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ARASTIRMA MAKALESI RESEARCH ARTICLE

Return and Volatility Connectedness in Electronic Warehouse Receipt Market of
Turkey

Tiirkiye’nin Elektronik Uriin Senedi Piyasasinda Getiri ve Volatilite Baglantililig1

Turker Acikgoz!*
Abstract

Over the course of the last century, globalization and integration have increased significantly around the world.
The rise in economic and financial globalization and integration has increased the connectedness between national
economies and financial markets and secured an important place in the systemic risk spillover. It is important to
analyze the issue in terms of different markets. Food prices around the world have increased significantly over the
last 20 years. The price and volatility increase associated with food products lead to important socioeconomic and
social problems. In this context, it will be important for decision-makers to assess the issue from the perspective
of financial markets and to understand and reveal the dynamic structure of food commodity markets. This study
aims to examine the connectedness of return and volatility in the Electronic Warehouse Receipt (EWR) market,
where agricultural commodities are traded in Turkey, and to analyze its dynamic structure that changes over time.
In this study, the Diebold-Yilmaz connectedness measurement method based on the forecast error variance
decomposition after the VAR (p) model was used to analyze the connectedness between financial assets.
According to the results of the static analysis performed, it was observed that while the return connectedness in
the EWR market is very low, the volatility connectedness is at a higher level than the return connectedness. Based
on the results of the dynamic analysis, no trend was observed in return connectedness; however, rapid increases
and decreases were observed for certain periods. On the other hand, while an increasing trend was observed in the
dynamic analysis of volatility connectedness, sudden increases and decreases were observed during periods of
crisis. Of all agricultural commaodities, it was observed that barley was the asset that sent the most net shock into
the system. The EWR market in Turkey has come up recently. The market's structure, dynamics, and
synchronization with other markets are still at a low level. The spillover effect of return and volatility shocks in
the market are also low. The findings of this study can be used by producers, financial market participants and
various decision makers for risk management, hedging and profit maximization purposes.

Keywords: Financial connectedness, Electronic warehouse receipts, Agricultural commodity market, Agricultural finance,
Food prices volatility.

*Sorumlu Yazar/Corresponding Author: Turker Acikgoz, Baskent University, Faculty of Economics and Administrative Sciences, Ankara, Turkey. E-mail:
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Oz

Diinyada son yiizyildan bu yana kiiresellesme ve entegrasyon ciddi oranda yiikselmistir. Ekonomik ve finansal
kiiresellesme ve entegrasyondaki artis tilke ekonomileri ve finansal piyasalar arasindaki baglantililifi artirmakta
ve sistematik riskin yayilmasinda 6nemli bir yer tutmaktadir. Konunun farkli piyasalar 6zelinde incelenmesi 6nem
arz etmektedir. Diinyada gida fiyatlar1 son 20 yilda 6nemli oranda artmigtir. Gida iiriinlerinde yaganan fiyat ve
volatilite artiglart dnemli sosyoekonomik ve toplumsal sorunlari da beraberinde getirmektedir. Bu baglamda
konuya finansal piyasalar agisindan bakmak ve gida emtia piyasalarinin dinamik yapisin1 anlamak ve ortaya
koymak karar alicilar agisindan 6nemli olacaktir. Bu hedefle ¢alismanin amaci Tiirkiye’de gida emtialarinin iglem
gordiigii Elektronik Uriin Senedi (ELUS) piyasasinda getiri ve getiri volatilitesi baglantililiginin incelenmesi ve
zamanla degisen dinamik yapisinin analizidir. Caligmada finansal varliklar arasindaki baglantililigin analizinde
VAR (p) modeli sonrasi tahmin hata varyans ayristirmasina dayali Diebold-Y1lmaz baglantililik 6l¢iimii yontemi
kullanilmistir. Gergeklestirilen statik analiz sonuclarina gére ELUS piyasasinda getiri baglantililiginin oldukca
diisiik diizeyde iken volatilite baglantililiginin getiri baglantililigina nazaran daha yiiksek diizeyde var oldugu
goriilmiistiir. Dinamik analiz sonucunda getiri baglantililiginda herhangi bir trend goériilmemis, fakat belirli
donemlerde hizli yiikselisler ve diisiisler goriilmektedir. Volatilite baglantililiginin dinamik analizinde ise yiikselen
bir trend goriilmekle birlikte kriz ddnemlerinde ani yiikselis ve diisiisler goriilmiistiir. Tiim gida emtialari i¢erisinde
sisteme en ¢ok net sok yayan varligm arpa oldugu goriilmiistiir. Tiirkiye’de ELUS piyasas1 oldukg¢a yakmn bir
geemise sahiptir. Piyasanin yapisi, dinamikleri ve diger piyasalarla senkronizasyonu heniiz diisiik seviyededir.
Piyasadaki getiri ve getiri volatilitesi soklarmin yayilma etkisi heniiz diisiik diizeydedir. Bu ¢aligmanin bulgulari,
treticiler, finansal piyasa katilimcilari ve gesitli karar alicilar tarafindan, risk yonetimi, hedge ve kar
maksimizasyonu amaglariyla kullanilabilir.

Anahtar Kelimeler: Finansal baglantililik, Elektronik iiriin senedi, Gida emtia piyasasi, Tarim finansmani, Gida Fiyatlar
volatilitesi
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1. Introduction

The increase in the world population in the last century has reached inconceivable levels. The world population
was 2.58 billion in 1951, and this figure has risen to 7.79 billion in 2020 (Worldometer, 2021). There has been a
200% increase in the world population within a period of only 70 years. This increase in the world population
carries two important problems, namely, poverty and feeding the population. It is possible that the increase in the
world population will support economic growth and development since the workforce will increase. However, in
this case, it is necessary to solve the main problems brought along by population growth.

On the other hand, global food prices have been in an upward trend since the beginning of the 2000s. As of
2021, food prices in the world have increased by 126% in the last 20 years (FAO, 2021). Global warming and
climate change, rise in oil prices, increase in population (Agizan ve Bayramoglu, 2021), and the consequent
increase in demand (Negis et al., 2017) are among the most important reasons for the rise in global food prices
(Chen et al., 2010).

FAO World Food Price Index (2000-2021)
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Figure 1. World food price index

The ongoing COVID-19 pandemic has led to a significant increase in global food prices. Since the beginning
of the pandemic, many causes such as labor shortage and increase in demand due to reasons such as movement
restrictions and pandemic measures, restrictions on global trade, and difficulty of people to access food products
have led to serious increases and volatility in food prices (Laborde et al., 2020).

In this context, assessing the situation from the perspective of financial markets to understand the food prices
that have increased since the beginning of 2000 and galloped during the COVID-19 period and the problems
caused by the pandemic will contribute to the policy-making process of the stakeholders and decision-makers
concerning this issue.

An important market where agricultural products are traded in Turkey is the Turkish Mercantile Exchange
(TURIB). The TURIB, an organized market where securitized agricultural products are bought and sold in Turkey,
was established in June 2018. The traded assets in TURIB are electronic warehouse receipts (EWRs), which is a
new product for the Turkish financial markets and has emerged because of the securitization of agricultural
products. The concept of warehouse receipts has been included in the literature for a long time. The warehouse
receipts are defined as a valuable security that can be given as a guarantee, which is prepared by examining the
class and standard of the products received by the warehouse in return for the agricultural products delivered to
the licensed warehouses and represents product ownership (Cayir, 2019). These warehouse receipts can be issued
and endorsed to name or order. On the other hand, EWRs refer to the electronic registration and storage transactions,
which are created in accordance with the procedures and principles determined by the electronic registry agency
and the Ministry of Commerce in return for agricultural products delivered to licensed warehouses (Cayir, 2019).
EWRs are a type of securitized assets that enable the electronic recording of product securities and easy trading in
financial markets.
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The securitization of agricultural products as EWRs has several benefits. Some of these benefits can be listed
as follows (Cayir, 2019):

e The classification of agricultural products as a financial asset increases their liquidity and turns them into
a financial investment tool (Aydin, 2021). Thus, this classification creates an alternative investment tool
and financing option within the scope of interest-free finance.

e EWRs are accepted as collateral by banks. Thus, it is possible for the farmer to access easy financing.

e The products are classified according to certain quality and standards by the markets where they are traded
(TURIB). This classification makes important contributions to the buying and selling of products.

o Keeping the record of the product electronically and trading it in an organized market increases its
liquidity and accelerates the financial transactions of agricultural products.

e Takasbank uses the international numbering system (ISIN — International Securities Identification
Number) in the electronic classification of EWR products. Thus, EWRs issued by domestic licensed
warehouses can be traded in financial markets around the worldwide.

It is important for developing agricultural commodity markets to understand and analyze the structure and
dynamics of TURIB and EWRs. For this reason, in this study, the interactions of EWRs, whose underlying assets
are wheat (durum wheat), barley, and corn, with return and volatility spillovers, are analyzed. These three products
are chosen because they have been traded for the longest time without any interruption. For this purpose, we
empirically investigate the connectedness and spillover effects of return and volatility shocks in the market.

Connectedness measurement and investigation of spillover effects are a type of analysis that has gained
popularity in the literature on finance and economics recently. Developed by Diebold and Yilmaz (2009, 2012,
2014) and referred to by the same name, the Diebold-Yilmaz connectedness measurement (also known as the
Diebold-Yilmaz spillover index) is mainly focused on measuring financial and macroeconomic connectedness.
While the focus of financial connectedness is measuring the connectedness and spillover effects between different
financial markets or financial products, macroeconomic connectedness generally concentrates on how shocks in
different macroeconomic indicators, such as industrial production index, economic growth, unemployment, and
inflation, expand through the countries and the spillover effects of international economic fluctuations.

Based on the studies of Diebold and Yilmaz (2009, 2012, 2014), the connectedness methodology is an
econometric method that relies on a covariance-stationary Vector Autoregressive (VAR) model. The
connectedness methodology basically uses the forecast error variance decomposition after a VAR model and
exhibits that how shocks are transmitted in the system. With using the connectedness methodology, we can
examine how the EWRs are connected to each other and how return and volatility shocks in the market are
transmitted directionally (shocks from x; to x; and vice versa) and totally (shocks from x; to all other x; and vice
versa). This study also uses the bootstrap rolling window approach, which enables us to analyze time-varying
dynamics in these interactions.

There are many studies in the literature that investigate the connectedness of various financial assets, markets, or
macroeconomic indicators. Being one of the pioneering studies in the literature, Diebold and Yilmaz (2009) measured
the spillover effect of returns and volatility in 19 stock markets with a data set covering the period 1992-2007. The
study shows that the effect of volatility spillovers among financial markets is higher than that of return spillovers.
While return spillovers have an increasing trend, volatility spillovers do not follow any trend; however, bursts occur
during crisis periods, followed by a rapid decline. In times of crisis, serious increases are observed in both return and
volatility connectedness. Similar studies were performed by Yilmaz (2010) on the East Asian stock markets and by
Diebold and Yilmaz (2011) on the stock markets of the countries in America, and corresponding results were obtained.

Diebold and Yilmaz (2012) measured the connectedness between different financial markets in the USA and the
spillover effects of volatility shocks. In the study, volatility spreads between the stock market, debt market, foreign
exchange market, and commodity market were analyzed, and it was observed that the main source of volatility shocks
between the markets was the stock market. Additionally, the spillover effect of volatility shocks and the connectedness
between the markets increased significantly during the periods of crisis. Similarly, In the study carried out by Diebold
and Yilmaz (2014), the approach was combined with the network topology, and the connectedness between the 13
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largest financial institutions of the USA was measured. As a result, they found a high level of volatility connectedness
between the major financial institutions of the USA and showed that the connectedness reaches serious levels in times
of crisis.

In the literature, many studies measure connectedness and spillover effects between financial markets and assets.
Many of these researches on different markets, for instance; international equity markets (Barunik et al., 2016; Zhang,
2017; Demirer et al., 2018; Su, 2020; Diebold and Yilmaz, 2009; Polat, 2020), debt market (Alter and Beyer, 2014;
Reboredo et al., 2020; Hussain Shahzad et al., 2019; Ferrer et al., 2021), commaodity market (Antonakasis and Kizys,
2015; Balli et al., 2019; Uddin et al., 2019), cryptocurrency market (Corbet et al., 2018; Yi et al., 2018; Giudici and
Pagnottoni, 2019; Ji et al., 2019; Li et al., 2020; Kliber and WIlosik, 2019), foreign exchange market (Antonakakis et
al., 2020; Barunik and Kocenda, 2019; Bouri et al., 2020) and oil/energy market (Ferrer et al., 2018; Lovcha and Perez-
Labardo, 2020; Toyoshima and Hamori, 2018; Hasan et al., 2021) detected high level of connectedness and spillover
effects. On the other hand, some other studies have not found significant or low levels of connectedness and spillover
effects in cryptocurrency markets (Trabelsi, 2018; Gillaizeau et al., 2019; Qarni et al., 2019; Balli et al., 2020) and
oil/energy markets (Naeem et al., 2020; Zhang et al., 2020; Liu et al., 2020; Liu and Hamori, 2020; Balcilar and Usman,
2021).

In the literature review conducted, it was seen that the connectedness and spillover effects in the Electronic
Warehouse Receipt market has not been investigated in any academic study yet. Within this context, the most important
contribution of this study to the literature is the role of connectedness analysis in understanding the dynamics of the
Electronic Warehouse Receipt market. Besides, the findings of this study have two important areas of usage for
practitioners. First, producers can use the findings of this paper for operating risk management since this study exhibits
how return and volatility shocks are transmitted between EWRs in the market, and stakeholders of TURIB can take
action in this direction. Second, financial actors in the market can reap the benefit of this study for portfolio
diversification and decision-making process since this study presents how return and volatility shocks are spread in the
market and between assets.

2. Materials and Methods

In this section, first, the data of the study is introduced. Subsequently, the methods used in the measurement of
return and volatility are explained, and finally, the connectedness analysis methodology, which is the main method
used to achieve the aim of the study, is introduced. We conducted our analysis in two dimensions: return and
volatility connectedness. Return connectedness exhibits that how return shocks are spread while volatility
connectedness measures volatility shocks spills over the market.

2.1. Data

This study aims to measure the return and volatility connectedness of the Electronic Warehouse Receipt (EWR)
market in Turkey and reveal the dynamics of the EWR market. In this context, commodities with underlying assets,
such as wheat (durum), barley, and corn, which are traded for the longest time and have the highest trading volume
in the Turkish Mercantile Exchange (TURIB), are used as the data set in the study. The return series and the
volatility of the dataset are calculated over the closing prices of these three products for the 499 trading days
between 30.07.2019 and 30.07.2021, and the analysis of connectedness between the commaodities are performed.
The data covers the period from the day that the market is first opened for trading to the day the analysis is
completed.

2.2. Methods of measuring return and volatility

In return connectedness analysis, logarithmic return series of the data are used as the input of the VAR model.
The calculation of the logarithmic return series is performed as follows in equation 1. In equation 1, P;; stands for
the price of i product at time t and ri; stands for return of product i at time t.

Pit

ri¢ = In (—) (Eq.1)

Pit—1
For volatility connectedness, we use realized conditional volatilities in the VAR system. To measure the EWR

volatilities, a stochastic volatility model GARCH is applied. The GARCH (p,q) model is a method developed by
Bollerslev (1986) and Taylor (1986) based on the work of Engle (1982), and it is used to measure volatility in
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financial markets. The GARCH (p,q) model is calculated by modeling the volatility (c:?) of a series by using the
past deviations (ut.i), and the past conditional variance (cti?). The GARCH (p,q) process is addressed in equation
2.

of = ap + XL, ajuf; + X, Biog; (Eq.2)

GARCH (p,q) can be performed using different p and g values. However, empirical studies in the literature
have demonstrated that the GARCH (1,1) method is usually the best model (Hansen and Lunde, 2005; Brooks,
2019). In this study, different GARCH (p,q) rankings were tried, and the best fit model to the volatility
measurement of the return series is found to be GARCH (1,1). In the literature, different volatility measurement
methods, such as those proposed by Garman and Klass (1980), Parkinson (1980), and Alizadeh et al. (2002) are
recommended. However, these methods require the opening, closing, intraday high, and intraday low prices of the
assets. In our study, instead of these methods, volatility measurement is applied using the GARCH (p, g) model
due to the low trading volume of the EWR market and the observation that the intraday price movements are quite
stagnant and in the form of sudden increases with large buy orders.

2.3. Diebold-Yilmaz connectedness measurement

Diebold-Yilmaz connectedness analysis is a method based on the forecast error variance decomposition after
constructing a Vector Autoregressive (p) model, and it is used to measure how shocks spill over through the system.
The method is based on studies conducted by Diebold and Yilmaz in 2009, 2012, and 2014. The method operates
as follows:

A Vector Autoregressive model with constant covariance and N variables is as in equation 3.
X = ZF::[ Dixe_j + & ; &~(0,Z) (Eq.3)

Since the VAR (p) model has fixed covariance, it complies with the invertibility rule, which is frequently used
in time series, and can be written as an infinite-order moving average (MA) process. The infinite-order MA
representation of the series is as follows.

X¢ = XiZo Aigq (Eq.4)

The expression A; in equation 4 represents the square coefficient matrix with a size of N*N and has the Ai=

DA+ DA+ DpAip recursion formula. On the other hand, Ag corresponds to the unit matrix with N*N

dimensions, and when i<0, Ai=0. The MA coefficients and their variance decompositions in equation 4 play an

important role in understanding the structure of the system. The connectedness method is based on variance

decompositions, which helps in the decomposition of the forecast error variances at the H-step ahead of each
variable in the system into parts that can be attributed to various system shocks.

Different methods are used for the variance decomposition. The most frequently used variance decomposition
methods in the literature are Cholesky Decomposition and Generalized Impulse Response Function (GIRF).
However, Cholesky Decomposition cannot give robust results as it gives varying results depending on the order
of the variables. For this reason, in this study, the variance decomposition is performed using the GIRF algorithm,
which is invariant to the order of the variables and based on the studies by Koop et al. (1996) and Pesaran and Shin
(1998). In the variance decomposition using GIRF based on the VAR model, the share of the j in the H-step ahead
forecast error variance decomposition of variable i for each H=1,2,3..., is as shown in equation 5.
ot THId(e] Ap T e?

Thoo(e{ An ZAj e))?

65 (H) = (Eq.5)

In equation 5, X represents the variance matrix of the error vector, the symbol o; represents the standard
deviation of the i error term, while e; represents the selection vector in which the i" element is 1 and the others
take the value 0. Although equation 5 performs the forecast error variance decomposition, the row sum does not
yield 1 as the shocks directed to each variable are not orthogonal. Thus, normalization is required. The
normalization process is described in equation 6.

oF (H)

88 (H) =
03 (H) L, 0F (H)

(Eq.6)
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The total connectedness calculation can be performed with the results of the normalized variance
decomposition. The total connectedness calculation is shown in equation 7. The total connectedness index (C(H))
shows the extent to which the shocks experienced in the returns or volatility of the assets spillover through the
system.

N1 O5 D EN_ 050D (Eq.7)
0= 85D N '

C(H) =

Shocks from all other j variables to i variable are called "Contributions from Others (FROM)" and are
calculated as in equation 8.

N ~
Zi=1,j=‘=i elg] (H)

N {8
Zij=1 85 ()

2N 1 i 05 (H)
Cica(H) = £100 = == 1"+ 100 (Eq.8)
Similarly, shocks directed from variable i to all other variables j are called "Contribution to Others (TO)" and
are calculated as in equation 9.
St i1 O (H)

— * 100 =

N
Tl i B5 (D
Zhi—y 85 (H) N

Caci(H) = *100 (Eq.9)

The net total directional connectedness is measured as in equation 10. Net total directional connectedness (net
spillovers) is calculated by netting the shocks from all other j variables to the i variable and the shocks from the i
variable to all the other j variables. In short, it is the difference between the value calculated in equation 9 and the
value calculated in equation 8.

Cl(H) = CI<—i(H) - Ci(—I(H) (EQlO)

The final value calculated with the connectedness method is the measurement of net pairwise directional
connectedness. Net pairwise directional connectedness is used to measure the net pairwise spillovers between the
two variables. Net pairwise directional connectedness (net pairwise spillovers) is calculated as in equation 11.

Cij(H) = Cij(H) — Cji(H) (Eq.11)
3. Results and Discussion

When investigating return and volatility connectedness, the analyses are carried out as both static analysis and
dynamic analysis. In static analysis, we run the model using a full-sample series. This full-sample connectedness
provides a good perspective on average connectedness during the whole sample period. But it lacks to exhibit time-
varying dynamics of spillovers. On the other hand, financial markets are dynamic. The relationships in the markets are
stochastically determined and change over time. For this reason, we also model the dynamic structure of connectedness.

For dynamic analysis, we apply the bootstrap rolling-window approach to calculate time-varying (dynamic)
connectedness. The bootstrap rolling-window approach is a statistical application used to overcome parameter non-
constancy by running the econometric model with partitions of full-sample via setting sub-sample windows. By
selecting a sub-sample rolling window with K observations, the full sample with T observations can be altered to a
series of T-K sub-samples, in other words, y-K+1, w-K, ..., T for y=K, K+1, ..., T (Li et al., 2019). In the dynamic
analysis, the window size (K) is set as 100 trading days, and the window sliding is performed by shifting one trading
day in each analysis. As Kang etal. (2019) state, the harvest period for most of the agricultural crops, especially cereals,
is about four months. Therefore, to allow the effect of harvest periods in price shocks, we set the window size as 100
trading days, which is nearly four months. Since the window size is set as 100 days when applying the rolling windows
method, the first 100 days of the data set are lost in the dynamic analysis results. Therefore, dynamic analysis results
show the dates between 25.12.2019-30.07.2021.

In the connectedness analysis, first, it is necessary to build the most optimum VAR (p) model. The analysis show
that the VAR (9) model in return connectedness and the VAR (10) model in volatility connectedness are the best
models according to the AIC and FPE information criteria. The forecast error variance decomposition is performed up
to H=15 steps ahead in both return and volatility connectedness. After the H=15, no significant change is observed in
the connectedness measurements.
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3.1. Static return connectedness
The results of the static analysis of return connectedness are presented in Table 1.

