panels according to environmental conditions, guiding companies in the
installation of solar energy systems, obtaining maximum energy, energy management and efficient operation of
the system are of great importance. In this study, feedforward back propagation artificial neural networks and
KNN (K-Nearest Neighbors) methods were used to estimate power values using the data (Temperature, Humidity,
Pressure, Radiation) obtained from the installed photovoltaic panels. Thus, the panel values obtained under real
field conditions were trained with both methods and the results were compared. As a result, the power values of
the panel were classified using the artificial neural network model developed with the highest accuracy of
98.7945%. It has been seen that the machine learning models used for solar energy estimation developed within
the scope of this study have high performance and can produce results very close to the real values. In addition, it
was concluded that both artificial intelligence models developed in locations with different characteristics
according to the determined load demand can be used.

Keywords: Photovoltaic panel, Artificial intelligence , Efficiency, Energy, Power
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1. Giris

Fotovoltaik panellerden elde edilecek elektrik enerjisinde maksimum verimlilik; cografi konum, ¢evresel iklim
verileri ve kurulum ozelliklerine bagli olarak degismektedir. Bu nedenle panel kurulumlarinda giivenli ve
ekonomik olarak gii¢ ¢ikis degerlerinin kestirilmesi ve etkili olan parametrelerin belirlenmesi gibi bir siireg ortaya
cikmaktadir. Kullanimi giderek yayginlasan fotovoltaik panellerin degisken ¢evre sartlarina gore iirettigi giiciin
tahmini ve panel ¢ikis giiciine etki eden faktorlerin etkisinin arastirilmasi her gecen giin 6nem kazanmaktadir. Bu
konudaki yapilan akademik ¢aligmalar incelendiginde;

Literatiirde, fotovoltaik panel verimliligi ve ¢ikis giiciiniin pek ¢ok faktdre gore degisim gostermesinden dolayi,
giines enerji sistemlerinde farkli modelleme ¢aligmalar1 yapilmaktadir. Yapay sinir aglarini (YSA) kullanan bir
giines enerji sisteminde fotovoltaik modiilii modellemek i¢in iki sinir ag1 yapisi, yani genel regresyon sinir agi
(GRNN) ileri beslemeli geri yayilim (FFBP) kullanilmislardir. Panel ¢ikis giicii ve iiretilen giiciin yaklagik
degerleri maksimum sicaklik, minimum sicaklik, ortalama sicaklik ve 151nim; degerlerine gére modellenmistir.
Modellemede FFBP, GRNN ile karsilastirildiginda daha iyi bir performans elde edilmistir (Saberian ve ark., 2014).

Fotovoltaik (PV) enerji santralleri igin gii¢ tahmini, fotovoltaik giiciiniin sabit olmayan 6zellikleri nedeniyle
dogrusal veya zaman serisi modellerine dayali geleneksel gii¢c tahmin yontemleri yerine dalgacik ayristirma (WD)
ve yapay sinir sisteminin avantajlarini birlestiren bir yontem sunulmustur. YSA'nin dogrusal olmayan iliskileri ele
alma yetenegi ile teorik giines 1s1mas1 ve meteorolojik degiskenler, WD ve YSA tabanli hibrit modelin girdisi
olarak secilmistir. Yapilan calismada WD ve YSA temelinde PV enerji santrallerinin gii¢ ¢ikigini tahmin etmek
icin bir yontem ortaya koyulmustur. Bir PV'nin gii¢ ¢ikisi serisinin periyodik ve duragan olmayan o6zellikleri
nedeniyle santralde, PV ¢ikisinin ¢ok Olgekli ayristirmasini gerceklestirmek icin dalgacik analizi yontemi
benimsenmistir. YSA araciligiyla farkli sinyal katmanlarindaki tahmin modelleri olusturularak fotovoltaik
santralinin tahmin sonuglari elde edilmistir (Zhu ve ark., 2016).

Farkli bir iilkede yapilan arastirmada (Adrar ¢6liinde) sebekeye bagh bir fotovoltaik istasyonun performansi
tizerinde meteorolojik degiskenlerin 6nemli bir etkisi oldugu ifade edilmistir. Buradaki meteorolojik degiskenleri
kullanarak gii¢ liretimini tahmin etmek i¢in bilesenlerin analizi gelistirilmistir. Tahmin modelleri, hesaplama siiresi,
dogruluk ve cesitli istatistiksel gostergeler degerlendirilmistir. Performans degerlendirmesi ve iiretim tahmini
acisindan dzellikle 151n1m ve hava sicakligiin 6nemli etkisi oldugu ifade edilmistir (Ziane ve ark., 2021).

Taiwanda yapilan bir ¢alismada fotovoltaik panelin yiizey sicakliginin tahminini i¢in yeni bir YSA modeli
onerilmistir. Onerilen YSA modeli egitiminde, dis sicaklik, giines radyasyonu ve riizgar hizi giris degeri
kullanilmustir. Giris katmanindaki degiskenlere bagli olarak fotovoltaik panelin yiizey sicakligi ¢ikti olarak
modellenmistir. Bu ¢alismada ii¢ farkl tip algoritma kullanmis ve sonuglar karsilastirilmistir. En iyi tahmini
Leveberg-Marquardt (LM) algoritmasinin verdigi tespit edilmistir. YSA’nin yiizey sicakligi tahmininde,
konvansiyonel bagint1 metotlarindan daha iyi sonug verdigi gozlemlenmistir (Coskun ve ark., 2016).

Almanyadaki bir caligmada, fotovoltaik bir sistemden elde edilen gii¢ tahmini i¢in radyasyonun etkisi
aragtirllmistir. Avrupa Orta Vadeli Hava Durumu Tahminleri Merkezi (ECMWF) tarafindan 6ngoriilen ii¢ giin
Oncesine dayanan tahminlere dayali olarak bolgesel fotovoltaik panellerin enerji gii¢ tahminine yonelik Almanya
da bolgesel olarak veya Almanya’nin tamami icin RMSE degeri hesaplanmistir. Tahmin dogrulugunun artmasi,

esas olarak fotovoltaik sistemlerin bulundugu bolgenin bilyiikligiine bagl olarak degistigi gézlemlenmistir
(Lorenz ve ark., 2009).

Gergek bir santral iizerinde yapilan c¢alismada, fotovoltaik santraldeki enerji tahmini i¢in yapay bir sinir agi
Onerilmis ve giris veri setlerine gore hassasiyet, yontemin dogrulugu, egitim veri setlerinin ve hata tanimlarinin
bir fonksiyonu olarak incelenmistir. Santral iizerindeki deneysel faaliyetlere dayanan bu analizde 48 saat ileri hava
tahminine dayal1 olarak, ertesi giiniin tiim giin 15181 saatleri i¢in saatlik enerji tahminini ele alinmistir. Bu durum,
akilli sebeke uygulamasmin talep ettigi Ongoriicii 6zellikler nedeniyle yenilenebilir enerji kaynaklarmin
planlanmasi, 6zellikle depolama sistemi boyutlandirmasi ve 24 saat 6ncesinden fotovoltaik ¢ikis giiciiniin YSA
tahminlerinin analizi i¢in 6nemli oldugu ifade edilmektedir (Leva ve ark., 2017).

Farkli bir ¢aligmada, bir fotovoltaik paneldeki modiillerin ana karakteristikleri olarak, nem orani, voltaj, akim,
gii¢ degerlerinin verimlilik iizerindeki etkileri aragtirilmigtir. Ortam sicaklig ve bagil nem ile riizgar hizi ve 151mm
da dahil olmak iizere etkili parametrelere dayali olarak voltaj ve akimi tahmin etmek i¢in modeller gelistirilmistir.
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Ayni kapasitede ve ayni boyutlarda mono ve polikristal glines modiilleri karsilastirilmistir. Genel olarak,
polikristal, mono kristal tipe gore bagil neme daha duyarli oldugu gozlemlenmistir. Ayrica giines modiiliiniin
tizerindeki nem artig1, iklim sartlarina bagl olarak; voltaj, akim, gii¢ ve verimlilik degerlerinde azalma oldugu
gozlemlenmistir (Sohani ve ark., 2020).

Akdeniz bolgesindeki meteoroloji istasyonundan aliman 1993 ile 2010 yillar1 arasindaki iklim verileri
kullanilarak yatay yiizeye gelen aylik ortalama giines 1s1mim siddetini MJ m? cinsinden tahmin etmek i¢in yapay
sinir ag1 modeli olusturulmustur. Boélgedeki 7 farkli iklim verisi (ortalama hava sicakligi, minimum toprak iistii
sicakligl, toprak sicakligi, bagil nem, bulutluluk, hava basinci, giineslenme siiresi) alinmis ¢ikt1 parametresi olarak
aylik ortalama giines 1smim tahminini elde edilmistir. Istatistik yontemler kullanilarak olusturulan YSA
modelinden elde edilen degerler ile cevre verileri karsilastirildiginda olduk¢a uyumlu sonuglar elde edilmistir.
Gelistirilen bu YSA modeli ile farkli yerlesim yerlerindeki tahminlemede kullanilabilecegi ifade edilmektedir
(Sahan ve Okur, 2021). Farkli bir ¢alismada ise Horasan istasyonundaki meteorolojik eksik sicaklik verilerini
tamamlamak amaci ile YSA modellemesi yapilmistir. Benzer iklim 6zelliklerine sahip komsu istasyonlarin aylik
ortalama sicaklik degerlerinden data seti olusturularak Horasan istasyonundaki aylik ortalama sicaklik degerleri
¢ikig1 hesaplanmustir. Cesitli istatistiksel datalar karsilastirilarak eksik sicaklik verilerinin tahmin edilmesi i¢in en
iyi ag mimarisi ve YSA modeli olusturulmustur (Katipoglu ve Acar, 2021).

Giines 1s1im siddeti tahmini i¢in Karadeniz bdlgesinde yapilan bir ¢alismada; Zonguldak iline ait 1995 ile
2004 yillart arasindaki (10 yillik ortalama degerler) giines 1sinimi, hava sicaklig, riizgar hizi deklinasyon agisi,
toprak sicaklig, , nem miktari, gibi iklim verileri alinarak YSA modeli ve regresyon analiz yéntemi uygulanmustir.
Yapilan analizlerin sonunda 6lgiilen degerler ile tahmin edilen degerler arasindaki hatalar karsilastirildiginda
regrasyon analiz yontemindeki hata payinin % 1.28, YSA modellemesinde ise % 3.25 oldugu tespit edilmistir
(Deniz ve Kemal, 2007).

Afyon Kocatepe Universitesi yerleskesine kurulmus olan giines enerjisi sisteminden iiretilecek giiciin tahmin
edilebilmesi i¢cin YSA modeli gelistirilmistir. Glines enerji sistemi iizerinden toplanan veriler kullanilarak ¢ok
boyutlu dogrusal tahmin filtreleri (MDLPF) modellemesi olusturulmustur. Uretilen degerler ile elde edilen
sonuglar karsilastirildiginda MDLP filtrelerin gii¢ sistemleri igin basarili bir sonu¢ verdigi gézlemlenmistir
(Akarslan ve Hocaoglu, 2018).

Yapuilan farkli bir caligmada, giines radyasyonu ve giineslenme siirelerini tahmin etmek i¢in giineydogu anadolu
bolgesine ait bes ilin meteoroloji genel miidiirliigiinden alman datalar1 kullanilarak Ustel Agirhk Hareketli
Ortalama (UAHO) modeli ve Ustel Agirlik Hareketli Ortalama bazli Gaussian Dagilim (UAHOG) modelleri ile
tahminleme caligmasi yapilmistir. Analiz sonuglarina gére UAHO yontemi, UAHOG ydntemine gére daha iyi
sonuglar vermis olsa da tahmin sonuglarina gore her iki modelin kabul edilebilir oldugu ifade edilmektedir (Kilig
ve ark., 2016).

Farkli bir calismada ise alt1 farkli agida kurulum yapilan fotovoltaik panellerden elde edilen gii¢ degerlerinin
tahmin edilmesi i¢in pargacik siirii optimizasyonu (PSO), geri yayilimli (GY)yapay sinir ag1 modeli ve klonal
secim algoritmast (KSA) modelleri olusturulmustur. Gelistirilen ii¢ farkli ag modeli i¢in dogrulama sonuglarina
gore tahminleme de neredeyse tiim aylar igin pargacik siirii optimizasyonu (PSO)modelinin diger algoritmalara
gore daha basarili sonuglar verdigi goriilmiistiir (Dandil ve Giirgen, 2019). Harran Universitesi, GAPYENEV
merkezindeki meteorolojik istasyonundan alman verilerdeki kayip giines 1simim degerlerinin farkli veri
madenciligi yontemleriyle tahmin edilmesi hedeflenmistir. Onerilen Yapay Sinir Ag1 modelleri ve diger veri
madenciligi teknikleri ile elde edilen sonuglar karsilastirildiginda eksik degerlerin tahmin edilmesinde en yiiksek
basarty1 ‘En Yakin Komsu Yontemi’ nin sagladigi gériilmiistiir (Sagaltic1 ve ark., 2018).