Table 1. Return connectedness

Contribution From Others

Barley Wheat Corn (FROM Spillovers)
Barley 92.3 3.12 4.54 7.65
Wheat 6.57 91.05 2.38 8.94
Corn 7.75 1.72 90.5 9.48
Contribution To Others
(TO Spillovers) 14.3 4.86 6.93
Net Spillovers 6.69 -4.08 255 Total Connectedness

Index=8.70%

In the connectedness table, the diagonal elements show to what extent the shocks experienced in the return of the
Electronic Warehouse Receipt (EWR) asset in the row they correspond to are caused by internal shocks, and the last
column of the table shows to what extent they are affected by external shocks. The “Contribution to Others” row shows
the extent to which each EWR asset transmits shocks to other assets, while the “Net Connectedness” row demonstrates
the difference between shocks to others and shocks from others. Finally, the Total Connectedness Index, located at the
bottom right of the table, is an indicator that measures the extent to which return shocks are spread through the system.

In the EWR market, the return connectedness between assets is quite low. Shock spillovers within the system are
about 8.70%. It is seen that the majority of the shocks in the returns of assets in the EWR market are due to the
innovations experienced in the internal shocks of each asset, and the spillover of the return shocks between the assets
is at a very low level. When the net spillovers are analyzed, all assets except barley EWRs have negative net spillovers,
and the shocks they spread to others are more than the shocks from others. In terms of return connectedness, it can be
said that the main product that causes a net shock in the market is barley.

3.2. Dynamic return connectedness

In the dynamic analysis of return connectedness, the measure of total connectedness is shown in Figure 2, net total
connectedness in Figure 3, and net pairwise connectedness in Figure 4.

Dynamic Total Connectedness

40 50 60
|

Total Spillover Index
30
1

2020 2021

Date

Figure 2. Dynamic total connectedness (return connectedness)
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Figure 4. Dynamic net pairwise directional connectedness (return connectedness)

When the dynamic total connectedness analysis is examined, no trend is observed in the return connectedness.
There was an abnormal increase in total connectedness between 25.05.2021 and 04.06.2021, but it decreased rapidly
in the following days. In the EWR market, the connectedness between assets do not have an increasing trend. On the
other hand, the spillovers increase in certain periods due to shocks. However, it is subsequently returning to its previous
levels. Although it was experienced at a lower intensity, there were decreases after sudden increases in total
connectedness during the period between the beginning of February 2021 to mid-April 2021. No significant impact
from COVID-19 was observed on the measurements of total dynamic connectedness.

The net spillover of assets in Figure 3 is very close to zero. Unlike the others, the net spillovers of corn EWRs are
generally positive, but quite low. The effect of important innovations experienced in the period between the end of
May 2021 and June 2021, also observed on the total connectedness, was seen, and the net positive spillover of corn
and the negative spillover of wheat increased significantly during this period, and these two products exhibited an
inverse correlation.

Net pairwise spillovers are shown in Figure 4. The net pairwise connectedness between all assets is very low except
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for the period of abnormal increase defined above. In net pairwise connectedness between barley-wheat, the net
pairwise shock transmission is usually from barley to wheat. The opposite can be said for the relationship between
barley-corn. Finally, when the relationship between wheat and corn is analyzed, it is seen that corn is in a position that
transmits the net shock to wheat, especially in the periods when there are sudden shocks to the system.

3.3. Static volatility connectedness analysis

When measuring volatility connectedness in the Electronic Warehouse Receipts (EWR) market, volatility must be
measured first. Barley, wheat, and corn EWR volatilities are measured by GARCH (1,1), and the comparison between
them is given in Figure 5. Although the dynamic volatility is low in barley EWRs, there are sudden increases in
volatility in the period between mid-May 2021 and the first week of June 2021. The volatility of corn EWRs follows
a similar course. Although there was a slight increase in wheat EWRs during the same periods, high volatility increases
were not observed as in other assets. Unlike the others, in wheat EWRs, increases and decreases were observed on
certain dates during the analysis period.
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Figure 5. EWR volatilities

o

The results of the volatility measurements carried out using the results of GARCH (1,1) model. Static volatility
connectedness measurements are given in Table 2.

Table 2. Volatility connectedness table

Contribution From Others

Barley Wheat Corn (FROM Spillovers)
Barley 78.2 1.19 20.7 21.84
Wheat 3.15 92.8 4.05 7.2
Corn 30.5 0.31 69.2 30.84
Contribution To Others
(TO Spillovers) 337 15 24.1
Net Spillovers 11.9 5.7 6.12 Total Connectedness

Index=19.97%

As seen in Table 2, the Total Connectedness Index is 19.97%. This figure indicates that 80.03% of the volatility
shocks experienced in the EWR market are caused by the internal shocks of the assets, and 19.97% are due to the
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volatility shocks (external shocks, spillover effects) experienced in the market due to the volatility shocks experienced
in other assets. Compared to return connectedness, volatility connectedness is relatively high in the EWR market, while
78.2% of the volatility shocks experienced in barley EWRs are due to their own internal shocks. 21.84% of the volatility
shocks to barley EWRs are due to the volatility shocks experienced in wheat and corn EWRs. Similarly, 92.8% of
volatility shocks in wheat EWRs and 69.2% of volatility shocks in corn EWRs are caused by the assets' own internal
shocks, while 7.2% and 30.84%, respectively, are due to volatility shocks to other assets. When the net connectedness
is analyzed, barley has the highest net spillover, while other assets have negative net spillovers. In the EWR market, it
is seen that the asset in the position of the net shock-transmitter in the system is barley, while the other assets are in the
net shock-receiver position.

3.4. Dynamic volatility connectedness

The results of dynamic analysis of total volatility connectedness are given in Figure 6, the net total connectedness
in Figure 7, and the net pairwise connectedness in Figure 8.
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Figure 6. Dynamic total connectedness (volatility connectedness)
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Figure 7. Dynamic net total connectedness (volatility connectedness)
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Figure 8. Dynamic net pairwise directional connectedness (volatility connectedness)

As shown in Figure 6, the dynamic analysis results of volatility connectedness are at a higher level compared to
return connectedness. Compared to return connectedness, there is an exponential upward trend in volatility
connectedness that starts in early October 2020. These periods coincide with the periods when there was a significant
increase in cereal prices worldwide, and the increasing trend in prices started (See Figure 1). In addition to the spillovers
of volatility shocks through the system, the trend includes sudden increases and decreases. Between 07/04/2020-
17/04/2020 and 26/10/2020-30/10/2020, and 16/04/2021-07/05/2021, the volatility connectedness suddenly increased
with a rapid decrease afterward. However, volatility connectedness, the process in which shocks propagated through
the system increase as bursts and then transition to a sudden decline, demonstrates very short time intervals. The
characteristic of the three-movement periods is that they are in the form of short-term sudden increase and decreases.
The reasons for these were investigated and it is thought that they may be associated with Turkey's import of cereal
products. It was observed that there were no significant movements in the Turkish financial markets (stock market,
debt market, commadity, foreign exchange markets) during the aforementioned dates. It is believed that global food
price fluctuations also do not have a significant effect, as a global effect would be expected to have longer-term effects,
not such short-term effects. This is only the case with the increase in volatility spillovers in October 2020. This is
because these periods coincide with the times when food prices in the world increased significantly, and they also
create a significant upward trend in the following periods.

Finally, unlike other volatility bursts, serious increases were experienced in volatility connectedness on 17/05/2021
and the high level of connectedness continued. Contrary to return connectedness, the volatility connectedness analysis
shows the effect of the periods when COVID-19 first appeared in Turkey. These periods coincide with the period of
price shocks caused by the increase in demand on the dates when the curfews due to COVID-19 were announced both
in Turkey and in the world.

The results of the dynamic net connectedness analysis are depicted in Figure 7. In the analysis of net spillovers, it
is seen that there is a moderate negative correlation between barley and wheat and a high level of negative correlation
between barley and corn. In the dynamic analysis, short but high-impact sudden increases seen in certain date ranges
are also seen in net spillovers. In these periods, the main source of the spillover of volatility shocks in the system is the
shocks in barley EWRs. Similar results are also observed in the net pairwise connectedness analysis. Net pairwise
spillovers, which usually have a horizontal course, show sudden increases in certain periods due to shocks to the market.
The volatility shocks experienced in barley EWRs during these periods significantly affect wheat and maize EWRs.

3.5. Discussions on findings

In the study, it is observed that the return connectedness in the EWR market is quite low, and although it has some
upward movements in certain periods, it does not have any upward or downward trend. In this respect, our study found
various results from the pioneer studies of Diebold and Yilmaz (2009), Yilmaz (2010), and Diebold and Yilmaz (2011)
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on other financial markets. On the other hand, in the analysis of volatility connectedness, it is observed that an
exponentially increasing trend has started in the connectedness of EWR assets in the market as of October 2020. While
the effect of COVID-19 on the return connectedness is not observed, the effect of COVID-19 on the volatility
connectedness can be seen in the April 2020 period when the first cases emerged in Turkey and the first full lockdown
was imposed. However, contrary to return connectedness, there were sudden increases in volatility connectedness when
there were shocks to the market, followed by rapid decreases. Similar types of behavior are not observed in volatilities.
In this context, our study is in concordance with those studies in the literature (Diebold and Yilmaz, 2009; Yilmaz,
2010; Diebold and Yilmaz, 2011; Antonakakis and Kizys, 2015; Yi et al., 2018; Ji et al., 2019). The findings exhibit
low return connectedness and high volatility connectedness in the market. These results could be arisen because EWR
is a newly introduced concept and TURIB is a relatively a new and small market compared to other peers.

Previous studies (Diebold and Yilmaz, 2009; Yilmaz, 2010; Diebold and Yilmaz, 2011; Diebold and Yilmaz, 2012)
showed that global risks and volatility shocks spread quickly in different markets or assets around the worldwide.
However, return shocks and bull markets are more endogenous and occur domestically, either country-specific or
market-specific. So, return connectedness is more domestic and lower than volatility connectedness, which are more
influenced by global risks. Since TURIB is a small market yet, it may be more sensitive to external risks and volatilities
occur in other national or global markets. Such external risks have increased enormously at the beginning of the
COVID-19 pandemic. This could be the main reason for high volatility connectedness in the market. On the other hand,
when we discuss low return connectedness, this finding could be due to the same fact that the EWR market is a small
and quite new concept. Thus, agricultural-based financial assets and the actors in the EWR market have not
significantly integrated in other global or national markets. This may be the reason why high return connectedness and
the bull market movements in the global markets are not experienced in the TURIB market.

The result of the connectedness between the assets in the EWR market displayed that the main product in the market
that transmits net shocks is barley EWRs. It is concluded that the main source of both return and volatility shocks in
the TURIB market is barley EWRSs. It is not surprising when Turkey’s production data for cereals are investigated.
According to Turkstat (2021), Turkey’s barley production decreased over 30% while wheat decreased 13.9% and corn
production increased 3.8% in 2021. Most of the data in our analysis cover years 2020 and 2021. Evaluating net and
pairwise connectedness results with agricultural production changes in Turkey, we may comment that return and
volatility shock-transmitter products are directly related with current and/or producers’ and investors’ expected future
production amount. We may also comment that since these results first started in 2020, producers and actors in the
market may have foresight about the future changes in production and take actions before. In the future periods, net
total and net pairwise return and volatility shocks in the EWR market may be shaped in line with the current and/or
expected future production amount.

4. Conclusions

In today's world, which has been globalizing and becoming highly integrated, the relations and synchronization
between national economies, financial markets, and assets have significantly increased. This situation has created a
highly connected economic and financial environment in which systematic risk and global economic/financial shocks
are transmitted rapidly through different countries, financial markets, and assets. Understanding the connectedness of
financial assets and markets has an important place in understanding the dynamics of financial markets, measuring the
effects of these dynamics, managing risk, and foreseeing the future. Within this context, in this study, a connectedness
analysis based on return and volatility series are performed using Diebold-Yilmaz connectedness analysis to understand
the dynamics of Electronic Warehouse Receipts (EWR), a new asset in Turkish financial markets, and the Turkish
Mercantile Exchange (TURIB). We conduct connectedness analysis on two-dimensions; return and volatility series.
According to the findings of this study, there is a low level of connectedness in the returns of EWR assets. On the other
hand, we detect that volatility shocks are highly spread across the market. Besides, there is an increasing trend in
volatility connectedness. We believe that the above findings are related to the fact that both EWR assets and TURIB
have a very recent history compared to other financial assets and markets in Turkey. Thus, EWR assets are significantly
affected by external volatility shocks, whereas returns are more endogenous and market-specific. Another important
finding of this study is that barley EWRs are the main source of return and volatility shock in the market. This could
be because most recent statistics on Turkey’s cereal production indicate enormous falls in barley production. Therefore,
we believe that the dynamics of the EWR market are related to agricultural production amount of Turkey. Of course,
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this hypothesis requires to be tested in future studies.

In addition to enriching literature by investigating connectedness and spillover effects in the EWR market, this
study makes important contributions to practitioners in two perspectives. For producers, operational risk can be hedged
using EWRs whose net pairwise spillovers are negatively correlated with producer’s main crops. Such a wheat
producer who wants to minimize its risk against price volatility can use corn EWRs and of course, vice versa is also
true. Investors in the market can also apply the same strategy. Besides hedging price volatility risk, a similar perspective
is also true for fixing profit according to return connectedness results. A barley producer who wants to minimize loss
from its expected return can purchase wheat or corn EWRs since they have negative return spillovers. From the
perspective of investors who seeks profit with lower risk can use the EWR market since return shocks spills over low-
degree in the market, which is a great opportunity for portfolio optimization with other assets.

The EWRs and TURIB market is a new concept for Turkish financial markets. Additionally, the fact that TURIB
is a new, low-recognized market where the trading of EWR assets does not have as large transaction volumes as other
financial products and that is still a young market makes it difficult to understand the dynamics of this market. In the
following periods, if the transaction volume expands and more investors turn to these products, the structure of the
market will become clear, and changes in its dynamics will occur.
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Abstract

Weeds cause serious yield losses in sunflower production. The most common methods for weed control are
herbicide application and mechanical hoeing. The objective of this study was to determine the effects of five
traditional herbicides containing different active ingredients compared with mechanical hoeing for weed control
on seed yield components, seed oil content, and fatty acid composition in sunflower. Field experiments were
conducted in the sunflower growing seasons of 2014 and 2015 on farmer fields in Karamusul village of
Liileburgaz, Kirklareli, located in the Northwest of Turkey (40°24” N, 27021 E and elevation 46 m). Pre-plant
herbicide Bonoflan WG with benfluralin, pre-emergence herbicide Stomp®Extra with pendimethalin, and post-
emergence herbicides Challenge600 with aclonifen and Targa Super with quizalofop-p-ethyl active were applied
on non-Clearfield sunflower hybrids (P64LL05-Linoleic and P64H34-High oleic) while post-emergence
herbicide Intervix®Pro with imazamox was applied on Clearfield hybrids (LG5542CL-Linoleic and Colombi-
High oleic). In the results, the year effects were statistically significant on plant height, head diameter, number of
days from planting to 50% flowering, and percentage of stearic acid of Clearfield cultivars while it was significant
on plant height, head diameter, stem diameter, 1000 seed weight, number of days from planting to 50% flowering,
seed vyield, seed oil content, percentage of oleic and linoleic acids of non-Clearfield cultivars. The effect of
genotype was significant for all seed yield and oil components except seed weight and seed yield for both groups’
cultivars. Intervix®Pro caused significant decreases in plant height, stem diameter, and percentage of stearic acid.
Stomp®Extra decreased the number of days from planting to 50% flowering. Challenge 600 had a negative effect
on the seed oil content of P64H34 in 2015. There was no significant difference between herbicide applications and
mechanical hoeing for seed yields except for increasing seed yield of P64H34 by Bonaflan WG in 2015. For all
herbicide applications, residue in seeds was not exceeded international acceptable limits. According to the results,
herbicides especially post-emergence applications under stress conditions can adversely affect agronomic yield
and seed oil components in sunflower.
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Oz

Yabanci otlar ay¢igeginde ciddi verim kayiplari olusturmaktadir. Yabanci otlarla miicadelede en ¢ok kullanilan
yontemler herbisit uygulamasi ve mekanik aletlerle ¢apalamadir. Bu calismanin amaci farkli aktif madde igerigine
sahip 5 ticari herbisit ile mekanik aletlerle yapilan ¢apalamanin ayg¢igeginin tane verimi unsurlari, tane yag icerigi
ve yag asitleri kompozisyonlarina etkilerini belirlemektir. Tarla denemeleri 2014 ve 2015 yillarin1 kapsayan iki
aycicegi yetistirme mevsiminde Tirkiye’nin kuzey batisinda yer alan Kirklareli ilinin Liileburgaz il¢esine bagl
Karamusul Koyiinde (Enlem: 40°24° K, Boylam:27.021 D ve Rakim:46 m) ¢ifti arazisinde yiriitiilmiistiir.
Aragtirmada: ¢ikig sonrasi kullanilan imazamox etken maddeli ticari Intervix®Pro herbisiti genetik Clearfield
aycicegi hibriti gesitlerine (LG5542CL-yiiksek linoleik ve Colombi—yiiksek oleik) uygulanmistir. Ekim 6ncesi
herbisitlerden benfluralin etken maddeli Bonoflan WG, ¢ikis 6ncesi herbisitlerden pendimethalin etken maddeli
Stomp®Extra, ¢ikis sonrasi kullanilan herbisitlerden aclonifen etken maddeli Challenge600 ve quizalofop-p-ethyl
etken maddeli Targa Super ticari herbisitleri ise Clearfield geni tasimayan aygicegi hibrit ¢esitlerine (P64LL05—
yiiksek linoleik ve P64H34—yiiksek oleik) uygulanmistir. Aragtirma sonuglarinda; yil faktorii Clearfield olmayan
cesitlerin bitki boyu, tabla capi, sap ¢api, 1000 tohum agirligi, ekimden %50 ¢igeklenmeye kadar olan giin sayist,
tane verimi, tane yag icerigi, oleik ve yag asitleri igerigine istatistiki 6nemli etkiye sahip olurken, Clearfield
cesitlerinde ise bu faktoriin bitki boyu, tabla ¢api, ekimden ¢iceklenmeye kadar olan giin sayis1 ve stearik asit
tizerine olan etkileri istatistik anlamda 6nemli bulunmustur. Genotip ise her iki grup i¢in de tane verimi ve tane
agirligi haricinde diger oOlgiilen tim verim ve yag unsurlar {izerinde istatistiki anlamda 6nemli etkiye sahip
olmustur. Intervix®Pro herbisitinin ay¢iceginin bitki boyunda, sap ¢apinda ve tohumlardaki yagin stearik asit
iceriginde diisiislere neden oldugu belirlenmistir. Stomp®Extra herbisiti ekimden %50 ¢igeklenmeye kadar olan
glin say1sin1 azaltarak erken ¢iceklenmeye neden olmustur. Challenge 600 ticari herbisiti ise 2015 yilinda P64H34
¢esidinin tanelerindeki yag oraninin diistirmiistiir. Tane verimi agisindan Bonaflan WG harig, herbisit uygulamalari
ile mekanik ¢apalama arasinda istatistiki agidan énemli fark bulunamamistir. Bonoflan WG ticari herbisitinin ise
2015 yilinda P64H34 ¢esidinde tane verimi iizerinde istatistiki acidan dnemli ve olumlu etkide bulundugu
belirlenmistir. Tiim herbisit uygulamalarindan hasatta elde edilen tane {irinlerinde yapilan pestisit analizlerinde
limiti gegen bir deger bulunamamustir. Arastirma sonuglarina gore; herbisitler, stres kosullarinda 6zellikle ¢ikis
sonrasi uygulamalarda ay¢igeginin agronomik verim ve yag unsurlarmi olumsuz etkileyebilmektedir.

Anahtar Kelimeler: Capalama, Helianthus annuus, Herbisit, Tohum verimi, Yabanci ot kontrolii, Yag igerigi.
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1. Introduction

Sunflower (Helianthus annuus) is one of the most important oilseeds with an annual 21.15 million metric tons
of vegetable oil and 22.56 million tons of meal production in the world (USDA, 2021). Weeds are major yield-
limiting factors and continue to pose a huge challenge for the production of sunflower. Sunflower is more
vulnerable to weed competition during the first several weeks of growth than many other row crops (Soares et al.,
2019; Kanatas, 2020). In the later growth stages, sunflower has an allelopathic potential to use for controlling
weeds (Jabran, 2017). Crop yield decreases depending on weed population and sunflower growth stage are ranged
from 10% to 70% (Delchev and Georgiev, 2015; Kanatas, 2020). Weed control in crop production is very
important. The most common preferable method by the farmers for weeds is a chemical application which is
economical in short term and has faster results to get rid of weeds. Pesticide use has become inevitable in
agriculture and increased several folds during the last four decades.

Overuse of these chemicals has severe effects on the environment that may lead to immediate and long-term
effects (Bhandari, 2014; Mingo, et al., 2016; Ferrante and Fearnside, 2020). Numerous studies have been carried
out on the effects of pesticides on the environment and human health. Extensive or inappropriate use of pesticides
by farmers can lead to the contamination of various ecosystems. Widespread distribution of pesticides is also
known to cause problems with the apiculture and surface waters (Lari et al., 2014: Scholz-Starke et al., 2018;
Wang et al., 2021). Since bees are the most important pollinators of crops, the use of pesticides can considerably
reduce the yield of cross-pollinated crops (Onemli, 2005a; Onemli, 2005b; Barganska et al., 2014; Jumarie et al.,
2017). The persistence of pesticides in soil and their residual effects on sequential crops have been reported by
many researchers (Cassino et al., 2017; Cebi, 2018). Severe effects of herbicides have also been announced in
agency reports of International Organizations (EFSA, 2014; FAO, 2019).

Herbicides also cause high phytotoxicity and damage to crops or non-target plants due to the wrong usage with
technical implementation (Suryavanshi et al., 2015; Hasanuzzaman et al., 2020).

Mechanical weeding used alone or with herbicides in integrated weed control strategies also plays an important
role in weed control (Pannacci and Tei, 2014). Although it is expensive, tedious, and time-consuming and also
may cause root injury (EI-Metwally and EI-Wakeel, 2019) it has a minimum negative effect on human health and
the environment according to chemical weed control.

The most of part of previous researches have been on the effectivity of herbicides for weed control in weed-
crop competition (Elezovic et al., 2012; Selvakumar, 2018; Nicolae et al., 2019). Crop productivity in some of
these researches was also measured in order to confirm the importance of successful weed control (Knezevic et
al., 2013; Petcu and Ciontu, 2014; Suryavanshi et al., 2015; Jursik et al., 2020). A few studies have been conducted
to determine the effects of herbicides on the seed yield, and some physiological and agronomical traits of sunflower
under weed competition (Tawaha et al., 2002; Simic et al., 2011; Bharati et al., 2020; Mohapatra et al., 2020).

On the other hand, there is very low availability of data on comparisons between herbicide and mechanical
hoeing weed control for the effects on the seed yield, seed oil content, fatty acids, and yield components such as
flowering time, seed weight, plant height and head diameter in sunflower. The aim of the present study was to
investigate the effect of five herbicides including different active ingredients applicated with respect to labeled
dose and time making comparisons with hoeing weed control on seed yield, some yield components, seed oil
content, and oil fatty acid profiles of two oleic and two linoleic sunflower hybrids. In addition, the herbicide residue
of seeds for each application was determined whether it has exceeded the international limits.

2. Materials and Methods
2.1. Research area, soil properties, and meteorological data

Field experiments were conducted in two sunflower growing seasons including 2014 and 2015 on farmer fields
in Karamusul village of Liileburgaz, Kirklareli, located in the Northwest of Turkey (40°24° N, 27.021 E and
elevation 46 m). Kirklareli is one of the main sunflower-growing regions of Turkey. Some soil properties of
experimental areas are given in Table 1. Soil properties in both years were similar. Soils of 2-yr field experiments
were clay loam texture, neutral pH, and poor organic matter.
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Table 1. Soil properties of experimental fields in 2014 and 2015

Year SOM PH Lime Salt N P.0s K Ca Fe Mn Mg

(%0) (%) (%) (%) ppm ppm ppm ppm ppm  ppm
2014 1.92 67 057 007 0.08 1428 212 4225 1213 1516 414
2015 1.88 6.8 068 008 009 1436 228 4313 1248 1538 432

Table 2 shows some meteorological data during two sunflower growing seasons. In the second year, the
beginning of the vegetative period and after R6 (flowering complete, ray flowers wilting) was very dry although
all other vegetative and reproductive growth periods were very rainy in the first year.

Table 2. Some climatic data during growing periods of sunflower in 2014 and 2015.

Month Rainfall (mm) Relative humidity (%) Temperature (°C)
2014 2015 2014 2015 2014 2015

April 47.0 69.8 83.6 75.3 12.5 111
May 80.0 5.8 79.9 69.5 16.9 18.8
June 51.4 42.8 76.2 69.2 21.2 21.3
July 131.6 4.8 73.4 65.3 23.8 24.5
August 19.2 2.6 73.8 63.1 24.2 25.3
September 121.4 63.0 81.8 74.2 18.9 21.8

2.2. Plant materials

Table 3 shows some properties of traditional hybrids in this study. Two high oleic and two high linoleic
sunflower hybrids were used. One of the oleic and linoleic hybrids was tolerant to imozamax herbicide in the
Clearfield technology.

Table 3. Some properties of traditional sunflower hybrids in this study.

Sunflower hybrids Seed company Clearfield/non Clearfield Oil fatty acid profile

LG 5542 CL Limagrain Clearfield High Linoleic
P64LL05 Pioneer Non-Clearfield High Linoleic
Colombi Syngenta Clearfield High Oleic
P64H34 Pioneer Non-Clearfield High Oleic

2.3. Application materials

Active ingredients, application rates, application times, trade names, and manufacturer of herbicides are given
in Table 4. All herbicides were applied backpack sprayer at the recommended dose and time by their manufacturer.

Table 4. Active ingredients, application rates, application times, trade names, and manufacturer of herbicides

Trade name Manufacturer Active ingredients, Dose Application time
per liter (ml/ha)

BonoflanWG Dow AgroSciences Benfluralin, 60 g 2500 Pre-Plant

Stomp® Extra BASF Pendimethalin, 450 g 3000 Pre-Emergence

Challenge600 Bayer Aclonifen, 600 g 1250 Post-Emergence

Targa Super Sumi Agro Quizalofop-P-Ethyl,50 g 1000 Post-Emergence

Intervix® Pro BASF Imazamox, 40 g 1250 Post-Emergence

2.4. Experimental design and treatments

The trials were arranged separately for Clearfield and non-Clearfield cultivars in 2014 and 2015. Each
experiment was laid out in a randomized complete block design (RCBD) with a split plot including different
herbicide applications and mechanical hoeing for weed control on sunflower cultivars with four replications.
“Intervix® Pro” was applied to Clearfield hybrids “LG 5542 CL” and “Colombi”. Other herbicides
“BonoflanWG”, “Stomp® Extra”, “Challenge600” and “Targa Super” were applied to non-Clearfield hybrids
“P64LL105” and “P64H34”. Each cultivar in replication also had a control plot as mechanical hoeing weed control.

Each plot was set up in planting at 5.0 m x 2.8 m = 14.0 m?. Planting was done on May 21, 2014, for the first
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year, and on April 27, 2015, for the second year with an intra-row spacing of 30 cm and a row-to-row spacing of
70 cm. The reason for the late planting in the first year was heavy rainfall. The experimental field each year was
fertilized as 300 kg ha-1 with 20-20-0 (NPK) prior to planting. In each plot, plant height, the number of days from
planting to 50 % flowering, head diameter, stem diameter, one thousand seeds weight, seed yield, oil content, and
oil fatty acids were observed.

2.5. Analysis of pesticide residues

In addition, pesticide (herbicide) residues analysis were done on harvested seeds from each herbicide
application plot within each block according to TS EN 15662 by a private firm. In analyses, GC MS/MS and LC
MS/MS instruments were used for benfluralin, and pendimethalin, aclonifen and imazamox, respectively. UPLC
MS/MS instrument was used to analysis of Quizalofop-P-Ethyl.

2.6. Statistical analysis

Statistical analysis was performed according to standard procedures for a randomized complete block design
with split plots separately for Clearfield and non-Clearfield cultivars. The SAS System was used to generate the
analysis of variance (ANOVA) for determining treatment effects on the dependent variables (SAS Institute, 1997).
Treatment means comparisons were based on F-Protected Least Significance Differences (LSD) comparisons at P
<0.05.

3. Results and Discussion

In this research, the trials were arranged separately for Clearfield and non-Clearfield cultivars in 2014 and
2015. “Intervix® Pro” was applied to Clearfield cultivars “LG 5542 CL and Colombi”. Other four herbicides
“Bonaflan WG, Stomp® Extra, Challenge600, and Targa Super” were applied to non-Clearfield cultivars
“P64LL05 and P64H34”. Each cultivar had a control mechanical hoeing weed control on sunflower the plot within
each replication. Thus, analysis of variance was done separately for Clearfield and non-Clearfield cultivars.

3.1. Analysis of variance (ANOVA) for sunflower yield and seed oil components
3.1.1. Variance analyses for seed yield and yield components in sunflower hybrids

Table 5. Analysis of variance of some seed yield and yield components in sunflower

Plant Head Stem 1000 Days to Test Seed yield
Clearfield height diameter diameter seed 50% weight
cultivars weight  flowering
Y (Year) 3333.97*%*  4.22*%* 0.29 0.12 11.28* 0.01 290.65
C (Cultivar) 1275.00**  18.06** 2.31%* 25.10 5.28* 24.67** 407.55
A (Application)  1933.33** 0.27 4.33** 45.13 2.53 0.34 293.79
Y*C 223.82** 0.11 0.49* 0.17 2.53 0.03 7378.08*
Y*A 0.24 0.45 0.11 0.25 0.03 9.14 50.45
C*A 12.09* 1.74 4.13** 4.96 1.53 0.14 13.49
Y*C*A 16.06* 1.24 0.07 0.01 0.03 0.02 0.22
cv 1.16 3.81 4.75 5.42 1.27 351 10.26
Plant Head Stem 1000 Days to Test Seed yield
Non Clearfield height diameter diameter seed 50% weight
cultivars weight flowering
Y (Year) 2472.87**  48.88** 1.62* 0.16 56.11** 0.61 63429.28**
C (Cultivar) 416.42**  177.40** 0.74* 164.37* 66.61** 1.46 2921.07
A (Application)  468.97** 0.77 1.18** 51.67 8.89** 4.22 1340.64
Y*C 0.08 2,96 0.46 0.77 3.61* 0.20 3015.35
Y*A 246.23** 0.35 0.09 0.31 0.46 0.56 563.62
C*A 398.21** 3.66 1.92** 193.2** 9.27** 3.18 523.25
Y*C*A 269.81" 1.14 0.33 0.82 1.33* 0.55 1052.91
cVv 211 9.83 7.17 7.22 1.00 3.81 14.37

*and ** : Significant differences are shown at P < 0.05 and P < 0.01, respectively
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Variance analyses of sunflower seed yield and yield components are given separately for Clearfield and non-
Clearfield cultivars in Table 5. Plant height was significantly affected by year, cultivar, application, and
interactions of year x application, cultivar x application, and year x cultivar x application in Clearfield and non-
Clearfield cultivars. Only, year and cultivar had a significant effect on head diameter in both groups. Stem
diameter was affected significantly by cultivar, application, year x application, and cultivar x application in
Clearfield hybrids while the significant effective factors were the year, cultivar, application, and cultivar x
application in non-Clearfield hybrids. There was no significant effective factor on 1000 seed weight in Clearfield
cultivar, although cultivar and cultivar x application factors had a significant effect on this character in non-
Clearfield cultivars. In Clearfield hybrids, year and cultivar had a significant effect on days from planting to 50%
flowering time. On the other hand, the character was significantly affected by year, cultivar, application, and
interactions of year x cultivation, cultivar x application, and year x cultivar x application in non-Clearfield hybrids.
For test weight, only the cultivar effect was significant in Clearfield hybrids. It was not found effective factor on
test weight for non-Clearfield hybrids. Year x cultivar and year had significant effects on seed yield in Clearfield
and non-Clearfield hybrids, respectively.

3.1.2. Variance analyses for seed oil content and fatty acids in sunflower

Variance analyses of sunflower oil content and fatty acids are given separately for Clearfield and non-Clearfield
cultivars in Table 6.

Table 6. Analysis of variance of seed oil content and percentage of fatty acids in sunflower

Clearfield Seed oil C16:0 C18:0 Ci18:1 C18:2
cultivars content Palmitic acid  Stearic acid Oleic acid Linoleic acid
Y(Year) 5.07 0.17 1.42%* 28.28 23.21

C (Cultivar) 30.69** 14.20** 1.22%* 13763.9*%* 12667.2**

A(Application) 0.99 0.03 0.06* 1.04 1.66
Y*C 2.14 0.27* 0.33** 0.63 0.47
Y*A 1.62 0.12 0.01 13.55 7.73
C*A 0.12 0.14 0.03 0.13 0.34

Y*C*A 0.01 0.05 0.03 37.37* 41.29*
CcVv 3.39 4.61 3.45 4.69 10.18

Non-Clearfield Seed oil C16:0 C18:0 Cci18:1 C18:2

cultivars content Palmitic acid Stearic acid Oleic acid Linoleic acid
Y(Year) 257.22%* 0.01 0.01 449.07** 654.25**

C (Cultivar) 289.98** 77.36%* 13.3** 42187.6** 38949.1*

A(Application) 571 0.13 0.10 16.12 0.84
Y*C 61.65** 0.57 0.37* 19.52 5.09
Y*A 5.87 0.15 0.05 14.24 1.55
C*A 15.30* 0.35 0.07 20.74 5.96

Y*C*A 13.93** 0.38 0.04 19.01 7.08
CcVv 5.22 9.33 8.61 8.54 12.77

*and **: Significant differences are shown at P < 0.05 and P < 0.01, respectively

Differences between cultivars for seed oil content were significant in both groups. In addition to this factor,
year, year x cultivar, cultivar x application, and year x cultivar x application had significant effects on seed oil
content in non-Clearfield cultivars. Cultivar had also a significant effect on the percentage of palmitic acid in both
groups. In Clearfield cultivars, a significant effect was also found for year x cultivar interactions. Year, cultivar,
application, and year x cultivar interaction had a significant effect on the percentage of stearic acid in Clearfield
cultivars, although the character was affected significantly by cultivar and year x cultivar interactions in non-
Clearfield cultivars. Percentage of oleic and linoleic acids were affected by cultivar and year x cultivar x
application interaction in Clearfield cultivars, while cultivar and year had a significant effect on these fatty acids
in non-Clearfield cultivars.
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3.2. Mean comparisons of yield and oil components for factors
3.2.1. Means of applications according to years for seed yield and yield components

According to year variation for Intervix®Pro herbicide application (Table 7), plant height and head size in
2015 were smaller than in 2014. In addition, in the second year, the number of days from planting to 50% flowering
was decreased. Although planting in 2015 was about one month early than in 2014, this is thought to be caused by
the low rainfall until the flowering in the second year. In other herbicide group cultivars, stem diameter was also
decreased in addition to these characters. On the opposite of this, the seed yield of non-Clearfield cultivars
significantly increased in 2015. It is thought that this could be due to the fact that the second group varieties enter
the generative period earlier than the first group and make better use of the advantage of benefiting from soil
moisture with early planting and escape from higher temperatures during grain filling (Soriano et al., 2004; Pepo
and Novak, 2016; Debake, et al., 2017).

Table 7. Means of applications according to years for seed yield and yield components

Herbicide Year Plant Head Stem 1000 Days to Test Seed
height  diameter diameter seed 50% weight yield
(cm) (cm) (cm) weight flowering  (kg/hl (kg ha?)
(9 (days)
Intervix® Pro 2014 149.24a"  18.88a 5.93 68.86 76.13a 34.91 2287.30
2015  128.82b 18.15b 5.74 68.73 74.94b 34.88 2366.10
LSD 1.19 0.52 0.20 2.74 0.71 0.90 175.7
Other 2014  128.13a 16.30a 5.84a 73.91 72.25a 34.79 1782.0b
herbicides™ 2015  117.00b 14.74b 5.56b 73.82 70,58b 34.61 2359.3a
LSD 1.16 0.68 0.18 2.39 0.32 0.59 132.7

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
**: Bonoflan WG, Stomp® Extra, Challenge600, Targa Super

3.2.2. Means of applications according to years for seed oil content and fatty acids

In seed oil content and fatty acids of Clearfield cultivars (Table 8), there were no statistically significant
differences between 2014 and 2015. Unlike that, seed oil content and percentage of linoleic acid in second-year
non-Clearfield cultivars were lower than in the first year. Onemli (2012a) and Onemli (2012b) suggested that high
temperatures and drought stress caused decreases in seed oil content and the percentage of linoleic acid in
sunflower seed oil. Although they were not statistically significant in Clearfield cultivars, seed oil contents and
percentage of linoleic acid in seed oil in 2014 depend on higher rainfall and lower temperatures were higher than
in 2015.

Table 8. Means of applications according to years for seed oil content and fatty acids

Herbicide Year Seed oil C16:0 C18:0 C18:1 C18:2
content Palmitic Stearic acid  Oleic acid Linoleic

(%) acid (%) (%) acid

(%) (%)

Intervix® Pro 2014 42.67 496 2.94a 60.70 29.70
2015 41.87 5.10 2.51b 62.46 28.00

LSD 1.05 0.17 0.07 2.13 2.16
Other herbicides** 2014 44.04a" 4.63 3.01 59.95b 30.82a
2015 40.46b 4.64 3.00 64.69a 25.11b

LSD 0.99 0.19 0.12 2.38 1.60

**: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.**: BonoflanWG,
Stomp® Extra, Challenge600, Targa Super
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3.2.3. Means of applications according to cultivars for seed yield and yield components

Table 9 shows cultivar variations for seed yield and yield components. High oleic Clearfield genotype
“Colombi” had statistically higher plant height, head diameter, days from planting to 50% flowering and test
weight, and lower stem diameter than “LG5542CL” cultivar. The high oleic non-Clearfield cultivar “P64H34” had
higher plant height, stem diameter, 1000 seed weight, days from planting to 50% flowering, test weight and seed
yield, and lower head diameter than “P641L1.05” cultivar. Pepo and Novak (2016) put similar correlations between
photosynthetic traits and yield depending on genotype in sunflower.

Table 9. Means of applications according to cultivars for seed yield and yield components

Herbicide Cultivar Plant Head Stem 1000 Days to Test Seed
height  diameter diameter  seed 50% weight yield
(cm) (cm) (cm) weight flowering (kg/hl (kg ha?)
(9) (days)
Intervix® LG5542CL  132.72b 17.76b 6.11a 69.68 75.13b 34.01b 2295.2
Pro Colombi 145.34a"  19.26a 5.57b 67.91 75.94a 35.77a 2358.2
LSD 1.19 0.52 0.20 2.74 0.71 0.90 175.7
Other P64LL05 120.29b 17.01a 5.60b 72.43b 70.50b 34.56b  1976.4b
herbicides**  P64H34 124.85a 14.03b 5.80a 75.29a 72.33a 34.83a  2164.9a
LSD 1.16 0.68 0.18 2.19 0.32 0.59 132.7

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
**: BonoflanWG, Stomp® Extra, Challenge600, Targa Super

3.2.4. Means of applications according to cultivars for seed oil content and fatty acids

Table 10 shows high linoleic genotypes (LG5542CL and P64LL05) in both groups with higher oil content in
seeds than high oleic genotypes (Colombi and P64H34). The oleic types have been developed recently and the
genetic resource in this type for oil and yield improvement is very poor compared to the linoleic types (Zhou, et
al., 2018). There were known differences between the oleic and linoleic types in terms of fatty acids. But, both
linoleic types had a higher percentage of oleic acids and a lower percentage of linoleic acids than their normal
properties depending on higher temperatures (Onemli, 2012a; Onemli, 2012b)

Table 10. Means of applications according to cultivars for seed oil content and fatty acids

Herbicide Cultivar Seed oil C16:0 C18:0 C18:1 C18:2
group content Palmitic Stearic acid  Oleic acid Linoleic

(%) acid (%) (%) acid
(%) (%)

Intervix® Pro LG5542CL 43.25a 5.70a 2.92a 40.85b 48.75a
Colombi 41.290 4.36b 2.53b 82.32a 8.96b
LSD 1.05 0.17 0.07 2.13 2.16

Other P64LL05 44.16a 5.62a 3.41a 39.36b 50.03
herbicides** P64H34 40.35b 3.65b 2.59b 85.28a 5.90
LSD 0.99 0.19 0.12 2.38 1.60

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
3.2.5. Means of applications according to subjects for seed yield and yield components

Variations in seed yield and yield components by herbicide application are given in Table 11. Intervix®Pro
herbicide had a negative effect on plant height and stem diameter in Clearfield cultivars. The effects of this
herbicide on seed yield or other yield characters were not found significant.

In non-Clearfield cultivars, the shortest plant height was observed in the control application (hoeing weed
control) while Stomp®Extra and Targa Super applications were in the highest plant height group. Bonaflan WG
and Challenge600 had also higher plant heights than hoeing weed control. There was no significant group for head
diameter in non-Clearfield cultivars. Stomp®Extra had the highest stem diameter. Challenge600 and Targa Super
had also higher stem diameters than hoeing weed control. For 1000 seed weight, all herbicide applications were in
the same group as hoeing weed control applications although two significant groups were observed. Days from
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planting to 50% percent were decreased by Stomp®Extra application. Other herbicide applications were in the
same group with hoeing weed control for this character. All herbicide applications for test weight and seed yield
were also in the same group as hoeing weed control applications although there were two significant groups. Seed
yield in Bonaflan WG was significantly higher than Targa Super.

Table 11. Means of applications according to subjects for seed yield and yield components

Plant Head Stem 1000 seed Days to Test Seed
Clearfield height diameter diameter weight 50% weight yield
cultivars (cm) (cm) (cm) (9) flowering (kg/nl) (kg ha')
(days)
Hoeing 146.80a* 18.61 6.20a 67.61 75.25 34.99 2437.98
Intervix® Pro 131.26b 18.42 5.47h 69.98 75.81 34.79 2377.38
LSDo.0s 1.19 0.52 0.20 2.74 0.71 0.90 181.68
Plant Head Stem 1000 seed Days to Test Seed
Non-Clearfield height diameter diameter weight 50% weight yield
cultivars (cm) (cm) (cm) (9) flowering (kg/nl) (kg ha)
(days)
Hoeing 113.96¢ 15.82 5.38¢c 73.79ab 72.06a 34.75ab  2036.5ab
Bonaflan WG 122.34b 15.49 5.54hc 76.25a 71.63a 34.89a 2251.3a
Stomp® Extra 126.43a 15.40 6.10a 71.78b 70.13b 35.25a  2147.6ab
Challenge600 122.25b 15.25 5.79h 74.94ab 71.69a 33.86bh  2100.7ab
Targa Super 127.86a 15.64 5.69h 72.55ab 71.56a 34.74ab  2028.2b
LSDo.0s 1.83 1.08 0.29 3.77 0.51 0.94 214.95

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
3.2.6. Means of applications according to subjects for seed oil content and fatty acids

Variations in seed oil content and fatty acids by herbicide application are given in Table 12. It was determined
significant group for the only percentage of stearic acid in Clearfield cultivars. The percentage of stearic acid rate
in seed oil was decreased significantly by Intervix®Pro application according to hoeing weed control. In non-
Clearfield cultivars, herbicide applications did not create significant groups in seed oil content and fatty acids.

Table 12. Variations in seed oil content and fatty acids by herbicide application

Clearfield Seed oil C16:0 C18:0 C18:1 C18:2
cultivars content Palmitic Stearic acid  Oleic acid Linoleic
(%) acid (%) (%) acid
(%) (%)
Hoeing 42.09 5.06 2.77a* 61.76 28.62
Intervix® Pro 42.44 5.00 2.68b 61.40 29.08
LSDo.05 1.05 0.17 0.07 2.13 2.16
Non-Clearfield Seed oil C16:0 C18:0 Ci18:1 C18:2
cultivars content Palmitic Stearic acid  Oleic acid Linoleic
(%) acid (%) (%) acid
(%) (%)
Hoeing 42.31 4,58 2.90 63.21 27.61
Bonaflan WG 42.63 4.78 3.09 60.59 28.08
Stomp® Extra 42.32 4.61 3.06 62.47 28.12
Challenge600 41.24 4.65 3.00 62.72 27.87
Targa Super 42.76 4.55 2.95 62.61 28.16
LSDo.05 1.56 0.31 0.18 3.77 2.53

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
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3.2.7. Means of applications according to year and cultivar interaction for some seed yield and oil characters

Variations in seed yield and oil characters by herbicide applications depending on year and cultivar are given
in Table 13. Intervix®Pro application had no significant effect on seed yield in both cultivars and both years. This
herbicide increased the number of days from planting to 50% flowering according to hoeing weed control in LG
5542CL in 2015. Intervix®Pro decreased plant height in LG 5542CL and Colombi hybrids in both years. Seed oil
content, percentage of oleic acid, and linoleic acid were not affected as statistically significant by Intervix®Pro
application similar seed yield.