Fotovoltaik panellerden elde edilen gii¢, meteorolojik degiskenlerle giiglii bir korelasyona sahiptir. Ozellikle
giines 151n1mi, riizgar hiz1 ve ortam sicakligi panel cikis giiclinii etkileyen dnemli faktorlerdir. Bir¢cok arastirma
makalesi yaymlanmig olmasina ragmen bu degiskenleri tahmin etmek i¢in zaman ve mekansal parametreler ok
fazla dikkate alinmamaktadir. Bu nedenle daha yeni bir calisma da, Makine Ogreniminde kullanilan farkl
modellemeler olusturularak 10 dakika sonrasindaki giines 1sinim degerinin tahmin edilmesi amaglanmistir.
Onerilen model ile elde edilen 151n1m degerinin gergek ve tahmin edilen arasindaki farkin %d4'ten diisiik oldugu
tespit edilmistir (Rodriguez ve ark., 2021).
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Tiim bu ¢aligmalarin neticesinde tarim ve hayvancilik sektdriinde gilines enerjisi kullanimi arttirilarak hem girdi
maliyetleri hem de CO2 emisyonlar1 azaltilabilecegi ifade edilmektedir (Delice ve Yaslioglu 2021).

Literatiirdeki yapilan arastirmalardan farkli olarak; bu ¢alismada Edirne ili ¢evre sartlarinda kurulan giines
enerji sisteminden elde edilen veriler YSA ve KNN algoritmalar ile egitilerek, sonuglarin karsilastiriimasi
hedeflenmistir. Trakya Universitesi Miihendislik Fakiiltesinde kurmus oldugumuz fotovoltaik panel sisteminden
elde edilen enerji miktarinin belirlenmesinde daha yakin sonuglar veren tahmin modeli gelistirilmis olacaktir.
Boylece gelistirilen bu yapay zeka modeli kullanilarak farkli blgelerde proje dncesinde panel gii¢ ¢ikisi degerleri
tahmin edilebilecektir.

2. Materyal ve Metot

Bu ¢aligmada fotovoltaik hiicre verimliligiyle ilgili ileri beslemeli, ¢ok katmanl bir yapay sinir ag1 uygulamasi
yapilmistir. Uygulama yapay zeka algoritmalari igin tasarlanmis olan WEKA yazilim araci ile yapilmistir.

2.1. Veri Seti

Giines enerjisinden elektrik doniisiimiinde kullanilan fotovoltaik panelin gii¢ ¢ikisin1 6lgmek ve YSA ile
tahminleme yapmak icin Trakya Universitesi Miihendislik Fakiiltesinin igerisinde caligmaya 6zel bir deney
diizenegi kurulmustur. Paneller giiney yoniinde 30°’lik a¢1 ile Sekil 1°de goriildligii gibi yerlestirilmistir. Tablo
I’de panellerin teknik 6zellikleri verilmistir.

Figure 1. Photovoltaic System Installation
Sekil 1. Fotovoltaik Sistem Kurulumu

Tablo 1. Fotovoltaik Panel Ozellikleri
Table 1. Photovoltaic Panel Features

Parametre Standart Sapma
Maximum Gii¢ (Pmax) 260W
Gii¢ Tolerans1 0~+3%
Maximum Gerilim (Vmp) 31.1V
Maksimum Akim (Imp) 8.37A
Acik Devre Gerilimi (Voc) 38.1V
Kisa Devre Akimi (Isc) 8.98A
Nominal Calisma Panel Sicakligi (NOCT) 45+ 2°C
Maximum Sistem Voltaj1 1000VDC
Maximum Sigorta Degeri 15A
Calisma Sicakligi -40°C ~ +85°C
Uygulama Simifi A
Agirlik 18.5(kg)
Boyut 1650x992x40(mm)
Panel Tipi Jinko JKM260P-60

Deney diizeneginde kullanilan panelden elde edilen elektrik enerjisi degerleri diizenli olarak veri kaydedici ile
hafiza kartina aktarilmaktadir. Giines paneli gii¢ ¢ikisindaki akim ve gerilim degerleri sabah saat 07:00 den baslayarak
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aksam saat 19:00 kadar her 10 dakikada bir es zamanli olarak dort meteorolojik deger; 151nim, ortam hava sicakligi,
bagil nem, hava basinci, 30 giin boyunca kaydedilmistir. Ayn1 deney sartlarinda veri alma ve hafiza kartina kaydetme
islemi sonraki 30 giin de devam edilmistir. Veri setindeki veri miktar1 5060 adettir. Giris verilerinin ¢ikis sinifina gore
dengeli dagilimi ve grafikleri Sekil 2’de goriilmektedir. Tahminlenmek istenen panelin enerji degerleri dagilimi 1418,
915, 1313 ve 1394 olarak bulunmustur. Seki/ 2’de ki grafikler incelendiginde panel ¢ikis giiclinii etkileyen en 6nemli
faktoriin giines 1s1n1mi1 oldugu tespit edilmistir. Ortam hava sicakligi, nem ve basing degerlerinin panel ¢ikis giiciine
etkisinin giines 151n1mu kadar etkili olmadig1 anlagiimaktadir.

Veri setine ait tanimlayic istatistiksel bilgiler Tablo 2°de gosterilmektedir.

SICAKLIK 500 NEM ki

BASING

ENERJi

Figure 2. Distribution of the entire data set by output energy
Sekil 2. Tiim veri setinin ¢ikis enerjisine gore dagilhimlar

Verilerin siniflandirmaya olan etkisini degerlendirmek i¢in kazang oranlar1 hesaplanmistir. Bu degerlendirme
sonucunda verilerin aldig1 puan degerleri Tablo 3’te verilmistir. Tablo 3’e gore basarili siniflandirmada en etkili
degisken 1s1n1m ardindan hava basinci, ortalama hava sicakligi ve sonuncu olarak nem oldugu tespit edilmistir.

Tablo 2. Veri kiimesi ile ilgili istatistiki bilgiler
Table 2. Statistical information about the dataset

Parametre Ortalama Standart Sapma
Sicaklik (°C) 30.345 4.168
Nem (%) 39.34 11.599
Basing (mBar) 1006.837 3.814
Isinim (W/m?) 618.167 240.18
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Tablo 3. Degiskenlerin siniflandirmaya etkisi
Table 3. Effect of variables on classification

Parametre Derecesi
Sicaklik (°C) 0.0816
Nem (%) 0.0635
Basing (mBar) 0.1058
Isinim (W/m?) 0.2915

2.2. Yapay Sinir Ag1 Algoritmasi

Panelden iiretilen enerjiyi tahmin etmek icin ilk olarak yapay sinir ag1 (YSA) yontemi kullanilmistir (Elmas,
2011). Gizli katman i¢in farkli sayida katman ve ndrondan olusan modeller denenmis en basarili tahminlemeyi
yapan model secilerek kullanilmistir. Secilen YSA nin mimari yapisi lineer (purelin) transfer fonksiyonu kullanan
4 giris katmani, Esitlik (1)’de belirtilen sigmoid transfer fonksiyonunu kullanan 10 ndronlu birinci gizli katman,
sigmoid transfer fonksiyonunu kullanan 5 ndronlu ikinci gizli katman ve sigmoid transfer fonksiyonunu kullanan
4 noronlu bir ¢ikt1 katmandan olusan ileri beslemeli geri yayilimli yapay sinir aglar1 (FFBPANN) modelidir.

1
1+e~ 3

yi = (Es.1)

YSA’da néronunda iiretilen dahili aktivitenin matematiksel ifadesi Esitlik (2)’deki gibi tanimlanmaktadir.

a; =X Wy Xy — W, (Es.2)

Her ndronun ayarlanabilir bir agirlik faktorii vardir. aj, iiretilen dahili aktivite seviyesini temsil eder, Wj, iki
ndron arasi baglanti girisinin agirhigimi temsil eder, Xij, nérona gelen veri sinyali degerini temsil eder, Wio, birim i
ile iliskili esigi temsil eder. I¢ aktivite, Esitlik (1)'deki noron yi'nin ¢iktisim elde etmek igin dogrusal olmayan bir
fonksiyondan (¢aligmada sigmoid kullanilmistir) gegirilir. Agin performans ve basarimini arttirmak icin ¢ikis
ndron sayisi ayristirma (discretization) teknigi kullanilarak normallestirilmistir. Buna gore 1. ¢cikis 0 While 10 Wh
arasi gii¢ degerini, 2 ¢ikis 10 Wh ile 20Wh, 3. ¢ikis 20 Wh ile 30Wh ve son ¢ikis ise 30 Wh ile 40Wh degerlerini
ifade etmektedir. Modelin grafiksel hali Sekil 3’de gosterilmektedir. YSA modelinde kullanilan egitim algoritmasi
deltadir. Egitim asamasinda farkli parametreler kullanilmig fakat en iyi sonucu veren iterasyon degeri 1000,
ogrenme katsayis1 degeri 0.5 ve momentum degeri 0.3 olarak tespit edilmistir. Dogrulugu en basarili olan modelin
egitimi 29.52 s siirmiistiir. Modelin testi asamasinda onlu ¢apraz dogrulama yontemi kullanilmigtir.
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Figure 3. Graphical representation of the artificial neural network model
Sekil 3. Yapay sinir aglari modelinin grafiksel gosterimi
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2.3. K- En Yakin Komguluk Algoritmast

Panelden iiretilen enerjiyi tahmin etmek i¢in kullanilan diger bir yontem ise KNN yontemidir. KNN algoritmasi
makine dgrenim yontemleri icerisinde siklikla kullanilan popiiler bir algoritmadir. Smiflandirilmak istenen bir
ozelligin kendisine en yakin diger 6zelliklerle arasindaki Oklid mesafesi kullanarak hangi katagoride oldugu tespit
edilir. Parametre olarak K degeri kullanilmaktadir. Bu degerde pozitif tamsay1 olarak ifade edilmektedir. Veriler
arasindaki mesafelerin belirlenmesinde Esitlik (3)’teki matematiksel ifade kullanilmaktadir (Kiling ve ark., 2016).

T O —yi)? (Es.3)

Calismada farkli K degerleri kullanilarak (1,2,4,9) egitim islemi gerceklestirilmistir. Bunlar arasinda K=2
degeri en yiiksek siniflandirma basarisini saglamistir. Dogrulugu en basarili olan modelin egitimi 5.34 s siirmiistiir.
Modelin testi asamasinda bu algoritma i¢in de onlu ¢apraz dogrulama yontemi kullanilmistir.

3. Arastirma Sonuclari ve Tartisma

Cevresel degiskenler (Sicaklik, Nem, Basing, Isinim) panelden iiretilen enerjiyi tahmin etmek icin yapay zeka
yontemlerinde girdi parametresi olarak kullanilmustir. Istatistik yontemler kullanilarak YSA modelinden elde
edilen sonuglar cevresel verilerle karsilastirilmistir. Dogruluk, Kappa degeri, Ortalama mutlak hata, Kok ortalama
kare hatasi, Bagil mutlak hata, Kok goreceli kare hatasi istatistiksel degerleri sirastyla %98,7945, 0,9838, 0,0061,
0,0776, %1,6418 ve %17,9977 olarak bulunmustur. Tiim smiflar i¢in ROC (Reciever Operator Characteristics
curve) degeri 0,99dur. Siniflandirmanin karisiklik matrisi (confusion matrix) degerleri Tablo 4’te verilmistir.
Karigiklik matrisinde de goriildiigii gibi 6grenme islemi basarilidir. Olgiilen 0-10W arasindaki 1418 egitim
verisinden 1412 sini dogru, 5 tanesini 10-20W arasinda yanlis ve 1 tanesini 20-30W arasinda yanlis olarak tahmin
etmistir. Diger gii¢ degerlerinin tahminleme sonuglar1 da Tablo 4’te goriildiigi gibi yiiksek dogruluktadir.

Tablo 4. Test sonucunun karisiklik matrisi (YSA)
Table 4. Confusion matrix of test result (ANN)

Siniflandirilan 0-10W 10-20W 20-30W 30-40W
0-10W 1412 5 1 0
10-20W 13 915 7 0
20-30W 4 7 1292 10
30-40W 0 2 12 1380

Modelin testi asamasinda onlu ¢apraz dogrulama yontemi kullanildigi igin toplam 5060 adet veri 10 esit
parcaya boliinerek tiim veriler hem test hem de egitim igin kullanilmistir. Sekil 4’ te YSA igin gerceklestirilen
egitimin sadece birinci kisminda yapilan test tahminleri goriilmektedir. Kullanilan 506 adet verinin 12 adeti hatali
iken biiyiik cogunlugu olan 494 adeti dogru olarak tahminlenmistir. Veri setinin diger kisimlarinda da benzer
sonuglar elde edilmistir. Tiim veri setinin sonuglart karisiklik matrisinde verilmistir.
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m Olgiilen Deger + Tahmin Edilen Deger

Figure 4. ANN Model Forecast
Sekil 4. YSA Model Tahmini

KNN yonteminde de benzer istatistik yontemleri kullanilarak egitim sonucu degerlendirilmistir. Dogruluk,
Kappa degeri, Ortalama mutlak hata, Kok ortalama kare hatasi, Bagil mutlak hata, Kok goreceli kare hatasi
istatistiksel degerleri sirasiyla %97.3123, 0.9639, 0.0121, 0.1027, %3.2561 ve %23.8201 olarak bulunmustur. Tiim
smiflar i¢in ortalama ROC (Reciever Operator Characteristics curve) degeri 0.986 dir. Siniflandirmanin karigiklik
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matrisi (confusion matrix) degerleri Tablo 5’te verilmistir. Olgiilen 0-10W arasindaki 1418 egitim verisinden 1400
adeti dogru tahminlenmistir.Geriye kalan 16 adeti 10-20W arasinda ve 2 tanesini 20-30W arasinda yanlis olarak
tahmin edilmistir. Diger gii¢ degerlerinin tahminleme sonuglar1 da Tablo 5’te goriildigii gibidir.