Table 13. Means of applications according to year and cultivar interaction for seed yield and oil characters

Cultivar Year Application Seed Days to Plant Seed oil C18: C18:2
yield 50% height content 1 Linoleic
(kg ha?)  flowering (cm) (%) Oleic acid
acid
Hoeing 2445.2 75.50 149.46a 44.03 41.67 47.73
2014  Intervix® Pro 2542.2 76.50 131.10b 43.78 37.98 51.23
LG LSDo.0s 451.3 3.18 7.00 2.37 9.49 8.83
5542CL Hoeing 2275.4 73.75b 132.75a 42.23 40.25 49.52
2015  Intervix® Pro 2225.2 74.75a 117.56b 42.95 43.48 46.51
LSDo.os 274.1 0.99 2.24 4.23 4.62 4.44
Hoeing 2224.2 76.25 164.73a 41.40 81.40 10.24
2014  Intervix® Pro 2298.6 76.25 151.66b 41.46 81.77 9.62
Colombi LSDo.os 405.4 1.30 1.30 3.51 8.26 8.99
Hoeing 2614.9 75.50 140.27a 40.71 83.73 7.05
2015  Intervix® Pro 2635.8 75.75 124.71b 41.59 82.38 8.96
LSDo.0s 290.2 0.80 2.35 3.16 2.33 2.80
Hoeing 1810.1 71.75 117.13d 44.55b 38.16 51.73
Bonaflan WG 1783.1 71.50 122.00c 44.45b 36.46 52.91
Stomp® Extra  1691.2 71.00 123.82c  45.08ab  34.58 54.94
2014 Challenge600 1683.6 71.50 128.46b  45.21ab  38.40 51.30
Targa Super 1579.4 72.00 137.68a 46.07a  34.87 54.84
LSDo.05 299.2 1.55 2.19 112 4.78 4.34
P64LLOS Hoeing 2303.8 69.75b 115.100 42,70 4257  46.68
Bonaflan WG 2461.0 68.75¢ 111.76¢ 42.87 42.10 47.43
Stomp® Extra  2461.0 68.75¢ 111.76¢ 43.50 42,01 46.69
2015  Challenge600 2338.0 68.75¢ 110.89c 44.34 41.84 47.07
Targa Super 2413.2 71.25a 124.28a 42.79 42.58 46.72
LSDo.os 451.4 0.69 2.36 3.43 3.30 3.66
Hoeing 1746.0 74.25a 121.80c  43.0l1ab  83.23 8.61
Bonaflan WG 1962.6 73.75a 135.22b 43.6la 83.15 8.98
2014  Stomp® Extra  2108.9 71.00c 135.32b  42.88ab  84.80 7.27
Challenge600 2061.2 73.50ab 139.28a  43.00ab  82.10 9.59
Targa Super 1886.9 72.25bc 120.57d 4259h  83.76 8.09
P64H34 LSDo.0s 467.4 1.25 1.16 0.97 9.73 9.26
Hoeing 2286.1b 72.50a 101.80d 38.98a  88.87 3.41
Bonaflan WG 2798.4a 72.50a 120.39%b 39.58a  80.67 3.00
2015 Stomp® Extra  2329.4b 69.75¢c 134.83a  37.82ab  88.48 3.57
Challenge600 2320.1b 73.00a 110.37c 32.42h  88.53 3.51
Targa Super 2233.3b 70.75b 128.91a 39.50a 89.24 2.97
LSDo.os 447.6 0.51 7.17 5.78 12.29 1.63

*: Within each column in each group, means followed by the same letters are not significantly different at P < 0.05.
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In non-Clearfield cultivars, Bonaflan WG increased seed yield according to hoeing weed control in P64H34 in
2015. In this group, there was no significant group in seed yield for applications for P64H34 in 2014, and for
P64LLO05 in both years. Targa Super had the highest number of days from planting to 50% flowering in the second
year of P64LL05 hybrid although other herbicide applications (Bonaflan WG, Stomp®Extra and Challenge600)
in this group caused early flowering than hoeing weed control. Stomp®Extra and Targa Super applications on
P64H34 hybrid decreased the number of days from planting to 50% flowering according to hoeing weed control
in both years. Targa Super application on P64LLO05 gave the highest plant height in both years. Hoeing weed
control had the shortest plant height for this hybrid in the first year while it was in the second-highest plant height
group in 2015. For plant height of P64H34, Challenge600 had the highest value in 2014, while Stomp®Extra and
Targa Super were in the highest plant height group. In the first year, Bonaflan WG. Stomp®Extra had higher plant
heights than hoeing weed control in P64H34. In the second year, the plant height of hoeing weed control for
P64H34 was the shortest within all applications. Targa Super application on P64LL05 in 2014 gave higher seed
oil content than hoeing weed control although the other applications were in the same group as the control
application. There was no significant difference between herbicide applications except Challenge600 and hoeing
weed control for seed oil content of P64H34. There was no significant group for the percentage of oleic and linoleic
acids in non-Clearfield hybrids.

3.3. Pesticide residues in harvested seeds of herbicide application plots.

Pesticide residues in harvested seeds of herbicide application plots are given in Table 14. The detected residue
of herbicide active ingredients in the seed of herbicide application plots was not exceeded international acceptable
limits.

Table 14. Pesticide residues in harvested seeds of herbicide application plots.

Trade name Limit Unit Result Instrument Analysis method
(LOQ)

BonoflanWG 0.01 mg/kg Not Detected GC MS/MS
TS EN 15662

Stomp® Extra 0.01 mg/kg Not Detected LC MS/MS
TS EN 15662

Challenge600 0.01 mg/kg Not Detected LC MS/MS
TS EN 15662
Targa Super 0.01 mg/kg Not Detected UPLC MS/MS

J. of AOAC Int. vol. 90.

No.2.2017

Intervix® Pro 0.01 mg/kg Not Detected LC MS/MS
TS EN 15662

4. Discussion

According to results, the application of Intervix®Pro including 40 g/l Imazamox active ingredients caused
decreases in plant height and stem diameter and increases the percentage of stearic acid in seed oil according to
hoeing weed control in sunflower.

In comparison with hoeing weed control, the application of Bonaflan WG including 60 g/l Benfluralin active
ingredients increased the seed yield of one non-Clearfield cultivar in 2015.

Stomp®Extra including 450 g/l Pendimethalin active ingredients generally increased plant height and stem
diameter and decreased the number of days from planting to 50% flowering according to hoeing weed control.

Challenge600 including 600 g/l Aclonifen active ingredients generally caused increasing plant height and stem
diameter according to hoeing weed control. In addition, this herbicide delayed flowering in P64LLO05 cultivar in
dry 2015.

Targa Super including 50 g/l Quizalofop-P-Ethyl active ingredients had also increases in plant height and stem
diameter compared with hoeing weed control. This herbicide delayed flowering in P64LL05 although it decreased
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the number of days from planting to 50% flowering in P64H34 hybrid especially dry growing season in 2015.
Targa Super had higher seed oil content than hoeing weed control in P64LL05 in 2014.

Simic et al. (2011) found negative effects of imidazoline herbicides on seed yield and oil content in sunflower
when the application is late. They found a positive effect of IMI herbicides on plant characters, unlike our research.
Because there was no weed control in their control plots. Reddy et al. (2012) found negative effects of herbicides
with pendimethalin active ingredients on seed yield components. There are many research results on the phytotoxic
effects of herbicides on crops (Delchev, 2013; El-Rokiek et al., 2013)

Tichy et al. (2018) determined the negative effects of herbicides on seed yield components, especially under
drought soil and climatic conditions. Renukaswamy et al. (2012) and Suryavanshi et al. (2015) found the highest
yields in the herbicide-free plot. They indicated that herbicide applications had a negative effect on seed yield
components. Results of previous research with IMI group herbicides are similar to our study results. But finding
results with other herbicides applicated non-Clearfield cultivars in this study are quite different than previous
studies.

The absence of herbicide residues in the seeds is a pleasing result. In this result, application time and dose are
important. Increased herbicide doses can create pesticide residue in seeds (Serim and Maden, 2014).

The results showed that Intervix®Pro application on Clearfield cultivars causes stress on plant characters
resulting in losses in seed yield, especially in drought conditions although it was not found statistically significant
differences for seed yield in this research. Whereas positive effects of other herbicides applicated non-Clearfield
hybrids on plant characters provide increases in seed yield except Targa Super application. This positive effect of
herbicides on the seed yield even when their effects on weed control are not taken into account, could be
statistically significant as BonoflanWG in drought conditions in this research unlike the results of previous studies.
Although root measurements were not taken in this research, this is thought to be due to the fact that some
herbicides encourage root development, and provide water and nutrient taking for a longer period of time in the
generative period such as in cotton (Marple et al., 2007).

5. Conclusion

According to our results, there is no statistically significant difference in seed yield of cultivars between any
Intervix® Pro herbicide application and mechanical hoeing weed control. On the other hand, this herbicide may
be a negative effect on yield components such as plant height and stem diameter, especially in stress conditions
such as drought. Unlike these herbicide results, pre-plant herbicide “Bonoflan” can have significantly positive
effects on seed yield and yield components compared with mechanical weed control in low precipitation
conditions. These results showed that producers need to be careful to avoid creating stress on plants. when applying
IMI and other postemergence herbicides, especially in drought conditions. In these conditions, weed control by
mechanical hoeing should come to the fore than herbicide application. The results showed that herbicides
especially post-emergence applications under stress conditions can adversely affect agronomic yield and seed oil
components in sunflower. Considering the damage caused by pesticides to the environment, herbicide application
should be avoided when mechanical hoeing is economical or cost-effective.
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Pattern of Agricultural Progress in India’s North-East and the Contributing Factors:
An Econometric Analysis
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Abstract

Despite being blessed with rich agro-climatic conditions, the largest agrarian state in India’s North-East, Assam
recorded relatively poor agricultural growth, since independence. The question of agricultural performance in
terms of use of factors and growth pattern always arise that seems to vary in different stages of policy shift.
Agricultural diversity increased in the initial phase with the expansion of agricultural area but slowed down in the
later stages. However, the nature of agricultural diversity and use of resources including land allocations reflects
the adaptation of farming community, absorption of labour force and sustainability of earning of farmers. The
objectives are to analyze: i) the pattern of agricultural growth, diversity; ii) relative contribution of crop
diversification, yield and area towards output growth in the pre-Green Revolution, Green Revolution and Post-
Reform period,; iii) association of various factors with crop yields in the short run and the adjustment process in
the long run. Using secondary data, semi-log linear and spline regression functions we examined the growth and
stationarity of growth processes is checked by ADF test. Times series analyses like cointegration and ARDL bound
testing approach has been followed to examine the relation of various factors with yield of various crops in the
short and long run. The ECM also provides the process of adjustment and CUSUM(Q) test is used for checking
fitness of the models. Changes in diversity are analyzed through Herfindahl Index and the additive decomposition
technique is employed to examine changing contribution of growth of yield, area and cropping pattern and their
interactions. The result reveals varied impacts of main weather variable (rainfall), technological factors and
cropping intensity on the yields of crops in different phases since 1950-51. Area effect on output and cropping
pattern growth though declined, yield growth contributed increasingly in successive sub-periods in Assam.
However, the contribution of modern technology towards the growth has not been uniform in the three major stages
of agricultural transformation in Assam.
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De & Tamang
Pattern of Agricultural Progress in India’s North-East and the Contributing Factors: An Econometric Analysis

1. Introduction
1.1 Background

Agricultural progress is crucial for the economic development of several developing countries. Besides
providing food, agriculture absorbs large labour force, thus provide income and employment to the rural masses.
Development of agriculture in a region depends on agro-climatic specifications, socio-economic conditions of
people, technical and institutional factors of that area. Existence of wide regional diversities and variations of the
factors ultimately lead to uneven agricultural development across the region or country. Though the seed-water-
fertilizer package (Green Revolution) was introduced in the mid-1960s to achieve self-sufficiency in food grains
production, it was mainly confined to Punjab, Haryana and Western Uttar Pradesh. The Green Revolution
technology gradually spread over the eastern parts of India during 1980s and the pace of adoption in North-East
India has been very slow.

Assam is the largest agrarian state in North-East India, with varied agro-climatic endowments and agricultural
diversity. Thus, varieties of food, non-food as well as horticultural crops are produced in this region depending
upon the availability of various inputs, infrastructure and agro-implements. There are three distinct paddy growing
seasons in the state viz., autumn, winter and summer paddy. Among these three seasonal varieties, winter paddy
occupies the dominant position followed by summer paddy. Mustard is the most important non-food crop
cultivated in winter. Also, maize, millets, tea, sugarcane, arecanut, banana are grown. Though over 70 percent of
population of Assam relies on agriculture for livelihood, its contribution to Gross State Domestic Product (GSDP)
has declined from 57.24 per cent in 1970-71 to 15.64 per cent in 2019-20 (Directorate of Economics and Statistics,
Assam).

The state has not yet shown noticeable growth in use of modern technology in agriculture. About 47 per cent
of area under paddy is covered by high yielding varieties (HYV) and merely about six per cent of gross area under
cultivation (GCA) is covered by irrigation. Thus cropping intensity is pegged at low level (147.81 per cent). Per
hectare fertilizer consumption is around 70 kg (Statistical Handbook of Assam, 2020).

A comparison with all India picture helps us to understand the prevailing agricultural status of Assam. While
all India average cropping intensity increased from only 112 per cent in 1951-54 to 152 per cent in 2017-20; in
Assam it increased from 106 per cent to 148 per cent during that period. Irrigation intensity at all India level
increased from merely 17 per cent to about 50 per cent during last seven decades, in Assam still 6.43 per cent of
GCA is covered under irrigation during 2017-20, although there are numerous Himalayan rivers and tributaries. It
shows the underdeveloped status of irrigation prevailing in Assam. The rising cropping intensity whatever possible
indicates that much of its increased area is without irrigation and at the mercy of rainfall. In terms of fertilizer
consumption Assam was above all-India average with figures respectively 0.71 and 0.69 Kg per hectare in 1951-
54, it increased to 70.34 Kg per hectare in Assam in comparison to phenomenal increase at all India level to 130.26
Kg per hectare in 2017-20. Also, coverage of HY'V seeds in Assam is 47.53 per cent of GCA as against 57.49 per
cent of all India average during 2017-20 (Govt. of India, Website: eands.dacnet.nic.in).

1.2 Objective

Agricultural growth is necessary not only for attaining high overall growth but also to address poverty.
Understanding its nature of growth and contributing factors would help us to understand various issues related to
agricultural growth and its change over time. Also, analysis of the nature of cropping pattern changes helps us to
understand the nature of agricultural development and contribution of crop diversity towards agricultural growth.
With this view in mind, this paper examines the growth of major crops (area, production and yield) and the use of
various inputs associated with the production process.

Understanding the process of agricultural growth and application of factor inputs and technology would help
in designing agricultural activities not only in India but also in other parts of the world depending on the regional
agro-climatic conditions and available technical factors. Thus, the outcome of this paper would be of immense
help in policy making for the farming community despite varied regional conditions.

The rest of the paper is organized as follows. In the next section a detailed review of literature is presented,
which is followed by data and methodology and then the results with a detailed discussion. Finally, it ends up with
concluding remarks.
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1.3 Studies on Agricultural Development, Crop Diversity and Roles of Various Factors

Plethora of studies on agricultural development, crop diversity and the contributing factors are there and the
relevant studies are reviewed here. Significant growth of area, production and yield of major crops in different
parts of India over time has been observed in the studies of Bhalla and Singh (1997); Kalamkar, Atkare and Shende
(2002). In general, variability of production has been more than the variability in area and yield during 1949-50 to
1997-98. High growths in production of foodgrains, cotton and sugarcane in the second half of 20th century were
mainly due to yield effect. Contribution of growing cultivated area was seen for tur and oilseeds and area-yield
interaction effect was recorded for wheat. Subrahmanyam and Sekhar (2003) found the annual growth of
agriculture (total factor productivity) in Andhra Pradesh to be 3.5 per cent during 1955-56 to 1975-76 and it
decelerated afterwards due to inadequate irrigation, changing agro-climatic conditions, limited investment in
agricultural research. However, fertilizer application was recorded to be very high. Agriculture in Assam has also
been subject to wide spatio-temporal variation with a slow process of adaptation and diversification to changing
climate (De and Bodosa, 2015), but concentration of a few crops has been observed in case of West Bengal after
1980 due to commercialization and technological expansion (De and Chattopadhyay, 2010).

Although the economy of India has undergone structural transformation over time, with declining share of
agriculture in GDP, dependence of rural workforce on agriculture for employment has not declined (Singh, 2010).
Thus, pressure on agriculture is mounting to raise farmers’ income. Changing cropping pattern revealed that after
green revolution cultivation has been inclined to some high value non-food crops. The result of state-level analysis
by Bhalla and Singh (2011) showed outstanding progress of labour productivity in the reform period with the
adoption of new technology. It was however confined only to the irrigated areas. Diversification in favour of high
value crops was observed, but during the post-reform period deceleration in rate of growth happened primarily for
the decline in investment in irrigation or management of water resources. In some regions, it was due to decreasing
input use efficiency and weather uncertainties (De, 2003). Like studies in other regions (De, 2000; De and
Chattopadhyay, 2010; De and Bodosa, 2015), Kumar and Singh (2014) noted deceleration in area and production
of sugarcane is observed in the state of Haryana, though yield growth was positive.

The decomposition analysis revealed that high growth rate in agriculture was due to cropping pattern shift
towards high value crops (fruits, horticultural crops) and rising yield in Gujarat during 1990-2010 (Pattnaik and
Shah, 2015). Crops exhibiting higher growth also show greater variability in yield and price. But the price effect
of individual crops has increased over time with reduced yield effect. Price-area, price-yield interactions were
stronger during 2000s as compared to 1990s. Substantial price increase is associated with favorable variation of
area and yield during the 2000s when price effect was more important than the yield effect.

Zhai et al. (2017) examined the relationship among yield of wheat, use of machine, area under cultivation of
wheat, fertilizer used, precipitation and temperature in Henan Province in China during 1970 to 2014. ARDL
model was employed to test the influence of climatic factors as well as technical factors on yield of wheat in the
long run. The climatic factors were found to have weak impacts on yield of wheat, while technical progress was
primarily responsible for increasing yield of wheat. In the same way, Jena (2021) using Panel Autoregressive
Distributed Lag (PARDL) model in selected districts of Odisha found adverse impacts of rising temperature and
rainfall on the production of crops, which was similar to the findings of Chandio et al. (2019), and Guntukula and
Goyari (2020). Using regression analysis, Reddy and Dutta (2018) found that pesticides, rainfall, electricity and
use of HYV seeds have statistically significant impact on agricultural GDP but the impacts of fertilizer and net
irrigated area were insignificant. Paria et al. (2021) revealed that greater irrigation facilities, diversified crop basket,
use of more chemical fertilizers and higher yield positively affect cropping intensity. Moreover, rainfall variations
and share of GSDP in agriculture have no significant impact on increasing cropping intensity.

2. Materials and Methods
2.1. Description of Data

The study is confined to the selected major crops (Paddy, Wheat, Tur, Mustard, Jute, Potato and Sugarcane) of
Assam. The chosen crops are widely grown in the state and these crops together shares about 75 per cent of the
total area under cultivation thus promp us to use for the purpose of analysis. Also, the selection of these crops is
based on the availability of continuous data for the period 1951-52 to 2019-20. The entire study period is divided
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into three sub-periods. Period I: Pre-Green Revolution (1951-54 to 1968-71), Period II: Green Revolution (1971-
74 to 1988-91), and Period III: Economic Reforms (1991-94 to 2017-20). Although Green Revolution in India
started in mid-1960s, it reached Assam in 1970s and very slowly. Thus, 1971 is considered here as the initial year
of Green Revolution period in Assam. The decade of 1990s is well known for a series of economic reforms,
including liberalization of agricultural market have taken place. The reasons to study those sub-periods are to
examine if there has been any substantial change with the change in regime and economic policy adopted in the
country and comparison of results of these sub-periods would provide an insight into the changes in sources of
agricultural growth across different sub-periods.

The study is based on secondary data. Time series data on area, production and yield of the above-mentioned crops,
gross cropped area (GCA), and rainfall are collected from Directorate of Economics and Statistics (DES),
Government of Assam, Agriculture and Cooperation Department of Government of India for the period 1951-52
to 2019-20. Data on irrigation were available in the office of Chief Engineer, Irrigation Department of Assam since
1981-82. Area under high yielding varieties of crops in Assam was available since 1981-82 and that on fertilizer
use was available from 1961-62 to 2019-20.

2.2 Methodology

Semi-log regression model is run to estimate the exponential growth rate of area, production, and yield. The
regression equation used is Log Y= a + Pt (Eq. 1),

where, Y; represents value of dependent variable (area, production, or yield) at time ‘t’, t is the time in year and
a, B are the two parameters. Here, f is the annual exponential rate of growth of Y.

Besides, Poirier (1973) linear spline regression (Johnston, 1972) is employed to capture the trend effects of
different periods. Considering linear trend, the regression equation for three different sub-periods assuming
different slopes may be written as

Yi=axtPrt+ufort<a (Eq. 2), where a = (1971-72)
Yi=o2+ P2t +ufora<t<b (Eq. 3), where b = (1991-92)
Yt:(l3+B3t+Utf0rb<t (Eq4)

Combining all these equations (2, 3 and 4) with LnYy, as dependent variable, it can be estimated together as
Ln Y{= o1+ 81D1t + 82Dzt + 83Ds + Us (Eqg. 5)
Where, D1 =t (for the period from 1951-52 till 1970-71)

Da=0fort<aDy=t—afora<t<b (for the period from 1971-72 to 1990-91)

D3t=0 fort <a Dz =t—Db for a <t <b (for the period from 1991-92 to 2019-20)

Comparing equation set (2), (3) and (4) with equation (5), we find

B1 =01

B2 =81+ 82 and

B3 =81 + &2 + 83, which are nothing but the trend coefficients of the respective sub-periods.