Tablo 5. Test sonucunun karisikltk matrisi (KNN)
Table 5. Confusion matrix of test result (KNN)

Siniflandirilan 0-10W 10-20W 20-30W 30-40W
0-10W 1400 16 2 0
10-20W 20 897 18 0
20-30W 8 12 1262 31
30-40W 0 2 27 1365

Sekil 5> te KNN i¢in gergeklestirilen egitimin sadece birinci kisminda yapilan test tahminleri goriilmektedir.
Kullanilan 506 adet verinin 18 adet i hatali iken biiyiik ¢ogunlu olan 488 adeti dogru olarak tahminlenmistir. Veri
setinin diger kisimlarinda da benzer sonuglar elde edilmistir. Tiim veri setinin dl¢iilen ve tahminlenen sonuglari
karigiklik matrisinde verilmistir.
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m Olgiilen Deger Tahmin Edilen Deger

Figure 5. KNN Model Forecast.
Sekil 5. KNN Model Tahmini

Ulkemizde yapilan bir ¢alismada, cevresel faktorler agisindan birbirinden farkli ii¢ bolgede (Adiyaman-
Malatya-Urfa) kurulum yapilarak dl¢lim istasyonlart ile ¢evresel faktdrlere bagli olarak (giines 1s1nimi, sicaklik,
rliizgar, nem, PV panel sicaklig1) YSA modeli olusturulmustur. Fotovoltaik panel ¢ikis giigleri kaydedilen veri seti
iizerine farkli YSA algoritmalar1 kullanilarak gii¢c tahmini i¢in modellemesi yapilmistir. Yapilan bu modellemede
egitilen %99.93 oraninda tahmin kabiliyeti saglanmistir (Igel, 2019).

Diger bir ¢alismada, PV modiillerinin ¢ikis giiclinii etkileyen gilines 1sinim1 ve sicaklik degisimine gore
performans tahmini i¢in bir ag modeli dnerilmistir. Elde edilen veriler analiz edildiginde, farkli caligma kosullari
altinda, PV gii¢ ¢iktis1 tahmin modeli olarak, geleneksel tek YSA yontemine gore (SANN) yontemi ile daha dogru
sonuglar elde edilmistir (Wang ve ark., 2020).

Farkli bir ¢alismada, Tekirdag Namik Kemal Universitesi yerleskesinde kurulan bir deney diizenegindeki
giines paneli egim agilar1 (0°, 30°, 60°) konumlandirilarak alinan verileri tahmin etmede korelasyon analizi ve
asamali regresyon analizi yontemleri uygulanmistir. Giines enerji sisteminden elde edilen gii¢ iiretimini tahmin
etmek i¢in Zaman Serisi Analizi (TSA) ve Yapay Sinir Ag1 (YSA) modeli gelistirilmistir. Elde edilen veriler ve
tahmin sonuglart analiz edildiginde; zaman serisi analizi (TSA) modelinin daha yakin sonuglar verdigi
gozlemlenmistir (Altan ve ark., 2021).

Fotovoltaik ¢ikis giiclinii tahmin etmek i¢in tasarlanan ANN ve ANFIS tabanli tahmin modeli ile uygulanan
caligma da istasyon verileri ile egitilen modeller karsilagtirildiginda YSA tabanli tahminin, ANFIS yontemine goére
daha iyi sonuglar verdigi goriilmiistiir (Kumara ve Kalavathi,2016).

Yaptigimiz bu caligmada ve literatiirdeki pek ¢ok arastirmada, fotovoltaik sistemlerin gii¢ ¢ikisi tahmini igin
farkli yapay zekd modelleri kullamlabilmektedir. Onerilen yapay zekd tahmin modelleri ile gergek saha
sartlarindan elde edilen veriler arasinda ¢ok yakin bir benzerlik goriilmektedir.

4. Sonug

Bu calismada, Trakya Universitesi Miihendislik Fakiiltesi Yerleskesinde kurulumu yapilan fotovoltaik
panellerin iirettigi enerjiyi tahmin etmek igin cevresel faktorlere (Sicaklik, nem, basing, 1s1n1m) bagl olarak farkl
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iki yapay zeka modelleri (YSA ve KNN) gelistirilmistir. Aym1 veri seti kullanilarak gelistirilen bu modeller
egitilerek tahminleme basarilar1 karsilagtirilmigtir. Yapilan modellemelerde her iki yontemde yiiksek bir
siniflandirma basarisi saglamistir. Ancak YSA ydnteminin tahminleme basarisi (%98.7945) KNN’e (%97.3123)
gore daha yiiksektir. YSA modeli icin tek gizli katman kullanildiginda bagari iki katmana gore daha diisiik
seviyededir. iki gizli katmandaki noron sayilari sirastyla baslangigta 5-5 ikinci egitimde 10-5 iiciinciide 10-10 ve
son olarak 15-5 seklinde egitilmis ve en basarili egitim 10-5 olan modelde elde edilmistir.

Fotovoltaik panellerin gii¢ iiretimine etki eden en biiyiik faktor giines 1sinimidir. Yapilan modelleme sonuglari
incelendiginde de 1s1n1min panel gii¢ ¢ikisini 6nemli derecede etkiledigi tespit edilmistir.

Calismanin dnemli bir katkisi ise ¢evresel veriler kullanilarak fotovoltaik panellerin gii¢ tahmininde YSA ve
KNN modellerinin birbirine ¢ok yakin sonuclar vermesidir. Boylece farkli uygulamalarda veya fizibilite
caligmalarinda her iki tahminleme modelinin de kullanilabilecegi yapilan testlerle dogrulanmustr.

Bir giines enerji sistemin gii¢ tiretimi, dncelikle panel 6zellikleri, dogru projelendirme, kurulum, isletme ve
iklim sartlarina bagl olarak degismektedir. Giines enerjisi doniisiim santrallerinin dogru sahalarda yapilmasi,
kurulum ve enerji maliyetlerini direkt etkilemektedir. Bu sebeple gili¢ tahmininde kullandigimiz YSA ve KNN
modelleri gercek degerlere yakin sonuglar vermistir. Gelecekte fotovoltaik panel kurulumlar1 6ncesinde saha iklim
verileri kullanilarak onerilen modeller ile fizibilite ¢alismalar1 ve sistem verimlilik analizlerinin yapilabilecegi
anlagilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Cesitli Tiirk Diatom Topraklarinin Celtikte Pirin¢ Bitine, Sitophilus oryzae L. (Coleoptera:
Curculionidae) Kars1 Insektisidal Etkinligi

Insecticidal Efficacy of Some Turkish Diatomaceous Earth Deposits Against Rice Weevil,
Sitophilus oryzae L. (Coleoptera:Curculionidae) on Paddy

Veysel ALAGOZ', Ozgiir SAGLAM?*

Oz

Bu caligmada Tiirkiye’nin 4 farkli bdlgesinden alinan diatom topraklarinin (DE) ¢eltik {izerinde, piring biti,
Sitophilus oryzae L. erginlerine kars1 insektisidal etkinligi arastirilmistir. Bu amagla 4 farkl Tiirk diatom topragi
(AGN-1, ACN-1, FB2N-1 ve CCN-1) ile ticari diatom topragi (Silicosec)’nin 100, 300, 500, 900 ve 1500 ppm
(mg DE/kg ¢eltik) dozlar celtikle karigtirilmistir. Diatom topraklart ile karistirilan celtikler 100 ml siselere
konularak tizerine <14 giinliik piring biti erginleri birakilip siselerin agz1 tiille kapatilmistir. Denemeler 25+1°C
sicaklikta ve %55 nemde karanlik ortamda yiiriitiilmiistiir. Diatom uygulamasindan 7, 14 ve 21 giin sonra liim
oranlar1 ve yeni nesil ergin (F1) sayilar1 belirlenmistir. Yedinci giinde AGN-1 diatom topraginda 300 ppm ve iizeri
dozlarda %100, diger diatom topraklarinda 1500 ppm’de %]1.4- 97.7 arasinda 6liim goézlenmistir. Onddrdiincii
giinde AGN-1’de 100 ppm dozda %98.5 6liim olurken, ACN-1’de 900 ve 1500 ppm dozda %100, diger
diatomlarda 1500 ppm dozda CCN-1’de %97.3, Silicosec’te %96.6 ve FB2N-1"de %42 6liim tespit edilmistir.
Yirmibirinci giinde AGN-1"de biitiin dozlarda %100 6liim yakalanirken ACN-1’de 900 ve 1500 ppm dozunda,
CCN-1 ve Silicosec’te 1500 ppm dozunda %100 ve FB2N-1’de 1500 ppm dozunda %93.9 6liim gézlenmistir.
AGN-1 diatom topragi ile muamele edilen geltiklerden F1 ergin ¢ikisi olmamustir. Tiirkiye'nin farkli noktalarinda
alinan diatom topragi orneklerinin bocekler ilizerindeki etkinlikleri arasindaki farkliliklarin, farkli fiziksel
ozelliklere sahip olmasindan kaynaklandigi belirlenmistir. Caligma kapsaminda ele alinan diatom topraklar1 SiO2
oranlar1 bakimindan kiyaslandiginda yiiksek silisyum oranina sahip diatom topraklarinin (FB2N-1) etkinliklerinin
diisiik olabilecegi belirlenmistir. Partikiil biiyiikleri bakiminda ise benzer biiyiikliige sahip olanlarin (AGN-1,
FB2N-1) bocekleri ilizerindeki etkinliginde dnemli farkliliklar tespit edilmistir. Sonug olarak AGN-1 isimli Tiirk
diatom toprag ticari Silicosec ticari preparatina gore geltikte piring bitine karsi daha yiiksek insektisidal etkinlik
gostermis ve dolayisiyla miicadelede kullanilabilme potansiyeli oldugu kanisina varilmustir.

Anahtar Kelimeler: Yerel diatom toprag, Silicosec, Celtik, Sitophilus oryzae, Tiirkiye
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Abstract

In this study, the insecticidal effect of 4 different Turkish diatomoceus earth (DE) were tested against the rice
weevil, Sitophilus oryzae L. on paddy rice. Paddy rice was treated at 100, 300, 500, 900 and 1500 ppm (mg DE/kg
paddy rice) concentrations of four Turkish diatomaceous earths (AGN-1, ACN-1, FB2N-1 and CCN-1) and
commercial diatom earth (Silicosec). Paddy rice samples were mixed with DE and then filled into 100 ml glass
vials. Rice weevil adults (<14 days) were transferred into the vials and the vials were covered with fine mesh. The
experiments were carried out at 25+1 °C temperature, 55% RH in dark conditions under laboratory conditions.
After 7, 14, 21 days of treatment the mortality rates of S. oryzae adults and progeny production numbers (F1) were
recorded. AGN-1 diatomaceous earth at 300 ppm and higher concentrations produced 100 % adult mortality on
the 7th days after treatment while other DE’s caused 1.4- 97.7% mortality even at the highest concentration (1500
ppm). After 14 days of the treatments, 100 ppm concentration of AGN-1 produced 98.5 % mortality, while 900
and 1500 ppm concentration of ACN-1 caused 100% mortality. Other DE’s, CCN-1 Silicosec and FB2N-1, at
1500 ppm concentration produced 97.3, 96.6 and 42 % of mortality respectively. After 21 days of the treatments,
AGN-1 caused 100% mortality at all concentrations while ACN-1 at 900 and 1500 ppm, CCN-1 and Silicosec and
FB2N-1 at 1500 ppm produced 100%, 100% and 93.9% mortality respectively. AGN1 was totally hindered
progeny production. It has been determined that the differences between th insecticidal activities of tested DEs on
stored product insects could be attributed to different physical properties of DE samples taken from different
locations of Turkey. In this study it was determined that diatomaceous earth with high SiO» ratio (FB2N-1) had
low insecticidal efficacy against tested insect. On the other hand, of DEs with similar particle size (AGN-1, FB2N-
1) were determined to have significant differences in their efficacy against S. oryzae. In conclusion, this study
indicated that Turkish diatomaceous earth, AGN-1 showed higher insecticidal efficacy against S. oryzae on paddy
rice than commercial DE, Silicosec and can potentially be used as a grain protectant for control of S. oryzae on
paddy rice.

Keywords: Local diatomoceus earth, Silicosec, Paddy, Sitophilus oryzae, Turkey
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1. Giris

Insanlarin beslenmesinde bitkisel {iriinlerden; bugday, piring, arpa, yulaf, cavdar, misir ve diger tahil gruplari
onemli bir yer tutmaktadir. 2019/20 sezonu kiiresel ¢eltik iiretiminde ilk sirada yer alan Cin’de iiretimin yaklagik
210 milyon ton, ikinci biiyiik iiretici olan Hindistan’da ise iiretimin 177 milyon ton oldugu tahmin edilmektedir
(Anonim,2021a). FAO verilerine gore; 2020 yilinda 125 bin hektarlik ekilis alaninda, iilkemizde 980 bin ton celtik
iiretimi yapilmistir (Anonim,2021b). Hasat edilen c¢eltikler hemen islenmeyip ¢ogunlukla ticari ve ekonomik
nedenlerden dolay: belirli bir siire depolanmaktadirlar. Depolamaya alinan celtik isleninceye kadar gecen siirede
iiriinlin dane o6zelliklerini muhafaza etmesi istenmektedir. Depolama esnasinda geltik ve piringteki depolanmis
iirlin zararlilar kalite ve kantitede 6nemli kayiplara neden olmaktadir (Atabay ve ark., 2013). Donahaye ve Messer
(1992) depolanmus iiriin zararlilarinin triinlerde beslenmesi durumunda %10’luk bir iiriin kaybina neden
olabilecegini bildirmistir. Bu kapsamda depolanmus {iriin zararlilariyla miicadele kaginilmaz olmaktadir.

Giinlimiizde depolanmug iiriin zararhilariyla miicadelede ilk basvurulan yontem kimyasal miicadeledir.
Kimyasal miicadelede yogun miktarda malathion, pirimiphos-metil, chlorpyrifos-metil ve deltamethrin gibi
koruyucu kontakt insektisitler yaninda yogun miktarda kullanimi olan metil bromid ve aliiminyum fosfin gibi
fumigantlar bulunmaktadir (Bond ve ark., 1984). Metil bromidin ozon tabakasini delici gazlar igerisinde
bulunmasindan dolay1 Birlesmis Milletler Montreal Protokoliine gore kullanimi 2015 yilindan itibaren karantina
uygulamalar1 disinda yasaklanmis durumdadir (UNEP, 1995). Ulkemizde ruhsath fiimigant olarak sadece fosfin
(PHs) ve siilfiiril florit (SO2F2) bulunmaktadir. Siilfiiril florit gazi tilkemizde 2009 yilinda sadece incir, kayisi,
iiziim, findik gibi kuru meyveler iizerinde kullanimi icin ruhsatlandirilmistir (Anonim, 2021c). Fosfinle
fumigasyonda ise, fumigasyon siiresinin uzun olmasi ve diinyada 45’den fazla iilkede depolanmis {iriin
zararlilarinin fosfine karsi dayaniklilik gelistirdikleri tespit edilmistir (Zettler ve Keever, 1994; Bell ve Wilson,
1995; Chaudry, 1996; Athié ve ark., 1998; Benhalima ve ark., 2004; Pimentel ve ark., 2010, Saglam ve ark.,2015).
Ulkemizde de Kogak ve ark. (2014), Tribolium castaneum’da fosfine kars1 dayamklilik tespit etmistir. Dogrudan
iriine uygulanan bazi insektisitlerin kalintilar1 tiiketiciye Onemli seviyede akut ve kronik olarak zarar
verebilmektedir. Diger taraftan, zararlilarda dayamklilik gelisimi, uygulamada sorunlarin yasanmasina neden
olmaktadir (Champ ve Dyte, 1976; Lorini ve Galley, 1999).

Bugiin geleneksel olarak kullanilan fumigantlarin ve koruyucu kontak insektisitlerin artan zararlarindan dolay1
bircok arastiricit ve lretici alternatif miicadele yontemlerine yonelmistir. Alternatif miicadele yontemlerinde
fiziksel miicadele igerisinde Diatomoceus earth (Diatom topragi) gibi inert tozlara olan ilgi artmistir. Diatom
topraklar1 muhtemelen insektisit olarak kullanilabilen kuru maddelere bagli en etkili dogal kaynaktir (Korunic,
1998). Ik ticari diatom topragi formiilasyonu 1800°lii y1lllarda USA’de patent alinmasina karsin yaygin olarak
kullanimi 1950 yilindan sonra olmustur (Anonim 2021d). Depolanmis {iriin zararlist boceklerin; kimyasal
savagiminda kullanilan etkili maddelere nazaran diatom topragina daha az direng gdstermesi, diatom topraginin
uygulama yapilan iiriin lizerinden daha kolay uzaklastirilmasi ve kalint1 birakmamasi, son olarak memelilere ve
cevreye diisiik toksisite gdstermesi nedeniyle; depolanmis iiriin zararlis1 boceklerin miicadelesinde kullanilmaya
baglanmistir (Fields, 1998).

Diatom topraklari; diatomit alglerinin fosillesmis silisli kabuklarindan olusmus bir ¢okelti olup, hiicre ¢ceperleri
(kabuklar1) amorf silisten (SiO2 + H20) olusmustur. Diatomitlerin cesitli nedenlerle yasamlarinin sona ermesi ile
silisli kabuklar1 bir araya toplanarak ¢okelmekte ve diatom rezervlerini olusturmaktadir. Diatom topraklarinin
insektisidal aktiviteleri; tlir kompozisyonuna, jeolojik ve jeografik orijinine, ayn1 zamanda SiO2 igerigi, pH ve
sikistirtlmis yogunlugu gibi belli baz1 fiziksel ve kimyasal 6zelliklerine bagli olarak 6nemli degisiklikler
gostermektedir (Korunic, 1997). Diatom topraklar1 boceklerin kutikiilasinda etkili olup su kaybindan 6liime neden
olmaktadir (Ebeling, 1971). Memelilere toksik olmayan (siganlarda agizdan LDso degeri> 5000 mg/kg viicut
agirlig1) diatom toprag iirlinler tizerinde toksik kalint1 birakmaz ve gida katki maddesi olarak kullanildigi i¢in U.S.
EPA (Amerika Cevre Koruma Ajansi) "ya gére GRAS (Generally Recognized As Safe (Genellikle Giivenilir Kabul
Edilen)) kategorisinde smiflandirilir (FDA, 1995). Diatom topragi sanayide bir¢ok alanda filtrasyon, dolgu ve
katki malzemesi, insanlarda silisyum takviyesi olarak, ev igerinde veya ¢evresinde haserelerle miicadelesinde ve
gida maddelerinin paketlenmesinde nem tutucu olarak kullanilmaktadir (Ozbey ve Atamer, 1987; Durmuskaya,
2009; Colak ve ark., 2011; Cetin ve Tas, 2012). Sonug olarak diatom topraklari tamamen organik iiriin iiretimiyle
uyumlu olup organik bir iiriin olarak kabul edilmektedir (Subramanyam ve Roesli, 2000).

448



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(2)

Insektisidal kullanimi konusunda 6zel bir ekipmana ihtiya¢ olmamas, gevre ile higbir etkilesime girmemesi ve
uygulama yapilan iiriinlerde uzun siire kalabilmelerinden dolay1 6zellikle depolanmis tahillar1 zararli boceklerden
uzun siire korumada geleneksel insektisitlere alternatif olabilmektedir (Athanassiou ve ark., 2005). Yapilan
incelemelerde Tiirkiye'nin degisik bolgelerinde ¢ok zengin diatom yataklarina sahip ve oldugu goriilmektedir
(Ozbey ve Atamer, 1987; Mete, 1988; Stvaci ve Dere, 2006; Cetin ve Tas, 2012).

Tiirkiye’den elde edilen ve islenen yerel diatom topraklarinin depolanmus iiriin zararlilarina karst etkinligi
iizerine hali hazirda yapilmig sinirh sayida ¢alisma bulunmaktadir (Doganay,2013; Ertiirk,2014; Isikber ve
ark.,2016; Saglam ve ark.,2017; Akcal1 ve ark. 2018; Sen ve ark.,2019). Marmara bdolgesi celtik iiretimde 6nemli
bir yere sahip olup, yapilan ¢aligmalarda geltik depo ve fabrikalarinda hakim zararlinin Sitophilus spp. oldugunu
belirlenmistir (Atabay ve ark.,2013; Togantimur ve Ozder,2019). Bu calisma kapsaminda; Tiirkiye’nin farkli
bolgelerinden temin edilmis yerel diatom topraklari ve Silicosec ticari diatom preparatinin; iilkemizin tahil
iiretiminde 6nemli bir yer kaplayan ¢eltigin depolanmasi sirasinda biiyiik dl¢lide sorun yaratan Sitophilus oryzae,
(Piring biti)’ye karsi etkinligi belirlenmistir.

2. Materyal ve Metot
2.1. Biyolojik Denemelerde Kullanilan Diatom Topraklar

Biyolojik denemelerde Ege ve Orta Anadolu bolgesinden drneklenen AGN-1, ACN-1, FB2N-1 ve CCN-1 kodlu
yerli diatom topraklar1 kullaniomistir. Denemelerde sahit olarak ticari diatom preparati Silicosec (Biofa Company-
Almanya) kullanilmistir. Ele alinan diatomlara (DE) ait fiziksel 6zellikler Tablo I’de verilmistir.

Tablo 1. Test edilen yerel diatom topraklarinin bazi fiziksel dzellikleri

Table 1. Some physical properties of tested local diatomaceous earths

SiOz2 Oram Partikiil DE- Celtik Yapisma
DE Kodu (%) Cap1 (um) orani (% + SH) Renk
AGN-1 75.5% 16.19 84.54+0.30 Sarimtirak-beyaz
ACN-1 73.8 14.29 88.89 £0.58 Sarimtirak-beyaz
CCN-1 74.6 12.75 83.00+0.98 Sarimtirak-beyaz
FB2N-1 91.9 16.99 87.03 +£1.33 Beyaz
Silicosec 85.7 12.51 85.90 £ 0.68 Sarimtirak-beyaz

*Maden Tetkik ve Arama Genel Miidiirliigii Analiz Laboratuvari analiz sonuglarindan elde edilmistir.

2.2. Denemelerde kullanilan Celtik

Denemelerde %15 + 1 iiriin nemi igeren Osmancik-97 ¢esidi celtik (kavuzlu) (Oryza sativa L.) kullanilmistir. Nem
Olciimlerinde KETT - PM-650 model portatif nem tayin cihazi kullamilmistir. Denemelerde kullanilan geltik bir hafta
stireyle -20 C’de derin dondurucuda tutulmus ve olasi zararlilardan arindirilarak steril hale getirilmistir ve agz1 kapali
bidonlar igerisinde saklanmustir.

2.3. Piring Biti, Sitophilus oryzae kiiltiirii

Sitophilus oryzae kiiltiirii Tekirdag Nanmik Kemal Universitesi, Ziraat Fakiiltesi, Bitki Koruma béliimii Toksikoloji
laboratuvarinda 5 yildir iiretimi yapilan Laboratuvar kiiltiirii boceklerden olusmustur. 1 litrelik cam kavanozlar
icerisine 250-350 gram bugday ilave edildikten sonra karisik cinsiyette 200 adet ergin birakilmig ve kavanozlarin
agizlar1 hava giris ¢ikisi bulunan kapaklarla kapatilmistir. Bocekler bugday iizerinde gelistirilmis ve deneme esnasinda
celtik kavanozlarina aktarilmstir. Kiiltiirler 26 + 1 °C de %55 + 5 nem igeren ortamda bekletilmis ve 7-10 giin sonra
erginler elek yardimiyla elenerek bulasik bugdaydan ayirilmis ve bulagik olmayan bugday konulan kavanozlara
eklenerek kiiltiirlerin devamlilig1 saglanmustir. Yaklagik 30-40 giin sonra ¢ikan yeni nesil ergin boceklerden <14 giinliik
yastaki erginler kullamlmustir.

2.4. Biyolojik denemeler

Denemelerde kullanilan geltik, terazi (SWAN, SF-550) yardimiyla 0.5 kg tartilmis ve 3 litrelik kavanozlara
konulmustur. Biyolojik denemelerde kullanilan her diatom topragi ig¢in 100, 300, 500, 900 ve 1500 ppm
konsantrasyonlari uygulanmistir. Ele alinan konsantrasyonlar 0.05, 0.150, 0.250, 0.450, ve 0.750 g diatom toprag, 0.5
kg iirtine konarak elde edilmistir. Hassas terazi (RADWAG, WTB 200) yardimiyla tartilan diatom &rnekleri 3 litrelik
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kavanozlara konulan iirlinlerin iizerine eklenmistir. Diatom topraginmn celtiSe homojen bir sekilde kaplamasi igin
kavanozlarin agizlan sikica kapatilarak 3 dakika boyunca elle ¢alkalanmistir, diatom uygulanmayan geltik kontrol
grubu olarak ele alinmistir. Diatom topragi uygulamasi yapilan ve kontrol grubu kabul edilen celtik kavanozlarindan
50 gram geltik 100 mI’lik (8.3 x 4.5 cm) cam siselere konmus ve denemeler 5 tekerriirlii olarak yiiriitilmiistiir. Her bir
siseye 30 adet karisik cinsiyette ergin bocek ince uglu firga ile aktarilmistir. Biyolojik denemeler iklim odasinda 25 £+
1 C sicaklikta ve % 55+ 3 nispi nemde yiiriitiilmiistiir. Belirtilen nemli ortami olusturmak i¢in kapaklari kilitli 80 1’lik
plastik saklama kaplar1 (70,05 x 44,5 x 3 8,5 cm) ile nem hiicreleri olusturulmustur. Orantili nem degerlerinin deneme
stiresince sabit kalmast icin NaBr (94.32g NaBr/100 ml su) ¢ozeltisi kullanilmistir (Greenspan 1976). Uygulamadan 7,
14 ve 21 giin sonra 2 mm’lik metal elek ile kavanozlardaki celtik elenerek boceklerin dlii-canlt saymimi yapilmistir.
Sayimlarda anten veya bacaklar1 hareket etmeyen bocekler 6lii kabul edilmistir. Son sayim giiniinden sonra cam sise
icerisindeki tiim 6li ve canli bocekler elek yardimiyla disar1 almmistir. Cam siseler yeni nesil ergin (F1) sayisim
belirlemek igin 45 giin siire ile iklim odasinda (264 1 °C sicaklik ve % 65+ 5 nispi nem) karanlik ortamda tutulmustur
ve 45 giin sonra geltikler elek yardimiyla elenmis ve yeni nesil ergin sayimlar1 yapilmustir.