After establishing the sub-period growth rates of area, production, and yield of selected crops all the variables
have been checked for stationarity by using Augmented Dickey Fuller (Unit Root) Test with Schwarz Info
Criterion (SIC) including intercept and time trend. It is checked for both the level and first difference form (Dickey
and Fuller, 1979, 1981). Some of the variables are found to be stationary, which means integrated of order zero
and others are integrated of order one. The test is done by using the following equation:

AYir = i + Bi.t +yio Yie-r + 2 8ij AYi, t—j T &it (Eq. 6).

Here, Y is the value of respective dependent variable at time t. The inference is drawn based on the usual
Dickey—Fuller t- statistic of yio, which has a non-standard distribution.
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2.3 ARDL Model

Growth and diversity of agricultural crops is a continuous process influenced by several factors such as the use
of physical inputs, irrigation, weather condition, market, access to credit, institutional and infrastructure
development. Analyzing the effect of relevant variables within a simple framework is difficult as these variables
affect crop output through various mechanisms. However, an attempt has been made to analyze the impact of
irrigation, rainfall, chemical fertilizer and cropping intensity on output of the selected crops by estimating
Autoregressive Distributed Lag (ARDL) model also known as bound testing cointegration technique as developed
by Pesaran and Shin (1999), Pesaran et al. (2001). Since variables under consideration here are found to have
different order of integration, ARDL model has been employed. Besides, it generates both the short run and long
run coefficients simultaneously and follows the usual OLS procedure for cointegration among variables.
Accordingly, the following general form of ARDL model with n lags for variable Y and m lag for variable X is
specified as

Y=ot Xty a;Ye i+ XLy BiXe—i + Ut (Eq.7)
Whereas the general form of ARDL error correction model is as follows:
AYr= a0+ 2 BjYei + XBiXej + QECMei + & (Eq. 8)

In the above equation, ¢ shows the speed of adjustment parameter and for significant ECM model ¢ must be
negative. Error Correction Term specifies the short run adjustment of variables towards the long-run equilibrium.
ECMy. is the residuals that are acquired from the estimated cointegration model.

The implicit relationship of yield of crop with variables is specified as follows:
Yield = f(Cultivated Area, Rainfall, Fertilizer Consumption, Irrigation, Cropping Intensity) (Eq. 9)

Here, irrigation and fertilizers capture the influence of technology, rainfall stands for changing climatic
condition (significant proportion of cultivated area depend upon rainfall and its variation affects crop output
substantially). Similarly, proxy for land (area under cultivation) is captured by cropping intensity as net sown area
remains more or less constant over the years. This linear combination is transformed into log-linear model which
would present suitable and proficient outcomes as compared to the simple linear model.

LnYi= Bio + Bil LnAj + Biz LnRAIN; + Bi3 LnFER;+ Bi4 LnIRRI:+ Bi5 LnCl; + Wit (Eq 10)

Where, Y represents the yield of i" agricultural crop, A represents area under i™ crop, while RAIN;, FER,
IRRI; and CRI; represent rainfall, consumption of fertilizer, irrigation and cropping intensity respectively.

The ARDL model has two steps for estimation. In the first step, we examine the presence of a long-run
relationship between the agricultural crops and study inputs by using the model.

P P p P
ALnYi = ap + Z}.zlali}-ALnYit_k + Z}.zlazi}-ALnAit_k + Zj=1a3ijALnRA1Nt_k + ijla“jALnFERt_k +
Xy asyALMIRRI + X7 aqiALNCl + Bui LnYiua + Bai LnAws + Pai LNRAINy + Bsi LNFERw + Bsi
LnIRRI¢. + Bei LnCle1 + it (Eq 11)

In the second step, we estimate the short-run relation among the study variables using the error Correction
Model (ECM), which is written as

14 14 p 14
ALnYit= a + ijl @y ALYy + ijl apijALnA; ) + ijl @s3;;ALNRAIN, _, + Zj=1 @4ijALNFER,_,,
P P
+ 2y @siyALNIRRI, + 3. @i ALNCl,_ + 9ECMiua + i (Eq. 12)

2.4 Bound Testing Procedure

In ARDL Bound testing, long-run relationship among the variables is checked. At first, cointegration among
the variables is checked. The null hypothesis that Ho: Bji = 0, for all j =1, 2, ..., 6 indicates the absence of any
cointegration among yield, area under crop, rainfall, consumption of fertilizer, irrigation and cropping intensity.
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Wald F-statistic is used to check the significance of lagged levels of the variables in a conditional unrestricted
equilibrium error correction model. The test includes the F-test of the joint significance of the coefficient of lagged
variables to verify that there is a long-term relation among the variables. Pesaran et al. (2001) has provided one
upper and a lower critical value for testing. If the computed value of F-statistic is greater than upper critical bound,
then the Ho is rejected, and the variables are considered to be co-integrated. On the other hand, if the value of F-
statistic is lower than the lower critical bound (LCB), then the variables are not co-integrated. However, if value
of F-statistic falls within the lower and upper critical values band then inference of inconclusive test is drawn.
Akaike Information Criterion (AIC) is used for appropriate lag selection. At this stage, the long run elasticities B1i,
B2i, Bai, Pai, Psi, and Pei are obtained.

2.5 CUSUM and CUSUMQ Test

After confirming long-run relationship among the variables, we incorporate cumulative sum (CUSUM) and
cumulative sum of squares (CUSUMAQ) tests (Brown et al., 1975). These tests are used to check the goodness of
fit for ARDL model as suggested by Pesaran et al. (2001) to incorporate the residuals of the error correction model
and the results are presented in graphical form. For existence of the stability the plot of CUSUM and CUSUMQ
have to lie within the 5% critical band.

2.6 Diversification of Crop and its Contribution to Agricultural Growth

For simplicity and its wide application, Herfindahl Index (HI) of diversification is used for measuring crop
diversity and its variation over time. Mathematically, the index HI = Y (P;)? (Eg. 13) where, P; represents
acreage proportion of i crop in total cropped area. The value of the index ranges between 0 and 1 and a higher
value of HI implies less diversification i.e., more concentration and vice-versa. On the other hand, the Simpson
Index (SI) measures the extent of diversity and is written as SI = 1 - Ypi 2, where p; represents proportion of area
under i crop to GCA. A zero value means that the total cultivated area is dedicated to a single crop (perfect
specialization) and if the area is evenly distributed among all the crops (i.e., maximum diversification), it
approaches to one.

The additive decomposition of agricultural growth (Minhas and Vaidyanathan, 1965) has been used to examine
the relative contribution of area, yield, cropping pattern and their interactions to total change in output. It has been
worked out as follows:

Changes in output during a period AQ = Qt— Qo = At > .CitYitPio — Ao Y CioYioPio,
= (At —Ao) X.CioYioPio + Ao Y Cio (Yit —Yio) Pio + Ao Y.(Cit — Cio) Yio Pio + (At —A0)>.(Cit —Cio) YioPio
+ (At—Ao) >Cio (Yit—Yio) Pio+ Ao Y(Cit —Cio)(Yit —Yio)Pio + (At—A0) X(Cit — Cio)(Yit —Yio) Pio (Eq. 14)

Where, Qo and Q: represent total value of agricultural output at constant price (Pio) of the region in the base
and final period respectively. Ao and A; are GCA in the base and final period respectively. Cio = (Aio/Ao) and Cit =
(Ai/Ao) are respectively the proportion of area under i crop to GCA in the base and final period and Y and Yo
represent yield of i™" crop in the base and final period, Pi, is the harvest price of i crop in the base period (here
1951-52). On the right-hand side of equation (14), the first three components represent direct effects of area, yield
and cropping pattern, which means the change in output due to variation of single factor only keeping the other
two factors constant. The next three components are the interaction effects of area-cropping pattern, area-yield,
and cropping pattern-yield. The last one is the interaction of all i.e., area, yield and cropping pattern.

3. Results and Discussion
3.1 Agricultural Growth

Substantial growth in area and production of major crops has been recorded during the first two sub-periods
i.e., 1951-54 to 1970-73 and 1971-74 to 1990-93. Whereas, during the reform period (1991-94 to 2017-20), a
significant diversity towards a few crops has been observed (Table 1). Yield of major crops also grew faster during
the Green Revolution period and that continued in the third period, excepting wheat, tur, jute and sugarcane.
Growth rate of area and production of autumn paddy have been positive but decelerated in the later period and
became negative during Period III. Although positive area and production growth rate of autumn paddy was not
associated with yield growth (which was negative) in the Period I, its yield attained accelerated growth in periods
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I1 and I11. Increase in production of winter paddy during Periods I and II was due to the expansion of cultivated
area. However, during period III growth rate of production declined despite acceleration in yield growth.
Production growth rate of summer paddy was the highest at 11.62 per cent annual exponential rate during Period
I, which decelerated in Period II and increased further during Period III. Increase in production was the result of
increase in area and yield of summer paddy during all the sub-periods.

Table 1. Annual Exponential Rate of Growth of Area, Production and Yield of Major Crops in Assam
(1951-54 to 2017-20) (per cent)

Area Production Yield
Crops Period I Period I/ Period /Il Period I Period /I Period /Il Period / Period /I Period /Il
Autumn Paddy 2.52*** (0.41* -574*** 1.98*** (.88 -3.72***  -0.53 0.47 2.14***
Winter Paddy  0.90*** 1.07*** (0.31*** (.97*** 2/18*** 1,96*** 0.07 1.10%** 1.64***
Summer Paddy 11.51%** 4.27*** 445*** 11.62*** 4.46%*** §,92*** 0.10 0.18 2.36%**
Total Paddy 1.36*** 0.98*** -0.16* 1.23*** 2,03*** 2.06*** -0.13  1.04*** 223***

Wheat 9.08*** 5.28*** -6.20*** 8.90*** 4.69*** -598***  -0.17 -0.56* 0.33
Tur 0.89  3.10*** -0.68*** 3.05*** 2.92*** (0.43**  2.14** -0.18  1.11***
Rape & Mustard 0.98*** 5.50***  -0.13 0.64 6.38*** 0.96** -0.33 0.83*  1.10***
Jute 0.30*** -1.28*** -1.19***  0.45 -0.13 -0.45 0.15 1.16**  0.75***
Potato 1.97*** 539*** 1.78*** 035 8.56*** 146** -158 3.00** -0.31
Sugarcane 1.44***  0.61 -0.62** 3.68*** 11.31*** -0.77** 2.21*** 10.63*** -0.15

Note: *** ** and * indicates significant level of 1%, 5% and 10% respectively

Growth rate of production of wheat was significantly positive during Periods I and II, which however became
significantly negative during Period III. Area of wheat also followed a similar pattern; yield growth has been
insignificant throughout the study periods. Growth rates of area and production of tur has declined during the
period III though it was positive in the initial years and the yield growth rate declined continuously till the Period
MI. Production of mustard also saw accelerated growth from first to second sub-period and declined again during
Period III. The increase in production in earlier Green Revolution period was due to growth of area under
cultivation, which was however negative during Period III. The yield growth however followed a continuous
upward trend. Jute and sugarcane saw declining trend in area and production with the progress of agriculture
despite some increase in its yield. The growth rate of production for potato was positive over all the periods,
alongside the area and yield, particularly in Periods Il and I11.

Table 2. Annual Exponential Rate of Growth during different Sub-periods Obtained from the Estimation of
Spline Function (per cent)

Area Production Yield
Crops Period I Period I Period /I Period / Period I/ Period 7l Period I Period I/ Period I/
Autumn Paddy  2.56*** -1.72*** -8 14*** 266 *** -1.81*** -6.10***  0.09 -0.09  2.22%**
Winter Paddy ~ 0.92*** (.29*** -0.62*** 1.58*** (.30 0.51 0.66***  0.01  1.14***
Summer Paddy 9.44*** -420%** -4,93*** 10.63*** -4,83*** -3.61*** 1.08*** -0.66 1.39***
Total Paddy 1.34***  -0.13 -1.52*** 1.89*** -0.13 0.32 0.54***  -0.01 1.87***

Wheat 12.35%**  1.89 -17.23*** 14.21*** 2.25*** -18.37*** 1.66***  0.35 -1.39**
Tur 277> 2.18%*%* -3.33*%%* 3.01*** 235*** -287*** (.23 0.18 0.47
Rape & Mustard 2.52*** 1.36*** -2.12*** 286*** 1.65** -1.23** 0.33** 0.29 0.91**
Jute -1.04***  0.49 -0.48 -0.40* 0.36 -0.20  0.65***  -0.13 0.28
Potato 3.31***  -0.10 -0.96*** 5.03*** -0.21** -2.15** 1.67*** -0.11 -1.20*
Sugarcane 0.73*** 2.00*** -1.77**% 8.20*** -3.55*%** -6.73*** T AL1***  5.44*** 505%**

Note: *** ** and * indicates significant level of 1%, 5% and 10% respectively

During Period I, stable and positive production growth rate of major crops was mainly due to increase in area
for all the crops except for tur and sugarcane (Table 1). It may be noted that during Period I there was very little
modernization of agriculture in Assam, as reflected from inadequate usage of fertilizer, negligible irrigation and
lack of technological innovation. Area growth continued to be positive during Period II except for jute. However,
increase in area growth rate was more in case of tur, mustard and potato, which indicates accelerated pace of
diversification for non-food crops during that period. Growth rates of production were also observed to be positive
and stable for most of the crops and yield growth also improved except for wheat and tur. Period II, the phase of
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Green Revolution in Assam, recorded faster growth of yield with the gradual adoption of modern techniques.
During Period III, growth rates of area and production were negative for most of the crops, as land size was inelastic
and land use for other purposes also grew. But positive growth of yields of most of the crops has been recorded
for the growing usage of fertilizer, irrigation and certain modern implements. Summer paddy also managed to
maintain a significant positive growth throughout the periods.

Table 3. Unit Root Test for Stationarity of Log of Area and Yield of Major Crops, Rainfall,
Irrigation, Fertilizer and Cropping Intensity during 1951 to 2019

Variable Level e raon Variable  Level e ration
LaAP o0 ooy D LivAP o oo @
LnAWP ((-).légg) ((1310?5 I1)  LnYwp (o_.%'ffs) (6.1c326<5)51) 10)
LnASP ((-).Zigg) (ggg) I1)  Lnysp (o_.%ggz) (%)00%;)1 10)
LnATP (6.1911?)) ((1300?)(‘)9 i1 LnvTP (o_.%614) (o_.%gga) (1)
LnAWT (09558) ((?c?c?) i)~ LnywT (o_.%ggg) (ogc?(?) 10)
% a8 W wm de o2 o
TR T
G R 0w an s o
LnAPT ((_).162;) (%)Oog 1) LnvPT (o_.éggs) (0102022) 10)
LnASG (00..72556) (0—.(2383;31) 1) LnYSG (o_.23'<;1130) (3(?(?) ()
LNRAIN (6.17'2?3) (gc?g) 1) LnFER (o_.%ggs) (%)008 )
Lnigri 189 "8.10 1(2) LnCRI -1.64 "8.15 1(0)

(0.649) (0.00 (0.7657) (0.00)
Critical Value: 1% (-4.10), 5% (-3.48), 10% (-3.17)

Note: AAP, AWP, ASP, ATP, AWT, ATR, ARM, AJT, APT, ASG indicate — area under autumn
paddy, winter paddy, summer paddy, total paddy, wheat, tur, mustard, jute, potato and
sugarcane respectively. Similarly, YAP, YWP, YSP, YTP, YWT, YTR, YRM, YJT, YPT, YSG
represent yield of autumn paddy, winter paddy, summer paddy, total paddy, wheat, tur, mustard,
jute, potato and sugarcane respectively. Also, RAIN, IRRI, FER, CRI represent rainfall,
irrigation, fertiliser and cropping intensity.

More or less a similar picture is observed in the growth of area, production and yield during various sub-periods
from the result of linear spline regression model (Table 2). Only, there was very high growth of area and yield of
summer paddy that resulted in significant production growth during Period I. However, during Period II, decline
in yield was observed and it bounced back during Period III. In case of total paddy, annual exponential growth rate
of area under cultivation and production decelerated, while yield growth recorded an accelerated trend from Period
I to Period III. During Period I, there were marked growth in production of all the crops except jute and it was the
result of both area and yield growth. But, during Period II, trends of production, area and yield of autumn and
summer paddy, potato and sugarcane were negative. During Period III, improvement in yield was observed for
wheat, potato and sugarcane as compared to the previous period. In general, there has been a decelerating trend in
area of several crops over the periods except for a few crops. However, growth rate of yield improved for most of
the crops due to better application of modern agricultural inputs and implements.

3.2 Unit Root Test Results

Bound testing approach is necessitated for all the variables to be integrated of 1(0) or 1(1) or of both nature but
not integrated of 1(2) for the computation of F-statistics. In order to find the order of integration, Augmented
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Dickey Fuller test is employed. The results reveal that log of area under all the crops are 1(1) except area under
jute, which is stationary (Table 3). On the other hand, log of yield of winter and summer paddy, wheat, mustard,
jute, potato and cropping intensity are stationary (i.e., 1(0)) while, the other variables including log of yields of
other crops, rainfall, irrigation, fertilizer are non-stationary (i.e. 1(1)).

3.3 Lag Selection Criteria and ARDL Bound Test Cointegration

Before applying ARDL bound test to check for any cointegration among yield of a crop, area under crop,
rainfall, use of fertilizer, irrigation and cropping intensity; it is necessary to select an appropriate lag order of the
variable. The optimal ARDL model for the dependent variables has been chosen based on the Akaike Information
Criterion, which is presented in Table 4. It is observed that lag 1 is the best fit for the chosen sample size. Also,
the findings of cointegration test on the basis of ARDL bound testing approach are displayed in Table 4. The F-
statistics are greater than upper bound values at 1% level of significance for the dependent variables LnYAP,
LnYWP, LnYSP, LnYTR, LnYRM, LnYJT, LnYPT and LnYWT, which confirms the presence of long run
relationship among the variables under consideration. In case of dependent variables LnYTP and LnYSG, the
computed value of F-statistics falls below the lower bound values and thus the null hypothesis of no cointegration
cannot be rejected. Even if there is no cointegration, one may estimate the short run relationship between the
variables under consideration but not the long run one.

Table 4. ARDL Cointegration Bound Test Results

Dependent Variables Optimal Lag Structure F-Statistics
LnYAP (1,0,0,1,1,0) 7.462054***
LnYWP (1,0,0,0,0,1) 4.796705***
LnYSP (1,3,2,1,0,1) 5.075069***
LnYTP (1,1,1,0,1,0) 1.947115
LnYWT (1,0,0,0,0,1) 4.683062**
LnYTR (1,1,0,0,0,0) 6.397678***
LnYRM (1,0,1,0,0,1) 5.984123***
LnYJT (1,0,0,0,0,0) 9.024761***
LnYPT (1,1,0,1,0,0) 5.813036***
LnYSG (1,0,0,0,0,0) 2.213922
Critical Values (%): 1 5 10

Lower Bound 1(0): 3.41 2.62 2.26

Upper Bound I(1): 4.68 3.79 3.35

Note: *** and ** indicate significance at 1% and 5% level respectively.

3.4 Long Run and Short Run Analysis

Table 5 presents the short-run and long-run coefficients estimated by using ARDL Model (Eg. 11). For yield
of autumn paddy, none of the short-run coefficients is found to be statistically significant. But the long run
coefficients of lagged yield of autumn paddy and its area under cultivation is statistically significant. In the long
run, negative coefficient of area under autumn paddy indicates inverse relationship between yield and area. For
yield of winter paddy, both the short and long run coefficients of area under cultivation are positive, while rainfall
has significant positive relation in the long run, but it adversely affects in the short run. Cropping intensity is found
to have negative relationship with yield of winter paddy in the short run, though it is positively related in the long
run. These results suggest the long run positive association for the growing application of fertilizer.

In case of yield of summer paddy, the area under cultivation and rainfall has significant positive association.
In the short run, most of the variables have significant inverse association; while in the long run, area under
cultivation, rainfall, fertilizer, irrigation and cropping intensity have significant positive relation. The coefficient
of consumption of fertilizer and cropping intensity are positive in case of yield of summer paddy, indicating the
intensive practice of it with the passage of time. The result further reveals that for 1% increase in consumption of
fertilizer, yield of paddy overall is increased by 0.12%.

In case of wheat, cropping intensity has significant short-run negative association with yield. For each 1%
increase in cropping intensity, overall yield of wheat is decreased by 0.06%. In case of yield of jute, irrigation has
significant positive association in the long run. In this case, for 1% increase in irrigation facility caused increase
in yield of jute by 0.0113%. As cultivation of jute is dependent on warm and wet climate, availability of irrigation
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facility helps to increase yield of jute. In case of yield of tur, in the short run rainfall and irrigation are found to
have positive association while area has negative association. Area under cultivation cannot be increased as
cultivation of tur coincides with the timing of winter paddy in Assam (June-July). Rainfall and irrigation facility
boost tur production in the short run. Whereas in the long run, rainfall and irrigation have negative association with
yield; but fertilizer and cropping intensity have significant positive association.