2.5. Verilerin degerlendirilmesi ve istatistiksel analizler

Yiiriitiilen biyolojik denemeler sonucunda 7. 14. ve 21. giin sonras1 6len birey sayilarini ve F1 yeni nesil sayilarimi
iceren Excel tablolar olusturulmustur. Kontrolde 6liim olan uygulamalarda Abbott'un diizeltme formiilii kullanilarak
6liim oranlar diizeltilmistir (Abbott, 1925). Diatom topragi uygulamalarna ait 7. 14. ve 21. giin 6liim oranlar1 ayr1 ayr
Arcsin transformasyonu uygulandiktan sonra SPSS-18 istatistik programi kullanilarak varyans analizine (ANOVA)
tabi tutulmustur (SPSS, 2009). Yeni nesil ergin sayilarma ait verilere ise Abbott’un diizeltme formiilii ve
transformasyon yapilmadan ayni istatistiksel analiz uygulanmistir. Hem 6liim hem de yeni nesil ergin sayilarina ait
ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde Duncan testi kullanilarak belirlenmistir.

3. Arastirma Sonuclari ve Tartisma
3.1. Yedi, on dort ve yirmi bir giin maruz kalma siirelerinde elde edilen oliim oranlar

Yapilan ¢ift yonlii varyans analizleri sonucunda diatom topragi cesitlerinin (7. giin F4,70=469.66, P<0.0001, 14. giin
F470=310.46, P<0.0001 ve 21. giin F470=222.18, P<0.0001) ve uygulama konsantrasyonlarmn (7. giin F470=125.11,
P<0.0001, 14. giin F470=237.289, P<0.0001 ve 21. giin F470=389.99, P<0.0001 ) 6liim oranlari {izerinde istatistiksel
acidan Snemli etkiye sahip oldugu ve bu iki faktoriin arasindaki interaksiyonun (7. giin Fi670=22.465, P<0.0001, 14.
giin F1670=23.737, P<0.0001 ve 21. giin F16,70=29.06, P<0.0001) da istatistiksel acidan énemli oldugu saptanmustir.

Celtik tizerinde Sitophilus oryzae erginleri ile yiiriitillen ¢alismada; 7 giin maruz kalma siiresinde sadece AGN-1
diatom topraginda 300 ppm ve iizeri konsantrasyonlarda %100 6liim olurken, diger diatom topraklarinda en yiiksek
6liim 1500 ppm konsantrasyonda ACN-1"de % 97.7 olmustur (7ablo 2).

Tablo 2. Celtik iizerinde bes farkli diatom topraginin, bes farkli konsantrasyonlarina 7 giin siireyle maruz
birakilan Sitophilus oryzae erginlerinin ortalama yiizde oliim oranlar
Table 2. Mean mortality (%) (SE) of Sitophilus oryzae adults exposed to paddy treated with DE at five dose
rates and five different DE formulations for 7 days

Doz AGN-1 ACN-1 CN-1 FB2N-1 Silicosec FveP
(ppm) degeri
F4 14:97.37
* s
1500 100 £ 0.0*Aa 977+ 1.1Aa 579+ 8.2Ac 1.4+0.8Ad 86.4+2.0Ab P<0.0001
F4’14=143.07
900 100 £ 0.0Aa 94.3 £ 3.0Ab 38.2+5.9Bc 0.0+ 0.0Be 17.1+4.1Bd P<0.0001
F4’14=290.52
500 100 £ 0Aa 73.6 £ 8.1Bb 6.9 +£3.8Cc 0+ 0Bd 6.8+£4.1BCc P<0.0001
300 100+0.0Aa  8.0+3.4Cb 0.8+0.5CDc  0.0+0.0Bc 0.8+ 0.4Cc F4142290.52
. . . . . . . . . P<0.0001
F4’14=64.46
100 89.5+6.0Ba 1.9+ 1.4Cb 0+0Db 0.0+ 0.0Bb 3.8+3.8Cb P<0.0001
Kontrol 44+1.1 22+22 14+0.8 0.0+0.0 22+1.1
F ve P de“eri F4’]0=3.642 F4,]0=57.702 F4,20=39.947 F4,20=2.66 F4,]0=42.045 F4,10=3.642
g P<0.044 P<0.0001 P<0.0001 P=0.063 P<0.0001 P<0.044

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde DUNCAN testine
gore ortaya konulmustur. Ayni siitundaki farkli biiyiik harfler ve ayni satirdaki farkli kiigiik harfler istatistiki olarak birbirinden farklidir.
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FB2NI1 kodlu diatom topraginin 1500 ppm konsantrasyonda bile oldukea diisiik etki gosterdigi belirlenmistir.
Ticari Silicosec diatom topraginda ise 100-900 ppm konsantrasyon araliginda 6liim oran1 %4-17 arasinda degisirken
en yiiksek konsantrasyonda yiiksek bir artig oraniyla % 86’ya ulastig1 belirlenmistir. On dordiincii giin verileri
incelendiginde AGN-1 diatom topraginda 100 ppm’de % 98.5, 300 ppm ve iizeri konsantrasyonlarda % 100 6liim elde
edildigi belirlenmistir (7ablo 3). Bu dozda ticari diatom preparat1 ile karsilastirildiginda etkinin 18 kat daha yiiksek
oldugu belirlenmistir. Yerli diatom topraginin 100 ppm de gosterdigi 6liim orant ticari diatom topraginda elde etmek
icin dozun 1500 ppm’e ulagmasi gerekmektedir. 14. giin sonuglarma gére ACN-1’de ise 900 ve 1500 ppm’de % 100,
CCN-1 ve Silicosec 1500 ppm’de yaklasik olarak % 98 6liim olmustur. Yerli diatom topraklarinin FB2N1 diginda
digerleri ticari diatom topragina benzere veya ¢ok daha yiiksek etki ile n plana ¢ikmiglardir.

Tablo 3. Celtik iizerinde bes farkli diatom topraginin, bes farkl konsantrasyonlarina 14 giin siireyle
maruz birakilan Sitophilus oryzae erginlerinin ortalama yiizde éliim oranlar

Table 3. Mean mortality (%) (SE) of Sitophilus oryzae adults exposed to paddy treated with DE at five dose
rates and five different DE formulations for 14 days

Doz AGN-1 ACN-1 CCN-1 FB2N-1 Silicosec F ve P
(ppm) degeri
1500 100 £0.0*Aa 100+ 0.0Aa 973+£2.0Aa  422+27Ab  96.6+2.0Aa F414=60.51
: : o L DE L P<0.0001
F414=59.14
900 100 + 0.0Aa 100+0.0Aa  724+3.7Bb  243+68Bd  51.1+7.4Bc 20,0001
500 100+£0.0Aa  79.4+5.1Bb  18.6+42Cc  84+0.7Cc 14.8 + 6.8Cc Fa14=104.52
. 4+5, 6+4. 4+0. 8+6. 20,0001
F4,14=93.80
300 100+£0.0Aa  8.0+3.4Cb 0.8+0.5CDc 0.0 +0.0Bc 0.8 + 0.4Cc P<0.0001
F414=87.32
100 98.5+1.5Aa 1.9+ 1.4Db 0.8 = 0.5Db 1.8+0.7Db 5.3+4.7CDb P0.0001
Kontrol 4.4+ 1.1 22422 14+08 0.0+0.0 22+1.1
100 + 0.0 25.0+6.8 0.8+0.5 4+27 0.8+0.4 F414=93.80

F ve P degeri Aa Cb Dc Dc Dc P<0.0001

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmuis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde
DUNCAN testine gore ortaya konulmustur. Ayni siitundaki farkli biiyiik harfler ve aymi satirdaki farkli kiiclik harfler
istatistiki olarak birbirinden farklidir.

Yirmi bir giin maruz kalma siiresinde ise Silicosec sadece 1500 ppm’de %100 6liime ulagirken, AGN-1 biitiin
konsantrasyonlarda %100, ACN-1 kodlu diatom topragi 900 ve 1500 ppm’de ise %100 6liim tespit edilmistir. CCN-1
ve FB2N-1 diatom topraklarinda sirastyla 1500 ppm’de %100 ve %94 6liim olmustur (7ablo 4).

Tablo 4. Celtik iizerinde bes farkli diatom topraginin, bes farkli konsantrasyonlarina 21 giin siireyle
maruz birakilan Sitophilus oryzae erginlerinin ortalama yiizde éliim oranlar

Table 4. Mean mortality (%) (SE) of Sitophilus oryzae adults exposed to paddy treated with DE at five dose
rates and five different DE formulations for 21 days

Doz AGN-1 ACN-1 CCN-1 FB2N-1 Silicosec F ve P degeri
(ppm)
1500 100 £ 0*Aa 100+ 0Aa 100 + 0Aa 93.9+19Ab 100+ 0Aa F414226.92
N P<0.0001
F4’14=19.1 1
900 100 £ 0Aa 100 + 0Aa 945+25Ba  71.8£44Bb 852+ 11Bb o
F4’14=27.36
500 100 £ 0Aa 90.9+4.1Bb  452+7.1Cc  367+46Cc  46.6+13.1Cc b0
300 100 + 0Aa 523+39Cb  1.2+0.5Dd 9.3+ 1.6Dc 4.6+ 0Dc 23‘833?7'3@
F4’14=106.23
100 100 £ 0Aa 3.4+ 1.1Db 1.5+ 1.1Db 1.8+ 0.7Eb 5.3+4.7Db P<0,0001
Kontrol 4.4+1.1 22422 14+0.8 0.0+0.0 22+1.1
FveP _ F4,|0=227.60 F4,20=] 65.28 F4,20=] 46.15 F4,|0=57.073
degeri P<0.0001 P<0.0001 P<0.0001 P<0.0001

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmus olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde
DUNCAN testine gore ortaya konulmustur. Ayni siitundaki farkli biiyiik harfler ve aymi satirdaki farkli kiicik harfler
istatistiki olarak birbirinden farklidir.
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Ele alman yerli diatom topraklar arasinda FB2N1 kodlu diatom toprag: digerlerine gore etkinligi biraz diisiik
olmasina karsin en yiiksek konsantrasyonda %94 orani ile yiiksek bir etkinlik ortaya koymustur.

Celtik iizerinde S.oryzae erginlerine ticari Silicosec, yerli AGN-1 ve ACN-1 diatom topraklarina oranla diisiik
oliim orani gosterirken CCN-1 ile benzer etki gdstermistir. Athanassiou ve ark. (2003) Silicosec’in S. oryzae
erginlerine ¢eltik lizerinde 7 ve 14 giin maruz kalma siiresinde 1000 ve 1500 ppm’de ise % 100 6lim tespit
edildigini bildirmislerdir. Ertiirk (2014) benzer bir ¢alismada; Protector ticari preparati geltik {izerinde S. oryzae
erginlerinde (1000 ppm) 14 giin maruz kalma siiresinde % 100 Sliim tespit edildigini bildirmistir. Chiriloaie ve
ark., (2014) geltik iizerinde Pyrisec’e maruz kalan S.oryzae erginlerinde en yiiksek konsantrasyon olan 900 ppm’de
7,14 ve 21 giin maruz kalma siirelerinde % 100 dliime ulagilamadigini bildirmistir. Mc Gaughey (1972) ¢eltik
iizerinde Perma Guard diatom topraginin S. oyzae erginlerine 21 giin maruz kalma siiresinde 1750 ppm
konsantrasyonda % 100 6lim gosterdigini bildirmistir. Benzer bir ¢alismada Athanassiou ve ark. (2014) sert
bugday tizerinde Keepdry ticari diatom topraginin S. oryzae erginlerinde 500 ppm konsantrasyonda 7. ve 14.
giinlerde % 100 6liim oranina ulagilamadigini bildirmistir. Kavallieratos ve ark. (2010) bugday iizerinde S. oryzae
erginlerine 7 glin maruz kalma siiresinde 1000 ppm konsatrasyonda Protector ve Insecto ticari preparatlarinin %
100 6liim gosterdigini bildirmislerdir.

3.2. Biyolojik testler sonunda celtik iizerinde elde edilen Sitophilus oryzae’nin yeni nesil verimi (F1)

Celtik iizerinde yiiriitiilen biyolojik denemeler sonunda elde dilen S. oryzae’nin ortalama yeni nesil sayilari
(adet) Tablo 5’ de verilmektedir.

Yapilan ¢ift yonlii varyans analizleri sonucunda diatom gesitlerinin (Fa.s4 =223.93, P<0.0001) ve uygulama
konsantrasyonlarinin (Fsgss=84.37, P<0.0001) yeni nesil ergin sayilar1 {izerinde istatistiksel agidan 6nemli etkiye
sahip oldugu ve bu iki faktoriin arasinda interaksiyonun (F20.84 =5.80, P<0.0001) da istatistiksel agidan 6nemli
oldugu saptanmisir.

Tablo 5. Celtik iizerinde yiiriitiilen biyolojik denemelerden 45 giin sonra elde dilen Sitophilus oryzae’nin
ortalama yeni nesil (F1) sayilart (:SH)

Table 5. Mean numbers of progeny (F1) (£SE) of Sitophilus oryzae obtained after 45 days from the
biological tests carried out on the paddy

Doz AGN-1 ACN-1 CCN-1 FB2N-1 Silicosec F ve P degeri
(ppm)
F4 14=2.943
* 5
1500 0.0£0.0*Bc  0.0+0.0Cc 11.6+£2.5Eb  40.0+3.2Da 2.3+ 1.9Dc P<00001
F4’14=16.82
900 0.0+0.0Bc 1.3+ 0.7 Cc 27+ 6.1 Db 45.6£6.2CDa 8.0+3.5Dc P<0.0001
F4’14=33.24
500 0.0+0.0Bc 7.0£2.1 Cbc 514+£58Ca 562=+42Ca 19.7 £ 1.5Cb P<0.0001
F4’14=51.40
300 0.0+0.0Bc 203+3.8Bb  68.2+5.4Ba 712+3.1Ba  33.0+£4.6Bb P<0.0001
F4’14=72.00
100 0.0+ 0.0 Bd 253+2.7Bc 74 + 5.9Ba 79.8+2.0ABa 40.3+1.2ABb P<0.0001
F4’14=46.85
Kontrol 143+03 Ac 483+1.7Ab 92.8+6.1Aa 84.6 +2.7Aa 51.0 + 5.8Ab P<00001
FveP F5.12=1849.0 Fs5.12=68.377 Fs524=33.929 F524=23.07 Fs5.12=29.241
degeri P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

*Verilere tek yonlii varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde
DUNCAN testine gore ortaya konulmustur. Ayni siitundaki farklt biiyiik harfler ve aymi satirdaki farkli kiiciik harfler
istatistiki olarak birbirinden farklidir.

Celtik lizerinde S. oryzae ile yiiriitillen deneme sonuglarinda; Silicosec biitiin konsantrasyonlarda yeni nesil
cikisini baski altina alamazken, AGN-1 ele alinan tiim konsantrasyonlarda ve ACN-1 1500 ppm’de yeni nesil
cikigini baski altina almistir. ACN-1’de 900 ppm konsantrasyonda 1.3 adet yeni nesil ¢ikisi tespit edilirken,
Silicosec’te 1500 ppm konsantrasyonda 2.3 adet yeni nesil ¢ikis1 tespit edilmistir. CCN-1"de (1500 ppm) ise 11.6
adet yeni nesil ¢ikist FB2N-1°de (1500 ppm) 40 adete yiikselmistir. Test edilen diatom topraklarinda, kontrol
grubuna gore konsantrasyonlar attikca yeni nesil ¢ikisinda azalmalar tespit edilmistir. Mevcut caligmada
Silicosec’te en yiiksek konsantrasyonda (1500 ppm) 2.3 adet yeni nesil ¢ikis1 olurken, Athanassiou ve ark. (2003)
yaptiklart ¢alismada 45 gilin bekleme siiresinde 1500 ppm konsantrasyonda yeni nesil ¢ikist olmadigini
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bildirmislerdir. Ertiirk (2014) benzer bir ¢calismada; Protector ticari preparati geltik iizerinde S. oryzae erginlerinde
(1750 ppm konsantrasyonda) yeni nesil ¢ikisini tamamen baski altina aldigini bildirirken mevcut ¢alismada ise
ticari Silicosec’te (1500 ppm) yeni nesil ¢ikisini 2.3 adet olarak tespit edilmistir. ki deneme sonugclarindaki
farkliligin denemelerde kullanilan {iriin farkliligindan kaynaklandig: diisiiniilmektedir. Benzer bir ¢alismada ise
Vayias ve Stephou (2009); celtik iizerinde 150 ppm DEBBM diatom formiilasyonunda, 50 giin bekleme siiresi
sonunda 5.3 adet yeni nesil ¢ikis1 goriildiigiinii bildirmislerdir.

4. Sonug¢

Giiniimiizde tiiketicilerin organik iiriinlere yonelmesi ve iireticilerin ise kimyasal miicadelede kullanilan
pestisitleri bilingsizce kullanmasimdan dolay1; kimyasal miicadeleye alternatif yeni yontemler {izerine caligmalar
yogunlagsmistir. Diatom topraklarinin bdceklere etki mekanizmasinin fiziksel yolla etkili olmasi ile kimyasal
insektisitlere gore etki mekanizmasi tamamen farklilik gostermektedir. Ayrica pestisitlere gére daha insan ve
cevreye olumsuz etkisinin olmamasi ve tamamen organik {iriin kategorisinde kabul edilmesi 6nemli bir avantaj
olugturmaktadir. Bu bakimdan depolanmis {iriin zararlilariyla miicadelede kullanilma potansiyelleri her giin
artmaktadir. Ozellikle kimyasal ilaglardaki fiyat artislar1 da iiretici ve tiiketicileri alternatif ve yerli ¢oziimlere olan
ilgisini artirmaktadir. Diinya genelinde ¢ok sayida ticari diatom topragi preparati depolanmis tiriin zararlilariyla
miicadelede kullanilmasina karsin heniiz iilkemizde ruhsat almus bir preparat yoktur. Ulkemizde bulunan diatom
topragi rezervleri 6zellikle icecek ve yag sanayi kuruluslarinda filtre malzemesi ve katki maddesi olarak yogun bir
sekilde kullanilmasina ragmen yerel diatom topraklarinin depolanmis iiriin zararlilariyla miicadelede kullanilma
potansiyeli ile ilgili sinirli caligma mevcuttur. Celtik iizerinde kullanimda ise ticari preparatlarla rekabet edebilecek
etkinlikler bu ¢aligma ile belirlenmistir. Doganay (2013) yaptig1 ¢aligma da yerel diatom topragi kaynaklariin
tahil dirtinlerinde ticari ticari preparatlara benzer ve daha yiiksek etki gosterdigini bildirmistir. Celtik iizerinde; 7
giin uygulama siiresinde AGN-1 100 ppm, ACN-1 500 ppm ve Silicosec 1500 ppm ve {izeri konsantrasyonlarda,
14 giin uygulama siiresinde AGN-1 100 ppm, ACN-1 500 ppm, CCN-1 900 ppm, Silicosec 1500 ppm ve iizeri
konsantrasyonlarda, 21 giin uygulama siiresinde AGN-1 100 ppm, ACN-1 500 ppm, CCN-1, Silicosec ve FB2N-
1 900 ppm ve iizeri konsantrasyonlarda kullanilabilecegi ortaya konmustur. Yeni nesil ergin sayisina bakildiginda
yerel diatom topraklarinin etkinlikte 6n plana ¢ikarak uygulama sonrasinda yeni bdcek popiilasyonu gelisini
tamamen durdurabilmistir.

Ticari Silicosec preparatinda bu tam olarak saglanamamuistir. Yine yerel diatom topraklarindan FB2N1 ise tiim
diatom topraklarina gore yeni nesil ergin ¢ikisi en fazla olan preparat olmustur. Bu diatom kaynagini digerlerinde
aywran en onemli 6zellik Tablo 1.’de de goriilecegi lizere, % 92 SiO2 oram ile silisce en yiiksek diatom kaynagi
olmasinda kaynaklandigi disiiniilmektedir. Bu sonuglar ¢ok yiiksek silisyum oranina (<%90) sahip diatom
topraginin (FB2N-1) boceklere kars1 etkinliklerin diisiik olabilecegini gostermektedir. Dolayistyla yiiksek silisyum
dioksit igeren diatom topraklarmmin bocekler iizerindeki o6ldiriicii etkinliklerinde onemli bir faktor oldugu
belirlenmistir. Korunic ve ark. (1997) diatom topraklarinin insektisidal aktivitelerinin; diatom tiiriine, jeolojik ve
jeografik orijinine, ayni zamanda SiO2 igerigi, pH ve sikistirtlmis yogunlugu gibi 6zelliklerine bagli olarak dnemli
degisiklikler gosterdigini bildirmistir. Bu c¢aligma sonucunda elde edilen veriler 1518inda yerli Tiirk diatom
topraklarinin ticari preparatlar haline getirilmesi ve kullanilabilmeleri i¢in farkli kaynaklarin birlikte etkinliklerini
testlenmesi ve laboratuvar disinda gercek depo sartlarinda insektisit 6zelliklerinin degerlendirilmesi gerekmektedir.
Tiim bu ¢aligmalar sonuglandiktan sonra ancak etkili bir yerli diatom preparatin iiretilebilecegi, bitki koruma iiriin
ruhsati alabilecegi ve kullanilma potansiyeline sahip olabilecegi belirlenecektir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Ekmek Mayasi (Saccharomyces cerevisiae) Fabrika Artiklarindan Ham invertaz Enzimi
Uretimi

The Production of Crude Invertase From The By-products of Baker’s Yeast (Saccharomyces
cerevisiae) Factory

Nese OZDINC!, Hasan Murat VELIOGLU""

Oz

Invertaz enzimi iilkemizin disa bagimli oldugu gida katki maddelerinden bir tanesidir. Endiistriyel anlamda
invertaz enziminin kullanim alanlari; invert seker surubu liretimi, ¢ikolata iiretimi, frukto-oligosakkarit sentezi ve
bebek gidast tiretimi seklinde siralanabilir. Yerli kaynaklardan, diisiik maliyetle invertaz enzimi iiretimi konusunda
yapilacak caligmalar iilkemizin katki maddelerinde disa bagimliliginin azaltilmasma hizmet edecektir. Bu
calismada endiistriyel ekmek mayasi tiretiminde artik olarak agiga ¢ikan elekiistii mayadan ham enzim ekstrakti
iiretilmesi amaglanmistir. Elekiistii mayadan ekstrakte edilen ve ham enzim ekstrakti olarak tanimlanabilecek,
yiiksek invertaz aktivitesine sahip tiriin (i) plskdrtiilerek kurutulmus, (ii) liyofilize ve (iii) ham enzim ekstrakti
halinde aktivite 6l¢iimiine tabi tutularak (iv) ticari muadili ile karsilastirilmistir. Her 6rnek oncelikle sabit sicaklik
40°C ve 4-7 aras1 degisen pH degerlerinde enzim aktivitesi yoniinden incelenmistir. Bu analizler sonucunda
belirlenen optimum pH degeri sabit tutularak bu kez 30-65°C araliginda optimum caligma sicakliginin belirlenmesi
denemeleri yiiriitiilmiistiir. Yapilan caligmalara gore sicakligin sabit tutuldugu pH denemelerinde, tiim iiriinlerde
optimum pH 4.5 olarak tespit edilmistir. pH degerinin optimize edilmesinin ardindan gergeklestirilen sicaklik
optimizasyonu ¢aligmasinda ise ham enzim ekstraktinin en yiiksek invertaz aktivitesi gosterdigi sicaklik 40°C
olarak tespit edilmistir. Optimum sicaklik ve pH degerlerinde yapilan aktivite 6l¢iimleri sonucunda, ticari invertaz
enziminde 3.30 U/mL, piiskiirtmeli kurutucudan elde edilen iiriinde 2.90 U/mL, liyofilize iiriinde 2.93 U/mL ve
son olarak ham enzim ekstraktinda 1.73 U/mL invertaz aktivite degerleri bulunmustur. Veriler incelendiginde
60°C {izerindeki sicakliklarin ve pH 5 degeri lizerindeki pH seviyelerinin enzim aktivitesini olumsuz etkiledigi
gozlenmistir. Calisma sonucunda endiistride artik olarak degerlendirilen ve genelde hayvan yemi olarak oldukca
ucuz fiyata satist yapilan artik bir maddenin enzim kaynagi olarak kullanilabilme potansiyeline sahip oldugu
anlagilmistir.
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Abstract

Invertase enzyme is one of the food additives that our country is dependent on foreign sources. Industrial usage
areas of invertase enzyme are invert sugar syrup production, chocolate production, fructo-oligosaccharide
synthesis and baby food production. Studies on the production of invertase enzyme from domestic sources at low
cost will serve to reduce the foreign dependency of our country in additives. In the present study, the production
possibility of invertase enzyme from sieve residue yeast, by-product of baker’s yeast (Saccharomyces cerevisiae)
factory, was investigated. Crude enzyme extracts obtained from sieve residue yeast (i) spray dried, (ii) lyophilized
and (iii) collected in aqueous form were compared with (iv) industrial invertase enzyme sample in terms of
enzymatic activity. Every sample was analyzed for enzymatic activity at constant temperature (40°C) and at
different pH values between 4 and 7 in order to find out the optimum pH value for highest enzymatic activity.
Then, the pH value was kept constant at optimum value and the enzymatic activity was determined at different
temperature levels between 30- 65°C. Optimum pH value was determined as 4.5 for all samples and the enzymatic
activity was found as 3.30, 2.90, 2.93 and 1.73 U/mL for industrial invertase enzyme, spray dried, lyophilized and
aqueous extract, respectively. The analysis at optimum pH of 4.5 and at different temperatures showed that the
highest enzymatic activity was screened at 40°C for all samples. Additionally, there was a significant loss of
enzymatic activity over 60°C for all samples. Finally, the study showed that sieve residue yeast has a usage
potential in invertase production. While this by-product is sold at low price for animal feeding purposes, advanced
purification techniques can be used to create value-added product in this sector.