Table 5. Results of ARDL Models Exhibiting Short- and Long Run Coefficients

Variables Coefficient

t-Statistic

Variables Coefficient

t-Statistic

Dependent Variable: D(LnYAP)

Dependent Variable: D(LnYWP)

c 8.4681***  3.7107 (0.0005) C 0.9608  0.2774 (0.7826)
D(LnYAP(-1))  -0.1438  -0.9275(0.3582) D(LnYWP(-1))  -0.2375*  -1.7534 (0.0858)
D(LnAAP) -0.1555  -0.3858 (0.7013)  D(LnAWP) 0.4848*  1.7130 (0.0930)
D(LnAAP(-1))  -0.0182  -0.0439 (0.9651) D(LNAWP(-1))  0.5507*  1.9413 (0.0580)
D(LnRAIN) ~ 0.0049  0.2487 (0.8046)  D(LnRAIN) -0.0073  -0.7997 (0.4277)
D(LNRAIN(-1))  0.0681  0.3731(0.7106) D(LnRAIN(-1))  0.2149**  2.6110 (0.0119)
D(LNFER) 0.1689  1.2422 (0.2201) D(LNFER) 00778  1.2444 (0.2193)
D(LNFER(-1)  -0.0604  -0.4210 (0.6756)  D(LNFER(-1) -0.1048  -1.5044 (0.1389)
D(LnIRRI) -0.0075  -0.5801 (0.5645)  D(LnIRRI) -0.0004  -0.0754 (0.9402)
D(LnIRRI(-1))  0.0011  0.0930 (0.9263) D(LnIRRI(-1))  0.0076  1.3704 (0.1768)
D(LNCRI) 01112  0.4192 (0.6768) D(LnCRI) 00142  0.1166 (0.9076)
D(LNCRI(-1))  -0.0041  -0.1278 (0.8988) D(LnCRI(-1))  -0.0293*  -1.9528 (0.0566)
LNYAP(-1)  -0.7187*** -3.6599 (0.0006)  LnYWP(-1)  -0.3798*** -2.8037 (0.0072)
LnAAP(-1)  -0.3000*** -3.0869 (0.0033)  LnAWP(-1) 0.0965  0.3628 (0.7182)
LnRAIN(-1)  -0.1262  -0.6512 (0.5179)  LnRAIN(-1)  -0.2154** -2.4595 (0.0175)
LnFER(-1) 00167  0.5133(0.6100)  LnLnFER(-1)  0.0399**  2.3460 (0.0231)
LnIRRI(-1) 0.0049  0.6653(0.5090)  LnIRRI(-1) -0.0026  -0.7500 (0.4568)
LnCRI(-1) 0.2182  0.6941 (0.4909) LnCRI(-1) 0.3407**  2.3499 (0.0228)

Dependent Variable: D(LnYSP)

Dependent Variable: D(LnYWT)

C 2.6708***  3.8898 (0.0003) C 3.2792%**  3.4182 (0.0013)
D(LnYSP(-1))  -0.1840  -1.2932(0.2020) D(LnYWT(-1))  -0.0102  -0.0757 (0.9399)
D(LnASP) -0.0270  -0.2803 (0.7804)  D(LnAWT) -0.0847  -0.8080 (0.4230)
DLn (ASP(-1)) 0.2386**  2.6004 (0.0123) D(LnAWT(-1))  0.0493  0.5198 (0.6055)
D(LnRAIN)  -0.0055  -0.2938 (0.7701)  D(LnRAIN) -0.0064  -0.3255 (0.7462)
D(LNRAIN(-1)) 0.2856*  1.7954(0.0788) D(LnRAIN(-1))  0.2189  1.2314 (0.2240)
D(LnFER) 0.1807  1.3192 (0.1932) D(LNFER) 0.0908  0.6573 (0.5141)
D(LNFER(-1)  0.0437  0.3326(0.7409)  D(LNFER(-1) 0.0949  0.6366 (0.5273)
D(LnIRRI) -0.0070  -0.6059 (0.5474)  D(LnIRRI) -0.0079  -0.6138 (0.5421)
D(LnIRRI(-1))  0.0063 05644 (0.5750) D(LnIRRI(-1))  0.0069  0.5601 (0.5779)
D(LNCRI) 0.1790  0.7607 (0.4505) D(LnCRI) -0.1264  -0.4743 (0.6373)
D(LNCRI(-1))  -0.0155  -0.5377 (0.4505) D(LnCRI(-1))  -0.0641* -1.7074 (0.0941)
LnYSP(-1)  -0.3839*** -3.2991(0.0018)  LnYWT(-1)  -0.5776*** -4.0631 (0.0002)
LnASP(-1)  -0.2017** -2.0437 (0.0464)  LnAWT(-1) 0.0296  0.6629 (0.5105)
LnRAIN(-1)  -0.3913** -2.4899 (0.0162)  LnRAIN(-1) -0.1568  -0.9141 (0.3651)
LNFER(-1)  0.2325***  3.0067 (0.0042) LnFER(-1) 00279  1.0221 (0.31180
LnIRRI(-1)  -0.0168** -2.4926 (0.0161)  LnIRRI(-1) -0.0106  -1.2688 (0.2105)
LnCRI(-1)  0.6539**  2.5502 (0.0139) LnCRI(-1) 0.3003  1.0945 (0.2791)
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Table 5. (continuance).

Dependent Variable: D(LnYJT)

Dependent Variable: D(LnYTR)

C 5.4109%*  2.0454 (0.0462) C 5.4762*** 58885 (0.0000)
D(LnYJT(-1))  -0.1052  -0.7283 (0.4698) D(LnYTR(-1))  -0.0019  -0.0269 (0.9786)
D(LnAJT) 0.1727  0.8890 (0.3783) D(LNATR)  -0.2331*** -3.2510 (0.0021)
D(LnAJT(-1))  0.0237  0.1305(0.8976) D(LnATR(-1))  -0.0849  -1.2263 (0.2259)
D(LnRAIN)  -0.0038  -0.2288 (0.8200)  D(LnRAI) -0.0030  -0.3285 (0.7439)
D(LNRAIN(-1))  0.0708  0.4713(0.6395) D(LNRAIN(-1)) 0.2572***  3.1354 (0.0029)
D(LnFER) 0.0179  0.1587 (0.8745) D(LNFER) -0.0708  -1.0833 (0.2840)
D(LNFER(-1)  -0.1258  -1.0903 (0.2809)  D(LNFER(-1) -0.0666  -0.9693 (0.3371)
D(LnIRRI) 0.0155  1.4866 (0.1435) D(LnIRRI) 0.0033  0.5471 (0.5868)
D(LnIRRI(-1))  -0.0045  -0.4396 (0.6621) D(LNnIRRI(-1))  0.0128**  2.1004 (0.0409)
D(LNCRI) -0.2019  -0.8780 (0.3842) D(LnCRI) 0.0525  0.4320 (0.6676)
D(LnCRI(-1)) ~ 0.0376  1.3418(0.1858)  D(LnCRI(-1))  -0.0041  -0.2558 (0.7992)
LnYJT(-1)  -0.8124*** -4.2045(0.0001)  LnYTR(-1)  -0.9109*** -12.234 (0.0000)
LnAJT(-1) 0.0001  0.0010 (0.9991)  LnATR(-1) 00218  0.2828 (0.7785)
LnRAIN(-1)  0.0604  0.4108 (0.6830)  LnRAIN(-1)  -0.2837*** -3.6058 (0.0007)
LnFER(-1) 0.0540  1.3323(0.1889) LNFER(-1)  0.0412***  2.8949 (0.0056)
LnIRRI(-1)  0.0113*  1.8584(0.0691)  LnIRRI(-1)  -0.0144*** -2.8385 (0.0066)
LnCRI(-1) -0.1108  -0.4597 (0.6477)  LnCRI(-1) 0.4493***  3.5421 (0.0009)

Dependent Variable: D(LnYRM)

Dependent Variable: D(LnYPO)

c 13817  0.5084 (0.6134) C 46118 15119 (0.1370)
D(LNYRM(-1)) -0.1971  -1.4302 (0.1590) D(LnYPO(-1))  -0.2125  -1.4571 (0.1515)
D(LNARM) 0.2678  0.8009 (0.4270) D(LnAPO) 0.8399*  2.0022 (0.0508)
D(LNARM(-1))  -0.0137  -0.0496 (0.9606) D(LNAPO(-1))  -0.3767  -0.7765 (0.4411)
D(LNRAIN)  -0.0014  -0.0973 (0.9228)  D(LnRAI) 00336  1.1679 (0.2485)
D(LNRAIN(-1))  0.1537  1.0793(0.2857) D(LnRAIN(-1))  0.1903  0.7926 (0.4318)
D(LNFER) 0.1028  0.9302 (0.3568) D(LNFER) 02187  1.2009 (0.2355)
D(LNFER(-1)  0.0498  0.3988 (0.6917)  D(LNFER(-1) 0.1421  0.7817 (0.4381)
D(LnIRRI) -0.0100  -0.8490 (0.4000)  D(LnIRRI) 00160  0.9467 (0.3484)
D(LnIRRI(-1)) ~ 0.0070 05618 (0.5768) D(LnIRRI(-1))  -0.0069  -0.4290 (0.6698)
D(LNCRI) 0.1447  0.6736 (0.5037) D(LnCRI) 0.1565  0.4308 (0.6684)
D(LNCRI(-1))  -0.0243  -0.8531(0.3977) D(LnCRI(-1))  -0.0705* -1.6977 (0.0959)
LnYRM(-1)  -0.5169*** -3.1367 (0.0029)  LnYPO(-1)  -0.5214*** -3.3199 (0.0017)
LnARM(-1) 0.1220  0.5376 (0.5933)  LnAPO(-1) -0.0255  -0.0795 (0.9369)
LnRAIN(-1)  -0.2881**  -2.0239 (0.0484)  LnRAIN(-1) -0.2677  -1.0893 (0.2813)
LnFER(-1) 00391  1.6363(0.1082) LnFER(-1) 0.0052  0.0725 (0.9425)
LnIRRI(-1)  -0.0134  -1.0076 (0.3186)  LnIRRI(-1) 0.0096  0.7100 (0.4810)
LnCRI(-1) 0.4560*  1.9276 (0.0597) LnCRI(-1) 04635  1.1528 (0.2546)

Dependent Variable: D(LnYTP)

Dependent Variable

: D(LNYSG)

C 0.0081  0.7707 (0.4441) C 00676  1.0211 (0.3117)
D(LnYTP(-1)) -0.4305*** -3.3675(0.0014) D(LnYSG(-1))  -0.2432* -1.8680 (0.0671)
D(LnATP)  0.4936*  1.7520 (0.0853)  D(LnASG) -1.0649  -1.1841 (0.2415)
D(LNATP(-1))  0.3612  1.2608 (0.2127) D(LnASG(-1))  -1.7276*  -1.9538 (0.0558)
D(LnRAIN)  -0.0020  -0.2377 (0.8129)  D(LnRAI) 00199  0.4213 (0.6751)
D(LNRAIN(-1))  0.0311  0.4786(0.6341) D(LnRAIN(-1))  0.0009  0.0025 (0.9980)
D(LNFER) ~ 0.1180**  2.0270 (0.0475) D(LNFER) -0.2333  -0.6233 (0.5357)
D(LNFER(-1)  -0.0605  -0.9652 (0.3386)  D(LNFER(-1)  -0.0342  -0.0879 (0.9303)
D(LnIRRI)  -0.0015  -0.2674 (0.7901)  D(LnIRRI) 00152  0.5012 (0.6182)
D(LnIRRI(-1)) ~ 0.0046  0.8610(0.3930) D(LnIRRI(-1))  0.0087  0.2971 (0.7675)
D(LNCRI) -0.0356  -0.3425(0.7332)  D(LNCRI) 0.0012  0.0020 (0.9984)
D(LNCRI(-1))  -0.0213  -1.5729 (0.1215)  D(LnCRI(-1)) 0.0596  0.7715 (0.4437)

Notes: (1) ***, ** and * indicates significant levels at 1%, 5% and 10% respectively.
(2) Figures in parentheses indicate probability value.

In case of yield of mustard, none of the short run coefficients, is statistically significant. The cointegrating
coefficient of rainfall is significantly negative, while that of cropping intensity is positive. Further, in the short run
area under cultivation has significant positive association with the yield of potato and cropping intensity has
significant negative association with it. In the long run, lagged value of yield itself has significant negative
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association and none of the other variables are found to be statistically significant. For yield of sugarcane, only
area has been found to have negative association in the short run.

3.5 ARDL-Error Correction Model

The results of the error correction model reveal that for yield of all the crops, coefficients of ECM terms are
negative and significant (Table 6). The error correction term is less than 1 and significant, indicating the short run
adjustment for any shock towards long run equilibrium. The higher values of ECM show relatively faster
adjustment process for any short-run deviation from long run equilibrium, which is found in case of tur, jute,
autumn paddy (the so-called inferior crops (De & Bodosa, 2015)) as compared to that of summer paddy, potato,
mustard. Whereas, the oefficients of other variables have expected sign but not significant in most of the cases due

to their poor growth like irrigation, chemical fertiliser etc as observed before.

Table 6. Results of Estimated Error Correction Model

Variables Coefficient t-Statistic Variables Coefficient t-Statistic

Dependent Variables: D(LnYAP) Dependent Variables: D(LnYWP)
C 0.0023 0.1019 (0.9191) C 0.0048 0.4383 (0.6629)
D(LnYAP(-1))  -0.1586 -1.1148 (0.2698) D(LnYWP(-1)) -0.2486* -1.8487 (0.0700)
D(LnAAP) -0.2428 -0.8964 (0.3740) D(LnAWP) 0.6493**  2.4890 (0.0159)
D(LnAAP(-1))  -0.1334 -0.4888 (0.6269) D(LnAWP(-1)) 0.5532**  2.0440 (0.0458)
D(LnRAIN) 0.0042 0.2295 (0.8193) D(LnRAIN) -0.0097  -1.1019 (0.2754)
D(LnRAIN(-1))  0.0114 0.0826 (0.9344) D(LnRAIN(-1))  0.1006 1.4894 (0.1422)
D(LnFER) 0.1691 1.4373 (0.1564) D(LnFER) 0.0815  1.3685 (0.1768)
D(LnFER(-1)  -0.0748  -0.6015(0.5500) D(LnFER(-1)  -0.0833  -1.2619 (0.2124)
D(LnIRRI) -0.0068 -0.5910 (0.5570) D(LnIRRI) -0.0012  -0.2286 (0.8200)
D(LnIRRI(-1)) 0.0036 0.3229 (0.7480) D(LnIRRI(-1)) 0.0072 1.3525 (0.1818)
D(LnCRI) -0.0050 -0.0229 (0.9818) D(LnCRI) -0.1386  -1.2844 (0.2045)
D(LnCRI(-1)) 0.0011 0.0386 (0.9693)  D(LnCRI(-1)) -0.0225  -1.6166 (0.1118)
ECM (-1) -0.6665***  0.0003 (0.0003) ECM(-1) -0.3385**  -2.5524 (0.0136)

Dependent Variables: D(LnYSP) Dependent Variables: D(LnYWT)
C -0.0005 -0.2541 (0.8003) C 0.0021 0.0922 (0.9268)
D(LnYSP(-1)) -0.0882 -0.6299 (0.5314) D(LnYWT(-1)) -0.0098 -0.0751 (0.9404)
D(LnASP) 0.0435 0.5169 (0.6073) D(LnAWT) -0.0093  -0.1148 (0.9090)
D(LnASP(-1)) 0.1385 1.6063 (0.1140) D(LnAAP(-1)) 0.0936 1.1601 (0.2511)
D(LnRAIN) -0.0144 -0.7827 (0.4372)  D(LnRAIN) -0.0121  -0.6520 (0.5171)
D(LnRAIN(-1))  0.0805 0.5863 (0.5601) D(LnRAIN(-1)) 0.1368 0.9323 (0.3553)
D(LnFER) 0.0671 0.5331 (0.5961) D(LnFER) 0.0255  0.2010 (0.8415)
D(LnFER(-1) 0.0490 0.3710 (0.7120)  D(LnFER(-1) -0.0025  -0.0189 (0.9849)
D(LnIRRI) -0.0002 -0.0192 (0.9847) D(LnIRRI) -0.0010  -0.0867 (0.9312)
D(LnIRRI(-1))  0.0047 0.4274 (0.6707) D(LnIRRI(-1))  0.0034  0.2974 (0.7673)
D(LnCRI) -0.1211 -0.5550 (0.5812) D(LnCRI) -0.2287  -0.9788 (0.3320)
D(LnCRI(-1)) 0.0022 0.0782 (0.9379)  D(LnCRI(-1)) -0.0326  -1.0568 (0.2953)
ECM (-1) -0.3453***  -2.9838 (0.0043) ECM(-1) -0.5452*** -4.0474 (0.0002)

Dependent Variables: D(LnYJT) Dependent Variables: D(LNYTR)
C 0.0101 0.5573 (0.5796) C 0.0266*  1.8914 (0.0639)
D(LnYJT(-1)) -0.1113 -0.8071 (0.4231) D(LnYTR(-1)) 0.0968 1.0554 (0.2959)
D(LnAJT) 0.1756 1.0207 (0.3319) D(LnATR)  -0.3302*** -4.1176 (0.0001)
D(LnAJT(-1)) -0.0216 -0.1392 (0.8898) D(LnATR(-1)) 0.0299 0.3809 (0.7047)
D(LnRAIN) -0.0053 -0.3601 (0.7202)  D(LnRAIN) 0.0106 0.9338 (0.3546)
D(LnRAIN(-1))  0.1024 0.8411 (0.4039) D(LnRAIN(-1))  0.0903 1.0156 (0.3143)
D(LnFER) 0.0473 0.4774 (0.6350) D(LnFER) -0.0666  -0.8599 (0.3936)
D(LnFER(-1) -0.1005 -0.9634 (0.3396) D(LnFER(-1) -0.0265  -0.3261 (0.7456)
D(LnIRRI) 0.0126 1.3450 (0.1842) D(LnIRRI) 0.0089 1.2343 (0.2224)
D(LnIRRI(-1))  -0.0024 -0.2686 (0.7892) D(LnIRRI(-1)) 0.0058 0.8098 (0.4216)
D(LnCRI) -0.1501 -0.7863 (0.4351) D(LnCRI) -0.1214  -0.8590 (0.3941)
D(LnCRI(-1)) 0.0291 1.1576 (0.2521)  D(LnCRI(-1)) -0.2221  -1.2099 (0.2316)
ECM (-1) -0.7958***  -4.3302 (0.0001) ECM(-1) -0.8714*** -9.0149 (0.0000)
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Table 6. (continuance).

Dependent Variables: D(LnYRM)

Dependent Variables: D(LnYPQ)

C 00011  0.0653 (0.9482) C -0.0299  -0.9080 (0.3679)
D(LnYRM(-1))  -0.1681  -1.2362(0.2217) D(LnYPO(-1))  -0.2151  -1.5377 (0.1299)
D(LnARM) 04692  1.6052(0.1143)  D(LnAPO)  0.9481** 24110 (0.0193)
D(LNARM(-1)) ~ 0.1041  0.4206 (0.6757) D(LnAPO(-1))  -0.3990  -0.9619 (0.3404)
D(LNRAIN)  -0.0010  -0.0750 (0.9404) D(LnRAIN)  0.0309  1.1577 (0.2521)
D(LNRAIN(-1))  0.0048  0.0412 (0.9672) D(LnRAIN(-1)) 0.0205  0.1078 (0.9145)
D(LNFER) 00741  0.7215(0.4737)  D(LNnFER) 0.1389  0.8906 (0.3771)
D(LNFER(-1)  -0.0065  -0.0581(0.9538) D(LnFER(-1)  0.0869  0.5215 (0.6041)
D(LnIRRI) -0.0081  -0.8115(0.4206)  D(LnIRRI) 00178  1.2007 (0.2351)
D(LnIRRI(-1)) ~ -0.0003  -0.0322 (0.9744) D(LnIRRI(-1))  -0.0069  -0.4685 (0.6413)
D(LnCRI) -0.7216  -0.3858 (0.7011)  D(LnCRI) -0.0072  -0.0239 (0.9810)
D(LNCRI(-1))  -0.0050  -0.2028 (0.8400) D(LNnCRI(-1))  -0.0487  -1.3032 (0.1980)
ECM (-1)  -0.5139*** -3.2134(0.0022)  ECM(-1)  -0.5030*** -3.3511 (0.0015)

Note: *, ** and **** indicates significant levels at 10%, 5% and 1% respectively
Figures in parentheses indicate probability value

3.6 Diagnostics Checking for Stability of the Model

The goodness of fit of the ARDL and error correction model, is tested by using the CUSUM and CUSUMQ
tests after confirming the cointegration relationship among variables in order to examine stability of the model
both in the short and long run. CUSUM and CUSUMAQ tests are conducted based on the recursive regression
residuals for both ARDL and ECM (Brown et al, 1975). If the plots of the statistics lie within the critical bounds
at 5% level of significance, it can be concluded that calculated results of the coefficients of both ARDL model and
ECM are stable. The stability of the model is shown in Figure 1 and 2, and goodness of fit of most of the model.
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Figure 1. Plot of CUSUM (1%) and CUSUMQ (2" for Each Variable for Coefficient Stability of ARDL Model
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is found to be significant, implying the model to be stable excepting for summer paddy for CUSUM (ARDL); and
tur and sugarcane for CUSUMQ (ARDL) and tur CUSUM (ECM).
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Figure 2. Plots of CUSUM (1) and CUSUMQ (2"%) for Each Variable for Coefficient Stability for Error
Correction Model

3.7 Changes in Cropping Pattern Examined through Diversification Index and Proportion of GCA under
Various Crops

Values of Herfindahl and Simpson Indices reveal gradual diversification of crops in Assam over the years but
with a slower pace (Table 7). Cropping pattern in any region ultimately depends upon food habit, prices, agro-
climatic conditions, market avenues, government policies and infrastructure. Cropping pattern in Assam is still
dominated by paddy (rice) with a total 60.43 per cent of GCA under cultivation during 2017-20 (Table 8). Area
under autumn paddy increased marginally in 1950s and after 1970 it started declining till 2017-20. Development
of minor irrigation (shallow tube-well) has given some momentum to cultivators of summer paddy. The harvest
time for summer paddy is March to May. So, the farmers find it convenient to cultivate this in order to avoid the
risk of flood that affects more frequently in case of autumn paddy.

The autumn and winter paddy are found to lose area to some relatively more remunerative crops in the earlier
years. But the process has lost momentum in past two decades. Cultivation of wheat increased during early 1980s
but declined afterwards till 2017-20. It is now more concentrated in summer paddy, potato, and mustard. In some
region however, the cultivation of inferior crops has increased due to poor irrigation facility, agro-infrastructure
and technological support as well as risk averse behavior of cultivators (De and Bodosa, 2015).
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Table 7. Herfindahl and Simpson Indices of Selected Crops in Assam

Year Herfindahl Index Simpson Index
1951-54 0.93 0.07
1961-64 0.90 0.09
1971-74 0.85 0.15
1981-84 0.74 0.26
1991-94 0.74 0.26
2001-04 0.73 0.27
2011-14 0.60 0.40
2017-20 0.60 0.40

Source: Computed from data published by the Directorate of Economics and Statistics, Government of Assam, Statistical
Handbook of Assam (Various Issues).