Keywords: Baker’s yeast, Invertase, Enyzme Activity, Optimization, Characterization
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1. Giris

Kimyasal tepkimelerin hizin1 arttiran biyomolekiillere enzim adi verilmektedir. Enzimler, kimyasal
tepkimeleri koordine eden protein yapisinda olan biyolojik katalizorlerdir. (Garret ve ark. 1999). Kimyasal
tepkimenin baslangicinda enzimlerin etki ettigi maddeler substrat, tepkime sonucu olarak artan ve aciga ¢ikan
madde de {irlin olarak adlandirilir.

Enzimlerin mikroorganizma, bitki ve hayvanlarin canli hiicreleri tarafindan sentezlendigi bilinmektedir.
Yasam igin gerekli (elzem) olan enzimler, in vivo (hiicre iginde) ve in vitro (hiicre diginda) kosullarda aktivite
gosterirler.

Enzimler, endiistride kullanilan kimyasal katalizorlerle kiyaslandiginda kullanimi oldukga kolay ajanlar olup,
yiiksek katalitik etkinlikleri ve sahip olduklar1 spesifik o6zellikleriyle 6ne g¢ikmaktadir. Enzimler substrat
ozgiilliigiine sahip olmasindan dolayi, tek bir son iiriin olusumunu saglamakta ve gereksiz yan iiriiniin olusmasini
da engellemektedir. Bu durumda, yiiksek tepkime verimi saglamasindan dolayi iiretim maliyetini diisiirmektedir.
Cevre boyutuna bakilirsa, enzimlerin protein yapiya sahip olmalar biyolojik olarak bozunabilmelerine imkan tanir,
boylelikle artik yonetimini kolaylastirir (Krajewska, 2003; Achle, 2004; Kasavi, 2006; Oz¢omlekgi 2006).

Invertaz (-fruktofuranozidaz, E.C 3.2.1.26) enzimi, sakkarozun friiktoz ve glukoza cevrilmesinde kullanilan
biyolojik katalizordiir. {lk olarak kesfedilen enzimler arasinda olan invertaz, ekmek mayasindan izole edilmistir.
Invertaz enzimi kimligi belirlenen proteinler arasinda en &nemli enzimlerden birisidir. Enzim kinetiginin
prensiplerinin ¢ikartilmasinda kullanilmistir (Michaelis ve Menten, 1913).

Tarimsal iiretim ve gida endiistrisinde invertaz enzimi kullanimi yaygindir, bunlara 6rnek olarak; sekerleme
sanayiinde uygulamalar, ekmekgilik sektorii uygulamalari, seker kamigi melasinin etanole fermantasyonu, invert
seker suruplarinin hazirlanmasi, silaj tiretimi verilebilir (Polat ve ark., 2005; Velioglu ve Celikyurt, 2016).
Literatiir incelendiginde proteinler ve enzimlerin saflastirilmasi, farkli enzimlerin aktivitelerinin hesaplanmasi,
enzimlerin izolasyonu ve saflastirilmasi konusundaki caligmalar olduk¢a dikkat cekicidir. Son yillarda farkli
kaynaklardan enzim eldesi, artik ve atiklarin geri kazanimi yoluyla enzim {iretimi konularinda yapilan bilimsel
calismalarin sayist artmistir. Ulkemizde endiistriyel gida iiretiminde ortaya gikan artiklarin degerlendirilmesi ve
yeniden ekonomiye kazandirilmasi konusunda yapilacak galismalara ihtiya¢ duyulmaktadir. Diinyanin en biiyiik
ekmek mayasi iireticilerinden olan iilkemizde bu sektoriin artiklar1 konusunda yapilan ¢alismalar oldukga sinirlidir.
Bu ¢alismada, maya fabrikasi artig1 elek iistii mayadan elde edilen piiskiirtiilerek kurutulmus, liyofilize edilmis,
ham enzim ekstrakti ve ticari enzim formlar1 kullanilarak farkli sicaklik ve pH araliklar1 denenerek invertaz aktivite
tayini yapilmasi hedeflenmistir. Elde edilen sonuglarin endiistriyel bir artifin yeniden degerlendirilmesi
konusunda yeni veriler saglayabilecegi ongoriilmiistiir.

2. Materyal ve Metot

Calisma kapsaminda invertaz enziminin elde edilecegi hammadde olarak kullanilan elekiistii maya, ekmek mayasi
(Sacchoromyces cerevisia) tiretimi gerceklestiren Lesaffre Turquie A.S fabrikasindan temin edilmistir. Calisma
kapsaminda karsilagtirma amaciyla kullanilan ticari toz invertaz enzimi yerel bir tedarik¢iden temin edilmistir.

2.1. Elekiistiit Mayamin Hidroliz Islemi

Temin edilen elekiistii maya topaklanmis halde oldugundan havanda toz hale getirilmistir. Ultrasonikasyon
oncesi drnegin ¢ozdiiriilmesinde kullanilacak pH 7.6’lik 50 mM sodyum fosfat tamponu, 8.9 g Na,HPO4 * 2H>0O
1000 mL saf su igerisinde ¢oziilerek hazirlanmis ve pH degeri 1 N HCl ve 1 N NaOH kullanilarak sabitlenmistir.

10 g 6rnek tizerine 500 mL saf su eklenerek manyetik karistiricida 15 d boyunca tam bir ¢dzlinme saglanacak
sekilde karistirilmistir. Homojen hale gelen sivi karisimdan 250 mL alinarak ayri bir kapta 250 mL tampon ¢ozelti
ile karigtirtlmustir. Ultrasonikatdr (Q Sonica, Q125, LLC, NY, ABD) ile 20 KHz frekansta 10 s siireli 8 tekrarda
parcalanan hiicre yapisindan salinan proteince yogun sivi kismin ortamdan toplanmasi i¢in santrifiij agamasina
gecilmistir. Karigimdan 50 mL’lik falkon tiiplerine aktarilan 6rnekler 10000 rpm’de 10 d boyunca oda sicakliginda
santrifiijlenmistir (Sigma, 3-18K, Almanya). Protein ve enzim agisindan zengin olan, ham enzim ekstrakti olarak
kabul edilen siipernatant falkon tiiplerinden agz1 kapali cam kaplara aktarilarak ileri analizler yapilincaya dek
buzdolab1 sicakliginda muhafaza edilmistir.
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2.2. Piiskiirterek Kurutma

Piiskiirterek kurutma, sivi Orneklerin sicak hava ortamina piiskiirtiilmesiyle 6rnegin icindeki suyun
evaporasyonu sonucunda toz halde elde edilmesine dayanan islemdir. Piiskiirtiilen 6rnek emiilsiyon, siispansiyon
veya soliisyon halinde olabilir. Elde edilen {iriin de graniil yapil1 ya da partikiil halinde olabilir. Sonug olarak elde
edilen {irliniin formu, verilen soliisyonun 6zelliklerine gore ve kurutucunun dizaynina gore degigmektedir.

Ultrasonikasyon ve santrifiigasyon sonrasi elde edilen ham enzim ekstrakti piiskiirtmeli kurutucu (Biichi mini
spray dry, B-290, Isvicre) kullanilarak, giris sicaklig 90°C, ¢ikis sicakligi 53°C, emis giicii %97, %20 vakum giicii
ile kontrollii takip edilerek 6rnek toz hale getirilmistir. Enzim aktivitesi ¢aligmalarinda kullanilmaya yetecek bir
miktar toplanana dek tekrar edilen kurutma iglemi neticesinde yaklasik 10 g toz ornek agzi kapali saklama
kaplarinda buzdolabi kosullarinda ileriki analizlere kadar muhafaza edilmistir.

2.3. Dondurarak Kurutma

Dondurarak kurutma (liyofilizasyon) siispansiyon halde veya ¢6zelti halinde bulunan iiriinlerin dondurulmasi
ve sonrasinda siiblimasyon yoluyla gaz fazinin uzaklastirilmasi yontemine dayali bir iglemdir. Bu asamada tiriinler
kat1 halden s1v1 faza gegmeden diisiik basinca maruz kalarak kurutulmaktadir.

Ultrasonikasyon ve santrifiigasyon sonrasi elde edilen ham enzim ekstrakti liyofilizator (Christ, Alpha 2-4 LD
Plus, Almanya) kullanilarak toz hale getirilmistir. Ornekte su miktarinin yiiksek olmasi dolay1 liyofilizasyon iglemi
neticesinde yar1 yapiskan kati iiriin elde edilmistir. Elde edilen {iriin buzdolab1 kosullarinda ileriki analizler igin
muhafaza edilmistir.

2.4. Invertaz Aktivite Tayini

Calismada invertaz enzim aktivitesi belirlemek ve elde edilen ham enzim ekstraktinin ticari muadili ile
karsilagtirmasini yapmak amaciyla titrasyon yontemi kullanilmigtir. Titrasyon yontemiyle elde edilen sonuglar
elekiistii mayada invertaz varligini ortaya koymak amaciyla kullanilmistir. Ham enzim ekstrakti (i), piiskiirtiilerek
kurutulmus (ii), liyofilize edilmis (iii), ve ticari olarak temin edilmis (iv) drnekler invertaz aktivitesi agisindan
degerlendirilmistir.

Titrasyon metodu ile enzim aktivite tayini i¢in, invertaz enziminin optimum caligma sicaklig1 olan 40°C’de
pH araliklar1 4-7 arasinda degisiklikler yapilarak aktivite 6l¢limiine alinmistir. Ardindan, ilk asamada belirlenen
optimum pH’da sicaklik 30-65°C arasinda degistirilerek aktivite Ol¢lilmiistir. Calismada analiz sirasinda
kullanilacak olan kimyasallar, titrasyon metodu ile enzim aktivite tayinine gore hazirlanmstir.

Yapilan invertaz aktivitesi hesaplanmasi asagidaki esitlik 1° e gore yapilmistir.
Hacim aktivitesi(u/mL) = Atitre (b — t) X F X df 0,600 X Vs = Atitre X F x 1,66 X df (Es.1)

U: Unit

mL :Mililitre

Atitre: Titrasyon Farki

b: Kor

t: Test

F: Konstrasyon Faktorii

df: Diliisyon Farki

0,600: 50 mM Na Titrasyon Farki
1,66: Sabit

Vs: Ornek Hacmi

2.5 Istatistik Analiz

Elde edilen verilerin istatistiksel degerlendirmeleri SPSS 22.0 paket programinda tek y6nlii varyans analizi
(one way-ANOVA) ile gerceklestirilmistir. Analiz sonucu ¢ikan ortalamalar arasindaki farklilik, Duncan’s ¢coklu
karsilastirma testi ile P<0.05 diizeyinde test edilmistir.
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3. Arastirma Sonuclar1 ve Tartisma
3.1. Ham Enzim Eldesi

On hazirlik asamalar1 dikkate alindiginda, ultrasonikasyon sonrasi santrifiije alinan 1000 mL ¢ézelti igerisinde 10
g elekiistii maya bulunmaktadir. Piiskiirtmeli kurutucuya beslenen 1000 mL siipernatanttan 2 g toz halde ham enzim
elde edilmis olup verim %20 olarak hesaplanmustir. Ikinci ydntem olan liyofilizasyonda ise cihaza konan 1000 mL
stipernatanttan yaklasik 6 g yar1 yapiskan halde ham enzim elde edilmistir. Kuru madde analizi de yapilan bu iiriinde
verimin prosesin tamami i¢in %18 oldugu goriilmiistiir. Ham enzim ektrakti olarak kullanilan siipernatant i¢in herhangi
bir verim hesabi yapilmamistir. Her ne kadar ileri saflagtirma basamaklari ile bu verimin bir miktar daha diisecegi
kabul edilse de proses edilen her 100 g elekiistii mayadan yaklagik 20 g ham enzim elde edilebilecegi anlagilmaktadir.

3.2. Invertaz Aktivite Tayini

Calisma kapsaminda aktivite tayini modifiye Fehling-Lehmann-Schoorl metodu kullanilarak yapilmistir
(Yamamoto ve ark. 1957). Titrasyon temelli bu metodda elde edilen aktivite dakikada bir mikromol sakkarozu
hidrolize edebilen enzim aktivitesi olan birime esittir. Bu metod kullanilarak; sicaklik 40°C’de sabit tutulup 4-7
arasinda degistirilen pH degerleri ve tespit edilen optimum pH kullanilarak 30-65°C’de denemeler yapilmistir.