Table 8. Changes in Share of Area under Crops to GCA (Per cent)

Crops 1951-54 1961-64 1971-74 1981-84 1991-94 2001-04 2011-14 2017-20
Autumn Paddy 16.07 18.67 19.53 18.09 17.33 12.68 5.98 3.55
Winter Paddy 58.32 55.32 52.19 48.60 47.88 4731 45.45 46.92
Summer Paddy 0.29 0.45 131 111 3.67 8.80 9.60 9.96
Total Paddy 74.69 74.44 73.03 67.80 68.89 68.79 61.03 60.43
Wheat 0.11 0.13 1.74 3.00 2.08 191 0.85 0.38
Tur 0.18 0.12 0.22 0.25 0.17 0.19 0.14 0.14
Rape & Mustard 5.38 5.16 5.28 7.62 7.92 7.21 6.53 7.12
Jute 5.52 5.52 4.89 3.29 2.45 1.81 1.62 1.66
Potato 0.89 0.99 0.96 1.25 1.72 211 2.36 2.59
Sugarcane 1.19 1.17 1.27 1.46 1.03 0.70 0.70 0.76

Source: Computed from data published by the Directorate of Economics and Statistics, Government of Assam,
Statistical Handbook of Assam (Various Issues).

3.8 Decomposition Analysis

Growth in agricultural production is the result of growth in area, yield, cropping pattern and interactions
among themselves. Thus, decomposition analysis is carried out to compute the effect of area, yield, cropping
pattern and their interactions to the changes in output. During the period prior to Green Revolution, 28.08 per cent
of the growth in agricultural output was contributed by area growth, 18.72 per cent by yield growth and 36.40 per
cent due to cropping pattern effect (Table 9). The combined interaction effects resulted in 16.8 per cent of change
in total agricultural output of which, interaction of area and cropping pattern was the highest. Thus, during the first
phase after Independence, cropping pattern change was the largest contributor, followed by area and then yield to
the growth of agricultural output. During Period II (Green Revolution) yield effect was the highest (43.95 per cent)
for the application of seed-fertilizer-irrigation technology, while the area effect was reduced to 15.67 per cent, and
area-yield interaction effect was 18.19 per cent and cropping pattern effect also declined to 11.97 per cent. The
other interaction effects were negligible.

During period III, yield effect continued to increase and remains the highest contributor to the growing
agricultural output (80.21 per cent); followed by area effect (28.75 per cent) and the interaction of area & yield
(13.36 per cent). The other factors such as cropping pattern and the interaction of area & cropping pattern, cropping
pattern & yield, and area, yield and cropping pattern have negative contribution to the agricultural output growth.
The results suggest that the source of growth have changed dramatically over different periods. Since the scope of
area expansion became insignificant, its contribution to the increased output has been diminishing gradually. The
yield effect increased significantly over the periods due to growing use of modern agricultural inputs and
implements through government support and the efforts of stakeholders. However, Assam still lags behind the
agriculturally developed states of the country in terms of yield in crops as well as use of modern inputs. Thus, there
are significant scopes in these fronts and efforts need to be directed to improve yield and diversify cultivation
practices towards higher-value crops to further raise agricultural earning.

523



De & Tamang
Pattern of Agricultural Progress in India’s North-East and the Contributing Factors: An Econometric Analysis

Table 9: Relative Contribution of Various Components to the Growth of Selected Crops Total
Output in Assam during 1951-52 to 2019-20 (per cent)

Components Period 1 Period 11 Period 11T
Area Effect 28.08 15.67 28.75
Yield Effect 18.72 43.95 80.21
Cropping Pattern Effect 36.40 11.97 -11.40
Area & Cropping Pattern Effect 7.31 4.95 -1.90
Area & Yield Effect 3.76 18.19 13.36
Cropping Pattern & Yield Effect 4.77 3.73 -7.73
Area, Yield & Cropping Pattern Effect 0.96 1.54 -1.29

Source: Computed from data published by the Directorate of Economics and Statistics, Government of Assam,
Statistical Handbook of Assam (Various Issues).

4. Conclusions

This paper analyzes the pattern of agricultural growth in Assam, India since independence. Though winter
paddy, is the principal crop for being the staple food item, its share in gross cultivated area declined over time.
Mustard, potato and summer paddy however recorded continuous growth, which got accelerated and occupied
central position in crop diversity during economic reform period along with commercialization of agriculture, and
supported by much needed modern technological inputs and implements. Notwithstanding the slow pace, the
diversity and adaptability followed a similar pattern like that of the major eastern states of India (De, 2003) along
with the progress of garden crops especially tea (De and Bodosa, 2015; De and Pal, 2019).

The growth of production of paddy, wheat, tur and sugarcane during Period I was mainly due to area expansion
and in Period II due to both yield and area growth. However, this increase in production and area was short-lived
for autumn paddy, wheat and sugarcane, but for others it has been significantly positive. Yield growth rate has
been on continuous rise for all the crops except potato and sugarcane. Deceleration in area and production
continued for jute, autumn paddy, tur, wheat during Period III but rate of decline in production was slower than
that of area growth with accelerated growth in yield. Autumn and winter paddy, jute and sugarcane have been
losing area to summer paddy, mustard and potato that recorded steady growths in area and yield (De and Bodosa,
2015). HYV paddy cultivation accounts to 78 per cent of total paddy during 2017-20, which was 40 per cent during
1981-84. Also, diversification towards some low value crops has been observed in the previous decades due to
uncertain weather conditions and unmatched progress of irrigation. It may be highlighted that area under jute has
been reduced in Assam along with its production. As jute requires hot and humid conditions to grow, it depends
on wellmaintained irrigation for the erratic behaviour of rainfall. But the irrigation facility is not well developed
in Assam. This possibly explains the reduction in area under cultivation of jute in Assam.

The decomposition analysis showed that area, yield and the area-yield interaction effects have positive effects
on agricultural output. Initially, effect of cropping pattern and area assumed greater role in the growth of
agricultural output, but their effects declined and yield effect became the strongest during period II and III, with
the gradual expansion of modern technology. In Assam use of modern technology got slow progress and lagged
behind other parts of Indiaby around two decades. There is a visible gap in utilization of irrigation potential. Out
of 1002 thousand hectares irrigation potential created in 2017-20, net area irrigated was only 209 thousand hectares
(about 21 per cent) with low coverage of canal irrigation.

The ARDL bounds testing approach confirmed the long-term relationship of yield of all varieties of paddy,
wheat, tur, mustard, potato and jute with the so-called advanced technology. Area and consumption of fertilizer
are positively associated with the yield of winter and summer paddy, but rainfall and cropping intensity are
inversely related to the yield of winter paddy. For wheat, cropping intensity is inversely related to the yield, while
irrigation caused improved yield of jute though ultimately it saw a negative trend in area allocation over the years
for the limited irrigation capacity utilisation. For rape & mustard it was mostly cropping intensity that has
positively affected yield in the long run.

The long run cointegrating relation and ECM reveals self-adjustment process of any disequilibrium occurring
in all the equations. The CUSUM and CUSUMQ tests confirm the goodness of fit of the models. Estimates of
ARDL, ECM and graphs of CUSUM and CUSUMQ shows the long-run and short-run impact of elasticities of
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area under cultivation, rainfall, fertilizer, cropping intensity and irrigation on yield of crops grown in Assam. This
results is validated with the help of CUSUM and CUSUMQ graphs, which confirms the stability of ARDL and
ECM maodel for majority of the crops taken under consideration.

Use of agricultural implements has been rising but not at a slower pace to enhance agricultural productivity
and efficiency of farmers remarkably. Such slow progress of modern farming technique hinders adoption of desired
crop diversity and contribution of cropping pattern change has not been rising in desired direction. Adoption of
seed-fertilizer-irrigation technology in Assam is still at the midway as compared to the developed agricultural
zones of India. Thus, there is still enough space to improve the productivity of crops further and judicious use of
resources to raise profitability of the farmers through crop diversity. The recommendations to improve yield on
crops can be designed according to crop specific characteristics. As each crop requires different environment and
inputs for its growth, the focus should be placed specifically on physical and technological inputs, especially in
extreme climatic conditions. Technological innovation in any agro-climatic zone may help in moderating adverse
impacts of extreme climatic events and choose the desired cropping pattern.

Although the study is conducted in Assam, the largest North-Eastern state of India, under the similar agro-
climatic conditions of sub-Himalayan India, the same result can be replicated for other areas too. Technological
breakthrough is very important to benefit the farmers in the long run. Irrigation facility should be created to respond
to erratic rainfall. Use of chemical fertilizer has been significant in improving yield of crops. However, considering
sustainability approach as observed in other regions, overdose of chemical fertilizer (wherever observed) needs to
be sensitized (Khajuria, 2016; Bora, 2022). The farmers should be given proper training on soil testing and
appropriate recommendation of fertilizer dosage. Infrastructural facility such as cold storage needs to be developed
for the preservation of perishable crops. Thus, the outcome of this study is relevant and has significant policy
implications for any region with varied agroclimatic condition and depending on the local topographic and climatic
conditions; suitable cropping pattern with technology needs to be applied.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkh Dikim Sikliklar1 ve Hasat Zamammin Dracocephalum moldavica L. (Moldovya
Ejderi)'min Verim ve Kalitesine Etkileri

The Effects of Different Planting Densitiy and Harvesting Time on the Yield and Quality of
Dracocephalum moldavica L. (Moldavian dragonhead)

Elif FERAHOGLUI*, Tuncay CALISKANZ, Saliha KIRICI®

Oz

Dracocephalum moldavica L. (Moldovya ejderi) bitkisi bircok iilkede geleneksel tipta mide rahatlatici, sindirim
kolaylastirici, yatistirict olarak kullaniminin yan sira kalp hastaliklari, damar tikanikliklari, tansiyon, migren, bas
ve dis agris1 tedavisinde kullanilmaktadir. Ulkemiz florasinda Dracocephalum cinsine ait birgok tiir bulunurken,
D. moldavica tiirii dogal olarak yetismemektedir. Bitkinin Tirkiye‘de yetistiriciligi tizerine ¢alisma
bulunmamaktadir. Bitki dikim siklig1 ve hasat zamani bitki verim ve kalitesi tizerine 6nemli etkileri olan yetigtirme
etmenlerindendir. Bu sebeplerle Dracocephalum moldavica (Moldovya ejderi) bitkisinde verim ve kalite
ozellikleri tizerine dikim sikliklarinin (40x25 cm ve 60%x25 cm) ve hasat zamanlarinin (¢igeklenme Oncesi ve tam
ciceklenme) etkilerini arastirmak hedeflenmistir. 2017 yilinda yiiriitiilen arastirma sonuglarma goére dikim
sikliginin etkisi dal sayisi, taze ve drog herba, drog yaprak verimi iizerinde, hasat zamanmin etkisi; bitki boyu,
taze herba, drog herba, drog yaprak verimi, ugucu yag orani iizerinde istatistiki olarak 6nemli; interaksiyonun
etkisi ise incelenen 6zellikler iizerinde 6nemli bulunmamuistir. Arastirma sonucunda; bitki boyu degerleri: 57.91-
63.08 cm, dal say1s1 8-12 adet/bitki, taze herba verimi 537.26-791.54 kg da!, drog yaprak verimi 65.36-122.23 kg
da?, drog herba verimi 124.05-194.41 kg da, ucucu yag oram1 % 0.276-0.375 olarak tespit edilmistir. Hasat
zamani bakimindan incelen biitiin 6zellikler tam ¢igeklenme doneminde artis géstermistir. Bitki boyu, taze herba,
drog yaprak ve herba verimi en yiiksek degerleri 40x25 dikim sikliginda elde edilmistir. Ugucu yag ana
bilesenlerini geranil asetat (%53.635-54.723), gerenial (%16.229-17.396), neral (%11.729-12.661), geraniol
(%5.780-6.623) toplamda %88.203-88.955 oranlarinda olusturmaktadir. Geranil asetat oranin yiiksekligi bitkinin
Cukurova kosullarinda dogal bir geranil asetat kaynagi olarak kullanilabilecegini diigiindiirmektedir. Elde ettigimiz
veriler dogrultusunda Moldovya ejderi i¢in en uygun hasat zamani tam gigeklenme donemi, en uygun bitki dikim
siklig1 ise 40%25 cm olarak tavsiye edilmektedir.

Anahtar Kelimeler: Dracocephalum moldavica L., Moldovya ejderi, Dikim siklig1, Hasat zamani, Ugucu yag
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Ferahoglu & Caliskan & Kirici
Farkli Dikim Sikliklari ve Hasat Zamaninin Dracocephalum moldavica L. (Moldovya Ejderi)'nin Verim ve Kalitesine Etkileri

Abstract

Dracocephalum moldavica L. (Moldovian dragon) is used in traditional medicine in many countries as a stomach
relaxant, digestive facilitator, sedative, as well as in the treatment of heart diseases, vascular occlusion, blood
pressure, migraine, headache and toothache. While many species belong to the genus Dracocephalum in the flora
of our country, the species D. moldavica does not grow naturally. There are no studies on the cultivation of the
plant in Turkey. Planting frequency and harvesting time are cultivation factors that have important effects on plant
yield and quality. For these reasons, it was aimed to investigate the effects of planting densities (40x25 cm and
60x25 cm) and harvest times (pre-flowering and full flowering) on yield and quality characteristics of
Dracocephalum moldavica (Moldovan dragon). According to the results of the research conducted in 2017, the
effect of planting frequency on the number of branches, fresh and culinary herb, culinary leaf yield, the effect of
harvest time on plant height, fresh herb, culinary herb, culinary herb, culinary leaf yield, and essential oil ratio was
found to be statistically significant; the effect of the interaction was not found to be significant on the studied traits.
As a result of the research; plant height values: 57.91-63.08 cm, number of branches 8-12 pieces/plant, fresh herb
yield 537.26-791.54 kg da-1, dry leaf yield 65.36-122.23 kg da-1, dry herb yield 124.05-194.41 kg da-1, essential
oil content 0.276-0.375%. All traits analyzed in terms of harvest time increased during the full flowering period.
The highest values of plant height, fresh herb, culm leaf and herb yield were obtained at 40x25 planting density.
The main components of essential oil were geranyl acetate (53.635-54.723%), gerenial (16.229-17.396%), neral
(11.729-12.661%), geraniol (5.780-6.623%) with a total of 88.203-88.955%. The high rate of geranyl acetate
suggests that the plant can be used as a natural source of geranyl acetate in Cukurova conditions. In line with the
data we obtained, the most suitable harvest time for Moldovan dragon is recommended as full flowering period
and the most suitable planting density is recommended as 40x25 cm.

Keywords: Dracocephalum moldavica L., Moldavian dragonhead, Planting density, Harvest time, Essential oil
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1.Giris

Moldovya ejderi (Dracocephalum moldavica L.) Orta Asya kokenli olup, deniz seviyesinden 2700-3100 m
yiikseklige kadar Misir, Cin, Mogolistan ve Himalayalar da yetistirilen Lamiaceae familyasina ait yaklasik 40 tiirii
bulunan tek yillik aromatik bir bitkidir (Holm ve ark., 1988). Bitkinin ¢igek, govde ve yaprak yiizeyinde bulunan
trikomlarin yaydigi narenciye ve limon otuna (Melissa officinalis L.) benzer koku, arilar tarafindan cezbedici
bulunmaktadir. Bitkinin bal kapasitesinin 129-650 kg/hektar oldugu tahmin edilmektedir (Dmitruk ve ark., 2018).
Bati1 Azerbaycan (iran) geleneksel tibbinda mide rahatlatici, sindirim kolaylastirici, yatistirict olarak kullanilan
bitki Uygur geleneksel tibbinda kalp hastaliklari, damar tikanikliklari, tansiyon, migren, bas ve dis agrisi
tedavisinde kullanilmigtir (Miraldi ve ark. 2001; Sultan ve ark., 2008). Giiniimiizde parfiim ve sabun lretiminde,
recellerin, alkollii igeceklerin, suruplarin ve konserve baliklarin tatlandirilmasinda kullanilmaktadir. Bitkisel ¢ay
olarak tiiketildiginde ise mide rahatlatici, gerginlik azaltic1 ve hamile kadinlar igin kusma refleksini azaltici etkiler
gostermektedir (Stefania ve ark. 2018).

Moldovya ejderi ugucu yag orani ¢esitli arastirma sonuglarina gore %0.10-0.70 arasinda degismektedir (Shatar
ve Altantsetseg, 2000). Ugucu yag igerigini bilyiik oranda geranial, geranil asetat, neral, linalol ve nerol gibi
oksijenli monoterpenler olusturmaktadir (Muntean ve ark. 2016). Ucucu yag dogal insektisit ozellik,
antimikrobiyal aktivite ve analjezik etki gostermektedir (Chu ve ark., 2011; Maham ve ark., 2013; Ehsani ve ark.,
2017). Bitki ekstraktlarinin biyolojik aktivitesinin yiiksek oldugu antioksidan aktivite ve antitimér 6zellik
gosterdigi belirlenmistir (Chachoyan ve Oganesyan, 1996; Povilaityté ve ark., 2001; Dastmalchi ve ark., 2007).
Hayvanlar {izerinde yapilan ¢aligmalarda sedatif ve Kardiyak etkisi kanitlanmigtir (Najafi ve ark., 2009; Martinez-
Vazquez ve ark., 2012).

Tarimda temel hedeflerden biri, istenen verimi elde etmek igin g¢evresel kaynaklarin bitki tarafindan en iyi
sekilde kullanilabilirligini saglamaktir. Bitkilerin ¢evresel kaynaklardan (toprak suyu ve besin igerigi, giines 15181
gibi) faydalanma miktarini etkileyen faktorlerden biri de bitki yogunlugudur (Perrott et al., 2018). Bitkiler iyi bir
vejetatif gelisim ve biyokiitle artis1 i¢in optimum bitki yogunlugu isterler (Morla ve ark., 2018) Optimum bitki
yogunlugu, bitki tarafindan en yiiksek 151k absorpsiyonunun yapilabildigi, en yiiksek yaprak alani indeksine ve
bunlarin sonucunda en iyi bitki veriminin elde edildigi bitki yogunlugudur (Basiri ve Nadjafi, 2019). Diger bir
deyisle ekim siklig1 optimum diizeyden fazla ise g¢evre faktorleri bitki i¢in yeterli olmayacak, optimum seviyenin
altinda ise bitki gevre faktdrlerinden etkin bir sekilde yararlanamayacaktir. Abdossi ve ark. (2015) Iran
kosullarinda Dracocephalum moldavica’ da en yiiksek taze ve drog herba ile ugucu yag verimini 30x10 cm dikim
sikliginda; en yiiksek ugucu yag oranini ise 30x30 cm dikim sikliginda elde etmislerdir. Hussein ve ark. (2006)
Misir’da yiiriittiikleri galismada 60x30 sikliginda 3.6 t hat kompost giibre uygulamasina tabi tuttuklar bitkilerin
en yiiksek ucucu yag orani ve bilesenlerine sahip oldugunu bildirmislerdir. Dracocephalum moldavica L.’ nin
verim ve kalite bilesenleri i¢in en uygun ekim siklig1 lizerine sinirli sayida arastirma yapilmistir.

Tibbi ve aromatik bitkiler icerdikleri sekonder metabolitler nedeniyle kiiltiirii yapilan bitkilerdir. Sekonder
metabolitlerin bitki biinyesinde degisimine etki eden faktorlerden biri de bitkinin gelisim evreleridir (Baydar,
2016). Bu nedenle yetistiriciligi yapilacak bitkinin kullanim amacina gére en yiiksek ugucu yag verimi ve
kompozisyonu elde etmek i¢in dogru hasat zamani ¢ok 6nemlidir. Mohtashami ve ark., (2013) Dracocephalum
moldavica’ da sekonder metabolit igeriginin gelisim evreleriyle yakindan iligkisi oldugunu en yiiksek karotenoid,
flavon ve flavonol seviyelerine tam ¢igeklenme doneminde, en yiiksek antioksidan aktivite ve ugucu yag yiizdesi
de meyve tutumu asamasinda kaydedildigini bildirmislerdir. Khalili ve Amirnia, (2014) bitkinin en yiiksek ugucu
yag oraninin tam ¢iceklenme evresinde elde dildigini belirlemislerdir.

“Ejderotu” olarak bilinen Drococephalum cinsine ait iilkemiz florasinda bulunan birgok tiir (D. austriacum, D.
ruyschiana, D. multicaule var. multicaule, D. multicaule var. setigerum ve D. aucheri ) arasinda D. moldavica
bulunmamaktadir (Anonim, 2022). Ayrica Dracocephalum moldavica L. bitkisinin Tirkiye ‘de yetistiriciligi
lizerine ¢alisma yapilmamistir. Bu nedenle Cukurova kosullarinda farkli dikim sikliklar1 ve hasat zamanlarinin
bitkisel 6zellikleri ve verim degerlerinin yani sira ugucu yag orani ve bilesenleri tizerindeki etkileri arastirilmgtir.
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2.Materyal ve Metot

2.1 Bitki Materyali

Aragtirmanin bitki materyalini olusturan Moldovya ejderi (Dracocephalum moldavica L.) tohumlar1 yurt
digindan (Nojous Seklos firmasi-Litvanya) getirtilmistir. Lamiaceae familyasina ait olan bitki ¢ok sayida gévdeye
(6'ya kadar) sahip olup, genellikle dik gelisir ve 80 cm’e kadar boylanir. Yapraklar dikdortgen ila oval-liggen
seklinde 1.7-2.4 ¢cm uzunlugunda 0.8-1.2 cm genisliginde, kenarlar1 tirtikhidir. Mavi-mor tag yaprakli ¢igekler,
yaprak koltuklarinda yalanci sarmallar seklinde biiyiirler (Jeong ve ark., 2016).

2.2 Deneme Yeri

Arastirma 2017 yilinda Cukurova Universitesi Ziraat Fakiiltesi Tarla Bitkileri Arastirma ve Uygulama
Alaninda kurulmustur. Akdeniz bolgesinin dogusunda kalan Adana ilinde yazlari sicak ve kurak, kislar1 1lik ve
yagisli gegmektedir. Arastirma alanina ait maksimum, minimum, ortalama sicaklik ve toplam yagis degerleri Tablo
1°de verilmistir. Bitkilerin arazide ge¢irdigi Mart, Nisan, May1s ve Haziran aylarinda ortalama sicaklik ve toplam
yagis miktarlari uzun yillar ortalamasi degerleriyle benzerdir. Deneme yerinin 0-30 ¢m derinlikten alinan toprak
orneklerinin Cukurova Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii Laboratuvarinda
yapilan analizin sonuglari Tablo 2’de verilmistir. Denemenin yiiriitiildigii alan, Seyhan nehri yan derelerinin
getirdigi ¢ok geng aliiviyal topraklardan olugsmustur. A ve C horizonlarina sahip olup, orta derin ve derindir.
Organik madde orani alt katmanlarda azalmis tinh topraklardir.