3.2.1. Sabit Sicaklik Degisen pH Degerlerinde Enzim Aktivite Tayini

Enzimler, protein yapisinda bulunduklarindan yiiksek sicaklik enzimlerin yapisina ve aktivitesinin hesaplanmasina
olumsuz sonug gostermektedir. Bu sebepten yapilan aragtirmalarda invertazin optimum aktivite gdsterdigi sicaklik 40-
45°C olarak verilmistir (Jones ve ark. 1970; Mensonides ve ark. 2014). Calismamizda sicaklik sabit tutulup, pH
denemeleri i¢in yapilan analizde sicaklik 40°C olarak secilmistir. Calisma neticesinde elde edilen sonuglar Tablo 1’de

sunulmustur.
Tablo 1. Degisen pH degerlerinde enzim aktiviteleri
Table 1. Enzyme activities at different pH levels
n Enzim aktivitesi (U/mL)*
P Ticari Piiskiirtiilerek kurutulmus Liyofilize Ham ekstrakt
4.0 2.90+0.05° 2.33+0.03° 1.9340.03° 1.45+0.05°
4.5 3.33+0.03° 2.90+0.05° 2.934+0.03° 1.734£0.03?
5.0 2.60+0.00¢ 1.73+0.03¢ 1.3440.02¢ 0.96+0.01°
5.5 1.73+0.03¢ 0.85+0.05¢ 0.85+0.05¢ 0.96+0.01°¢
6.0 1.7340.03¢ 0.48+0.08° 0.454+0.05¢ 0.45+0.05¢
6.5 0.96+0.01F 0.48+0.08° 0.434+0.08° 0.43+0.08¢
7.0 1.4540.00° 0.48+0.08° 0.434+0.08° 0.48+0.08¢

*Tablodaki enzim aktivitesi degerleri ortalama#standart hata olarak verilmistir. Aym siitunda farkl st indisle gosterilen degerler
istatistiki olarak birbirinden farklidir (P<0.05).

Tablo I incelendiginde, ortam pH degerindeki degisimin 4 drnek i¢in de enzim aktivite degerini dnemli (P<0.05)
sekilde degistirdigi gorlilmektedir. pH 4.5 degeri her 6rnek i¢in en yiiksek aktivitenin tespit edildigi deger olarak dne
¢ikmaktadir. Enzimatik aktivitenin pH degerine bagh degisimi Sekil 1’de gorsel olarak daha anlagilir olmaktadir.

Sekil I’de sicakligin 40°C’de sabit tutulan ve pH araliklar1 4-7 arasinda degistirilen iiriinlerin invertaz aktivite
degerleri verilmistir. Ticari invertaz (Sekil /a) enziminin sonuglarma bakildiginda, piyasadan satin alinan Tito marka
ticari invertaz enzimin prosediire gore invertaz aktivite degerleri verilmistir. 40°C’de optimum pH 4.5’ta 3.30 U/mL,
pH 6.5’ta ise en diisiik aktivite degeri 0.96 U/mL olarak bulunmustur. Piiskiirterek kurutulmus (Sekil 1) 6rekten elde
edilen sonuglar incelendiginde, sicaklik yeniden 40°C’de sabit tutulup optimum aktivitenin bulundugu pH degeri 4.5
invertaz aktivite degeri 2.90 U/mL bulunurken, en diisiik aktivitenin hesaplandigi pH degerleri 6/6.5 ve 7 olarak
goriilmektedir. Liyofilize (Sekil 1c) iirliniinden verilen invertaz aktivite degerine gére optimum pH yeniden 4.5 olarak
tespit edilirken, bulunan deger ise 2.91 U/mL olarak goériilmektedir. Buna karsilik en diisiik aktivitenin gorildigii pH
degeri 7 iken, buradaki aktivite degeri 0.43 U/mL olarak goriilmektedir.

Son olarak ham enzim ekstrakti (Sekil 1d) invertaz aktivitesine bakildiginda optimum pH 4.5 ve degeri 1.73 iken,
en diisiik aktivite pH 6.5°ta 0.43 U/mL olarak hesaplanmustir. invertaz aktivitesi hesaplanan tiim drneklere bakildiginda,
tiim 6rneklerin 6l¢iimiinde bulunan optimum pH degeri 4.5 olarak bulunmustur. Dolasiyla bir sonraki deneme olan
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optimum pH degeri 4.5 kullanilarak, 30-70°C arasi sicakliklarm denemesi yapilmistir.
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Figure 1. Temperature 40°C, 4-7 pH experiment results of different samples
Sekil 1. Farkli orneklerin sicaklik 40°C, 4-7 pH deneme sonuclart

3.2.2. Optimum pH Degisen Sicaklik Degerlerinde Enzim Aktivite Tayini

Sicakligin sabit tutuldugu, optimum pH araliginda en iyi aktivite sonucunu veren pH ilk aktivite 6lgiimiinde
hesaplanmistir. Optimum pH kullanilarak sicaklik denemeleri yapilmustir. Sicakliklar 30 ile 65°C arast degisen su

banyosu ayarlanarak invertaz aktivitesi hesaplanmstir. 7ablo 2°de sunulan analiz sonuglar1 incelendiginde, daha once

atif yapilan literature uyumlu sekilde 4 6rnek igin de en yiiksek enzim aktivitesinin 40°C seviyesinde tespit edildigi ve
sicakligin enzim aktivitesi lizerinde 6nemli (P<0.05) etkiye sahip oldugu anlagilmaktadir. Enzim aktivitesinin
sicaklikla degisimi Sekil 2’de gorsel olarak ifade edilmistir.

Tablo 2. Degisen sicakhk degerlerinde enzim aktiviteleri

Table 2. Enzyme activities at different temperature levels

Sicaklik Enzim aktivitesi (U/mL)*

(°O) Ticari Piiskiirtiilerek kurutulmus Liyofilize Ham ekstrakt
30 1.65+0.05° 1.0540.05° 1.40+0.00° 0.85+0.05¢
35 1.30+0.00¢ 1.05+0.05° 0.96+0.01¢ 0.8540.05¢
40 3.30+0.20° 2.90+0.05* 2.90+0.00° 1.734£0.03?
45 1.60+0.00° 0.50+0.00°¢ 0.96+0.01¢ 1.0340.03°
50 0.85+0.05¢ 0.28+0.03¢ 0.55+0.05¢ 0.65+0.05¢
55 0.43+0.08° 0.33+0.03¢ 0.31+0.01°¢ 0.50+0.05¢
60 0.65+0.00%¢ 0.50+0.05¢ 0.2540.00¢ 0.25+0.00f
65 0.43+0.08° 0.50+0.05¢ 0.28+0.03¢ 0.28+0.03f

*Tablodaki enzim aktivitesi degerleri ortalamaz*standart hata olarak verilmistir. Ayni siitunda farkli iist indisle gosterilen degerler istatistiki
olarak birbirinden farklidir (P<0.05).
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Figure 2. Trial vesults of different samples at optimum pH and temperature 30 to 70°C

Sekil 2. Farkli orneklerin optimum pH ile sicaklik 30 ile 70°C deneme sonuglart

Sekil 2°de optimum pH 4.5 kullanilarak sicakligin 30-65°C aras1 denenmis invertaz aktivite sonuglart verilmistir.
Sicakliklar tek tek incelendiginde, en yiiksek invertaz aktivitesinin optimum oldugu sicakligin 40°C oldugu
goriilmektedir. Bu sicakligi takiben 30 ve 45°C noktalarinda da optimuma yakin degerler elde edilmistir. En diigiik
invertaz aktivitesinin goriiliigl sicaklik degeri 65°C oldugu sdylenebilir. Elde edilen 4 farkl {iriiniin, invertaz aktivite
degerine bakildiginda; ticari invertazin (Sekil 2a) optimum pH’da ve optimum sicaklik olan 40°C’de aktivite degeri
3.30 U/mL’dir. En diisiik aktivitenin goriildiigii sicaklik 55 ve 65°C olup, aktivite degerleri 0.43 U/mL dir. Piiskiirterek
kurutulmus (Sekil 2b) Srnegin optimum pH’da ve 40°C’de aktivite degerinin 2.90 U/mLolarak bulundugu
goriilmektedir. En diisiik aktivite 50°C’de okunan 0.28 U/mL degeridir. Liyofilize (Sekil 2c) edilen 6rnegin optimum
pH ve optimum sicaklikta aktivite degeri 2.91 U/mL olarak bulunmustur. En diisiik aktiviye sahip olan sicaklik degeri
65°C olup, aktivitesi 0.25 u/ ml olarak hesaplanmistir. Son {iriin olan ham enzim ekstraktina (Sekil 2d) bakildiginda
optimum pH ve optimum sicaklik degerinde aktivitenin en yiiksek degeri 1.73 U/mL’dir. 60-65°C sicaklarma
baktigimizda iki sicaklik degerinde aktivitenin diisiik oldugu goriilmekte olup, aktivite degeri 0.25 U/mL olarak tespit
edilmistir.

Endiistride kullamlan invertaz enziminin yerli kaynaklar kullamlarak diisiik maliyetli iiretimi iilkemizin disa
bagimliligin azaltacak potansiyele sahip bir arastirma alamidir. Invertaz enzimi birgok ¢alismada model enzim olarak
kullamilmis ve farkli kaynaklardan eldesi basartyla gergeklestirilmistir. Bu enzimin karakterizasyonu da literatiirde
basarili bir sekilde yapilmis durumdadir. Ancak yapilan ¢aligmalar incelendiginde bitkiler ve mikroorganizmalarin
kaynak olarak kullanildig1 ve dolayisiyla bu canlilarin kontrollii sartlarda gelistirilerek enzim tiretiminin saglandigi
goriilmektedir. Karkas (2009) tarafindan yapilan ¢alismada Saccharomyces cerevisiae’den ekstrakte edilerek
saflagtirilan invertaz enziminin endiistride rahatlikla kullanilabilecek oOzelliklere sahip oldugu gosterilmistir.
Mikrobiyal invertaz iiretiminin denendigi ve kaynak mikroorganizma olarak Aspergillus oryzae’nin kullamldig1 bir
calismada aktivite geri kazammmi %50 seviyesinde kalmistir (Dhananjay ve Mulimani, 2008). Yapilan bir diger
calismada ak dut meyvesinden ekstrakte edilen bitkisel kaynakli invertazin ham hali ile 4.01 U/mg spesifik aktiviteye
sahip oldugu ortaya konmus olup ileri saflagtirma teknikleri ile bu aktivitenin yaklasik 5 kat arttig1 ifade edilmistir
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(Sahin, 2015). Yine bitki kaynakli invertaz tiretimi ¢alismasinda enzim kaynagi olarak domates kullanilmis olup
arastirmaci tarafindan bildirilen spesifik aktivite degeri saf enzim i¢in 31 U/mg seviyesindedir (Yiicekan, 2008).
Patatesten invertaz eldesine yonelik yapilan bir ¢aligmada ise saflastirilan enzimin kinetik 6zellikleri arastirilmis olup
bitkiden enzim geri kazanim oraninin oldukga yiiksek oldugu bildirilmistir

Ekmek mayasi olarak da bilinen ve iilkemizde basaril bir sekilde ticari iiretimi yapilan S.cerevisiae iyi bir invertaz
tireticisidir. Ancak ekmekgilikte mayanin bu zelliginden ziyade ortamda amilaz (digaridan una eklenen veya dogal
olarak bulunan) tarafindan olusturulan basit sekerleri kullanarak CO: olusturma yetenegi dikkate alinmaktadir.
S.cerevisiae “bulk” halinde {iretilmesi sirasmnda dogal olarak hiicre icinde invertaz enzimi iiretmektedir. [leri
asamalarda {riinlin yas, kuru veya instant ekmek mayasina doniistiiriilmesinde de bu enzim hiicre yapisinda
kalmaktadir. Ancak kuru maya iiretiminin bir agamast olan, sulu ortamdaki ekmek mayasinin kurutulmasi sirasinda,
kurutucu tamburlarm eleklerinden gegemeyen veya topaklanan mayalar son iiriin agamasina ulagamadan sistemden
ayrilmakta ve “elekiistii maya” adiyla artik olarak islem gérmektedir. Bu artik iiriinde “maya aktivitesinin” diisiik
oldugu, paketlemede soruna yol agti81 ve markete sevk edilemeyecegi kabul edildiginden bazi durumlarda imha yoluna
gidilmekte, baz1 durumlarda da ¢ok diisiik bir bedelle hayvan yemi {ireticilerine satisi yapilmaktadir. Bu ¢alismadan
elde edilen verilerin literatiirde bildirilen invertaz aktivite degerlerinden bazilarina yakin oldugu goriilmekle beraber,
ileri saflagtirma halinde invertaz iiretiminin bu hammaddeden miimkiin olabilecegi diisiiniilmektedir.

4.Sonucg

Elekiistii mayadan 3 farkl yolla elde edilen ham enzimlerin ticari muadili ile karsilastirilmasi yapilmistir. Bu
iiriinlerdeki aktivitelerin ticari enzimde bulunan aktiviteden diisiik oldugu gézlenmistir. Ancak ulasilan sonuglarin
literatiir ile uyumlu oldugu ve elekiistii mayanin invertaz kaynagi olarak kullanim potansiyeline sahip oldugu
diistiniilmektedir. Yapilan calismada elde edilen verilerin 1s1ginda daha ileri saflastirm ve karakterizasyon
basamaklar1 igeren galigmalarin yapilabilecegi dngériilmektedir. Artik olarak degerlendirilen bir {irliniin katma
degeri yiiksek baska bir irline doniistiiriilmesi yoniinde 6nemli sonuglara ulasilan bu ¢alismanin invertaz enziminin
endiistriyel tiretiminde fayda saglayabilecegi diisiiniilmektedir.
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