Tablo 1: Deneme yerine ait bazi iklim verileri

Table 1. Some climatic data of the experimental area

Sicaklik (°C) / Temperatuare(°C) Yagis(mm)/Rain(mm)
Maximum Minimum Ortalama/ Average

Aylar/Months Uzun Yillar Uzun Yillar Uzun Yillar Uzun Yillar

2017 Long-term 2017 Long-term 2017 Long-term 2017 Long-term
Ocak/January 19.1 26.5 -0.6 -8.1 8.7 9.5 49.6 107.6
Subat/February 26.2 285 -1.3 -6.6 10.7 10.5 0.6 90.0
Mart/March 25.6 320 6.4 -4.9 15.2 134 65.2 65.4
Nisan/April 331 375 8.5 -1.3 18.5 175 63.2 51.3
May1s/May 33.7 413 13.2 5.6 21.8 21.7 44.4 47.3
Haziran/June 375 42.8 16.4 13.7 26.2 25.6 19.4 204

Turkish State Meteorological Service
Tablo 2. Deneme yerinin toprak ézellikleri

Table 2. Soil characteristics of the experimental area

Yap1 /Texture pH E.C. CaCOs P20s K20 Zn Fe Mn Cu

Kum Silt  Kil (%) (Mmhos/cm) (%) (kg da-1) (kgda-1) (ppm) (ppm) (ppm)  (ppm)
Sand (%) Clay
(%) (%)

24.3 331 426 7.73 0.15 341 16.4 99.1 1.7 11.3 2.9 1.6

2.3. Uygulama ve Deneme Deseni

Moldovya ejderi (Dracocephalum moldavica L.) tohumlar: sera iginde 15.01.2017 tarihinde viyollere ekilmis,
03.02.2017 tarihinde c¢ikiglar tamamlanmistir. Fideler yaklasik 10 cm boylandiginda 29.03.2017 tarihinde
arastirma alanina sasirtilmistir. Dikim siklig1 olarak 40 ve 60 cm sira araligi se¢ilmis olup, sira tizeri 25 cm olmak
lizere sabit tutulmustur. Parseller dort sira, her sirada 10 bitki olacak sekilde toplam 40 bitkiden olugmaktadir.
Dikim siklig1 40x25 cm olan parseller 1.6 x 2.5 metre; 60x25 cm olan parseller ise 2.4 x 2.5 metre boyutlarindadir.
Hasat zamanlar1 olarak da c¢iceklenme Oncesi ve tam ciceklenme donemleri segilmistir. Arastirma tesadiif
bloklarinda boliinmiis parseller deneme desenine gore 3 tekerriirlii olarak kurulmusg olup, dikim sikliklar1 ana
parselleri, hasat zamanlari alt parselleri olusturmustur. Arastirmada diizenli olarak yagmurlama sulama yapilmistir.
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2.4. Hasat ve Verilerin Elde edilmesi

Bitkiler ¢igeklenme oncesi (26.05.2017) ve tam ciceklenme (09.06.2017) olmak iizere iki farkli hasat
zamaninda toprak yiizeyinde yaklasik 5 cm mesafeden bigilerek hasat edilmistir. Bitkiler hasat edilmeden once
parselin orta siralarindan secilen rastgele 10 bitkinin bitki boyu ve dal sayisi tespit edilmistir. Her parselden kenar
iki sira ayrilarak orta siradaki bitkiler hasat edilmistir. Hasat edilen bitkiler yas olarak tartilarak yesil herba verimi
hesaplanmistir. Drog herba ve yaprak verimleri icin bitkiler golgede oda sicakliginda nem orani1 %10’a diisene
kadar kurutularak tartilmistir.

2.5. Ucucu Yag Izolasyonu

Kuru yapraklardan 30 gram 6rnek alinarak 1000 m1’lik balonlara konulmus ve tizerine 300 ml su konularak 3
saat siire ile Neo Clevenger cihazinda distilasyona tabi tutulmustur. Ugucu yag miktar voliimetrik olarak 6l¢iilerek
kullanilan 6rnek miktarina gore % olarak hesaplanmistir. Elde edilen ugucu yaglar cam viallere alinarak analiz
yapilana kadar -18 °C’ de derin dondurucuda muhafaza edilmistir.

2.6. Ugucu Yag Bilesenlerinin Belirlenmesi

Ugucu yag bilesenleri Cukurova Universitesi Merkezi Arastirma Laboratuvari’nda Thermo-Scientific GC/MS
cihazi ile (0.25 mm i¢ ¢apx60, film kalinlig1 0,25 um) ZB-5 kapiler kolon kullanilarak yapilmistir. Sicaklik
programi: 50°C’ den 240°C’ ye dakikada 3°C’ lik artisla ulasir ve enjeksiyon sicakligr 200°C’ ye ayarlanmistir.
Tastyic1 gaz olarak akis hizt 1 ml/dak. olan helyum (He) kullanilarak her bilesen, kiitle Spektrumlarinin Wiley
kiitiiphanesinden karsilagtirmasi ile tanimlanmaistir.

2.7. Elde Edilen Verilerin Analizi

Arastirmadan elde edilen tiim veriler Tesadiif Bloklarinda Boliinmiis Parseller Deneme Desenine gére JMP
programinda varyans analizine tabi tutulmustur. Incelenen 6zelliklere ait varyans analizinde énemlilik testleri %1
ve %5 diizeyinde yapilmistir. Ozelliklerin ortalamalarmin gruplandirilmasi ise %5 olasilik diizeyinde EGF (LSD)
testi ile yapilmistir.

3.Arastirma Sonuclari ve Tartisma
Arastirmada incelenen 6zelliklere ait varyans analiz sonuglar1 Tablo 3’te verilmistir.
Tablo 3. Dracocephalum moldavica L.’ da incelenen ozelliklerin varyans analizi

Tablo 3. Analysis of variance on traits examined in Dracocephalum moldavica L.

Kareler Ortalamasi / Mean of Square

Bitki Dal Sayisi Taze Herba Drog Yaprak Drog Herba  Ugucu Yag
Boyu Number of Verimi Verimi Verimi Oram
Varyasyon Kaynagi S.D Plant branches Fresh Weight Dry Leaf Weight Dry weight Essential
Source of Variation Df  Height  (per/plant) (kg dat) (kg da¥ (kg da™) Oil Ratio
(cm) (%)
Blok/ Replication 2 6,81 0,27 691,421 75,8575 378,876 3,33e-05
Hasat Zamani/ Harvesting Time 1 80,08*  13,02%¢ 52843,8* 9701,45* 14022* 0.02901**
Hata / Error (A) 2 2.85 0.27 707.862 121.901 198.851 3.33e-05
Dikim Sikligi/ Plant Density (B) 1 5.33%4  46.02** 193975** 2059.32* 8174.52* 0.00067%¢
AXxB 1 2.08%4 1,020 7624.51%4 1.50e-28%¢ 406.003%¢ 8.33e-06%
Hata / Error (B) 4 0.70 177 1887.3 214.6 410.99 0.000217
V.K/C.V (%) 1.38 13.3 6.54 15.06 12.82 4.3

S.D: serbestlik derecesi, *,**,6.d: sirasiyla istatistiki olarak 0.05 ve 0.01 diizeyinde 6nemli, 6nemli degil

3.1. Bitki Boyu

Yapilan varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde bitki boyu
tizerine hasat zamanlarmim; 6nemli (P<0.05) bir etkiye sahip oldugu, dikim sikliginin ve interaksiyonunun ise
onemli bir etkiye sahip olmadigi belirlenmistir (Tablo 3). Bitki dikim siklig1 ortalama degerleri incelendiginde
aradaki farklilik 6nemli olmamakla birlikte en yiiksek bitki boyu 61.16 cm 40x25 cm dikim sikli§inda, en diisiik
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bitki boyu 59.87 cm 60x25cm dikim sikliginda elde edilmistir. En yiiksek bitki boyu 63.08 cm tam ¢i¢ceklenme
doneminde, en diisiik bitki boyu 57.9cm ¢iceklenme Oncesi hasat edilen bitkilerde elde edilmistir (Tablo 4).

Dikim siklig1 x hasat zamani interaksiyon degerleri incelendiginde aralarindaki farklilik 6nemli olmamakla
birlikte, en yiiksek bitki boyu degerleri tam ¢iceklenme déneminde, 64.16 cm ile 40x25 cm, 62.00 cm ile 60x25cm
dikim sikliginda elde edilmistir. Ahmadi ve Hadipanah (2014) en yiiksek bitki boyunu 56.26 cm ile 30x30 cm
dikim sikliginda bulmuglardir. Hussein ve ark. (2006) iki y1l siireyle farkli dikim sikliklarmim ve giibre dozlarinin
bitki iizerine etkisini incelemislerdir. Aragtirmada en yiiksek bitki boyunu 60x20 cm dikim sikliginda 64.0-70.57
cm, en diigiik bitki boyu 60x40 cm dikim sikliginda 57.67-67.10 cm olarak belirlenmistir. Calismamiz, yapilan
aragtirma sonuglarina benzer veya ortasinda bir deger almistir. Bitki boyu degerleri belli bir sinirin {izerinde
seyredip; ekim zamanu, bitki siklig1 ve farkli giibre uygulamalarindan kaynakli degisiklik gostermektedir.

Moldovya ejderi’'nde ¢iceklenme Oncesinden tam ¢igeklenme dénemine dogru bitki boyunda artis tespit
edilmesi bitkinin bitylimeye, yesil aksamini gelistirmeye devam ettigini gostermektedir. Daha 6nce farkli bitkiler
(kekik, ¢ordiik, ogul otu) iizerinde yapilan ¢alismalarda da bitki boyu iizerinde hasat zamaninin etkili oldugu
goriilmiistiir (Badi ve ark. 2004; Giiler, 2007; Kizil, 2009). Arastirmamizda bitki sikliginin artmasina bagli olarak
bitki boylar1 da artmistir (Tablo 4). Bitki sikliginin artmasi bitkilerin yagsam kaynagi olan Giines 15181 i¢in rekabet
etmesine sebep olarak daha uzun boylu olmalarini saglamistir. Benzer sekilde Hussein ve ark. (2006), Moldovya
ejderi lizerine yaptiklari caligmada bitki dikim sikhigi arttikga bitki boyunda 6nemli bir artis oldugunu
belirtmislerdir.

3.2. Dal Say1st

Varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde dal sayis1 iizerine
dikim sikliginin 6nemli (P<0.01) bir etkiye sahip oldugu, hasat zamani ve interaksiyonunun ise 6nemli bir etkiye
sahip olmadigi belirlenmistir (Tablo 3). Hasat zamani ortalama degerleri incelendiginde ise en yiiksek dal sayisini
tam ¢igceklenme doneminde (11 adet/bitki), en diisiik dal sayisi ise ¢iceklenme oncesinde (9 adet/bitki)
belirlenmistir (Tablo 4). Dikim siklig1 ortalama degerleri incelendiginde en yiiksek dal sayist 60x25 dikim
sikliginda 12.00 adet/bitki, en diisiikk dal sayist da 40x25 dikim sikliginda 8.00 adet/bitki olarak belirlenmistir
(Tablo 4). Arastirmada dikim sikliginin artmasi ile birlikte dal sayisi ters orantili olarak degismistir.

Tablo 4.Dracocephalum moldavica L. da farkll dikim sikliklart ve hasat zamaninin incelenen verim ve kalite
ozelliklerin iizerine etkisi

Table 4. The effect of planting density and harvesting time on the traits examined in yield and quality
characteristics Dracocephalum moldavica L.

Bitki Boyu (cm) Dal Sayis1 (Adet/bitki) Taze Herba Verimi
Uygulamalar Plant Height (cm) Number of branches (per/plant) Fresh Weight (kg da™)
Treatments 40x25 60x25 Ortalama  40x25 60x25 Ortalama 40 x25 60x25  Ortalama
Mean Mean Mean
Cigeklenme 6ncesi 58.16 57.16 5791b 7.33 10.60 9.00 750.39 445.70 598.04 b
Before Blooming
Tam Cigeklenme 64.16 62.00 63,08 a 8.83 13.33 11.00 832.70 628.83 730.76 a
Full Blooming
Ortalama 791.54 a 537.26 b
Mean 61.16 59.87 8.00 b 12.00a
EGF (LSD) %5 Hasat Zamani (A):3.51 Hasat Zamani (A):6.d Hasat Zamani (A):65.84
Dikim Siklig1 (B):6.d. Dikim Sikhig1 (B):2.12 Dikim Siklig1 (B):69.24
AXxB:6.d AxB:6.d A x B:6.d

Dal sayist iizerine dikim siklig1 x hasat zamani interaksiyonun etkisi incelendiginde aralarindaki farklilik
O6nemli olmamakla birlikte, en yiiksek deger 13.33 adet/ bitki ile 60x25 cm dikim sikliginda elde edilmistir. Elde
ettigimiz dal sayis1 degerleri Hussein ve ark. (2006)’m belirttigi sonuglarla (9.56-12.17 adet/bitki) benzerdir.
Bitkiler arasindaki mesafe arttikga buna paralel olarak dal sayisi da artmigtir. Aymi sonucu Yousefzadeh ve
Sabaghnia (2016) Moldovya ejderi’ nde farkli dikim sikligi (10, 15, 20, 40 ¢m) uyguladiklar ¢aligmada elde
etmiglerdir.
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3.3. Taze Herba Verimi

Varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde hasat zamani
(P<0.05) ve dikim siklig1 (P<0.01) taze herba verimi tizerinde 6nemli bir etkiye sahip oldugu; interaksiyonunun
ise dnemli bir etkiye sahip olmadig1 belirlenmistir (Tablo 3). Bitki dikim siklig1 ortalama degerleri incelendiginde
en yiiksek taze herba verimi 791,54 kg da* 40x25 dikim sikliginda elde edilmistir (Tablo 4). Calismamizda taze
herba verimi bitki sikligindaki artisla birlikte artmigtir. Taze herba verimi {izerine dikim sikli1 x hasat zamani
interaksiyon etkisi 6énemli olmamakla birlikte, en yiiksek verim degeri 832.70kg da? olarak tam ¢igeklenme
doneminde 40x25 dikim sikliginda belirlenmistir.

Hasat zamanina dair ortalama degerler incelendiginde en yiiksek taze herba verimi 730.76 kg da® tam
ciceklenme doneminden elde edilmistir (Tablo 4). Cigeklenme 6ncesi donemde yapilan hasatta ise verim degeri
598.04 kg da* olmustur. Bitkinin ¢iceklenme baslangicinda yapilan hasattan tam g¢iceklenme dénemine dogru
taze herba veriminde %22 oraninda bir artig gézlenmistir. Bitkinin ¢igeklenme doneminde de gelismesine devam
etmesi taze herba agirliginda artisa neden olmustur

Khalili ve Armini (2014) Moldovya ejderi’ nde ayni sonucu bularak hasat zamaninin taze herba verimini
etkiledigi en yiiksek taze herba verimimin tam ¢i¢eklenme doneminde elde edildigini belirtmislerdir. Yaptigimiz
calismaya paralel olarak Ahmadi ve Hadipanah (2014) Dracocephalum moldavica L.’ da bitki sikliginin taze ve
kuru herba veriminde etkili oldugunu ve en yiiksek taze herba verimini (826.2 kg da) en yogun (30x10) dikim
sikliginda elde etmislerdir. Daha 6nce farkli tibbi ve aromatik bitkiler (kekik, ogul otu, limon otu) iizerinde yapilan
¢aligmamalarda da taze herba verimi bitki yogunlugunun artisiyla artmistir (Shalaby ve Razin, 1992; Karik ve
Azkan, 2011; Uyanik ve Giirbiliz, 2015). Bu durum birim alanda daha fazla sayida bitki bulunmasi ve bitkilerin
toplamda daha yiiksek 151k kullamimi sonucu vejetatif aksamdaki artis ile agiklanabilir (Badi ve ark.,2004).
Sonuglarimiz Ahmadi ve Hadipanah (2014) iran kosullarinda elde ettigi verim degeriyle (826.2 kg da™) benzer;
Amirnia ve ark., (2015) aym ekolojik kosullarda elde ettigi verimin (389,23 kg da™) ¢ok iizerindedir. Bu durum
bitki herba verimi iizerinde ekolojik kosullarin yani sira ekim zamani, hasat zamami ve farkli tarimsal
uygulamalarin da etkisini gostermektedir.

3.4. Drog Herba Verimi

Varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde hasat zamani1 ve
dikim sikliginin (P<0.05) drog herba verimi iizerinde énemli bir etkiye sahip oldugu; interaksiyonunun ise 6nemli
bir etkiye sahip olmadigi belirlenmistir (Tablo 3). Bitki sikligina ait ortalama degerler incelendiginde en yiiksek
drog herba verimi 184.33 kg da! 40x25 dikim sikliginda elde edilmistir (Tablo 5). Drog herba verimi {izerine
interaksiyon etkisinin degerleri incelendiginde en yiiksek drog herba verimi 212.70 kg da* olarak 40x25 cm dikim
sikliginda elde edilmistir. Denemede taze herba veriminde oldugu gibi drog herba verimi de birim alanda bitki
sayisindaki artis ve azalisa paralel olarak degismektedir. Farkli iklim kosullarinda, farkli bitkiler (Thymus vulgaris,
Origanum onites) lizerinde yapilan bitki siklig1 ¢alismalarinda aynmi sonug elde edilmis, birim alandaki bitki
sayisindaki artisa paralel olarak drog herba verimi de arttirmistir (Badi ve ark., 2004; Kagar ve ark., 2006).
Calismamizda hasat zamaninin ortalama degerleri incelendiginde en yiiksek drog herba verimi 194.41kg da! yesil
herba verimin de oldugu gibi tam ¢i¢eklenme doneminde elde edilmistir (Tablo 5). Drog herba verimi degerleri,
taze herbanin farkli yontemlerle kurutulmasiyla elde edilir. Bu iki deger kurutma yontemine, kurutma siiresine gibi
¢esitli unsurlara bagli olarak birbirini oransal olarak etkiler (Polatc1 ve Tarhan 2009; Caliskan ve ark., 2017; Katar
ve ark., 2021). Calismamizda elde ettigimiz drog herba verileri Abdossi ve ark. (2015) fran kosullarinda elde
ettikleri deger (278.75 kg da?) ile Hussein ve ark. (2006)’nm Musir kosullarinda bildirdigi (185.20 kg da*) deger
arasinda yer almaktadir.

3.5. Drog Yaprak Verimi

Varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde hasat zaman1 ve
dikim sikliginin (P<0.05) drog yaprak verimi lizerinde dnemli bir etkiye sahip oldugu, interaksiyonunun ise 6nemli
bir etkiye sahip olmadigi belirlenmistir (Tablo 3). Hasat zamanina ait ortalama degerler incelendiginde en yiiksek
drog yaprak verimi tam ¢iceklenme doneminde (122.23 kg da?) elde edilmistir (Tablo 5). Drog yaprak verimi tam
ciceklenme donemine dogru bitkinin dal sayisindaki artisa ve yesil aksamindaki gelismeye paralel olarak artis
gOstermigtir. Calismamizda bitki siklig1 arttik¢a taze herba verimin de oldugu gibi drog yaprak verimi de artmigtir.
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En yiiksek drog yaprak verimi 40 cm dikim sikliginda 106.90 kg da? olarak bulunmustur (Tablo 5). Bitki siklig
arttik¢a yani toprak yilizeyinde birim alan bagina diisen bitki sayisi arttikca, fotosentez yapilan yiizey alanin artar
ve sonucunda drog yaprak veriminde de artig goriiliir. Farkli bitkilerde yapilan dikim siklig1 ¢alismalarinda da
benzer sekilde, en yiiksek yaprak verimi en yogun dikim sikliklarinda elde edilmistir (Kizil ve Tonger, 2001; Katar
ve Giirbiiz, 2008).

Drog yaprak verimi lizerine hasat zamani ve bitki siklig1 interaksiyonun ortalama verileri incelendiginde en
yiiksek verim 135.33 kg da® tam ¢igeklenme déneminde 40x25 cm dikim sikhiginda elde edilmistir. Drog yaprak
verimi degerleri taze herba verimine paralel bir sekilde artig gostermistir. Kuru yaprak veriminin, herba verimi,

kuru madde oran1 ve yaprak oranina bagli olarak degistigi bilinmektedir (Ekren ve ark., 2009).

Tablo 5. Dracocephalum moldavica L.’ da farkli hasat zamani ve ekim sitkliklarinin incelenen verim ve kalite
ozelliklerin iizerine etkisi

Table 5. The effect of harvesting time and planting density on the traits examined in yield and quality
characteristics Dracocephalum moldavica L.

Drog Herba Verimi Drog Yaprak Verimi Ucucu Yag Oram
Uygulamalar Dry Weight (kg da?) Dry Leaf Weight (kg da?) Essential Oil Ratio (%)
Treatments 40 x25 60x25  Ortalama 40 x25 60 x25 Ortalama 40 x25 60x25  Ortalama
Mean Mean Mean
Cigeklenme 6ncesi 155.96 92.13 124.05 b 78.46 52.26 65.36 b 0.27 0.28 0.276 b
Before Blooming
Tam Cigeklenme 212.70 172.13 19441 a 135.33 109.13 122.23a 0.36 0.38 0.375a
Full Blooming
Ortalama 184.33a 132.13b 106.90 a 80.70 b 0.318 0.333
Mean
EGF %5 Hasat Zamani (A):34.86 Hasat Zamani (A):27.28 EGF Hasat Zamani (A):0.0013
LSD Dikim Siklig1 (B):32.30 Dikim Siklig1 (B):23.35 EGF Dikim Siklig1 (B):6.d
AXxB:6.d AxB:6.d EGF A x B:6.d

3.6. Ugucu Yag Oram

Varyans analizi sonucuna gore, Moldovya ejderi (Dracocephalum moldavica L.) bitkisinde hasat zamanimin
(P<0.01) ugucu yag orani iizerinde 6nemli bir etkiye sahip oldugu; bitki siklig1 ve interaksiyonunun ise dnemli bir
etkiye sahip olmadigi belirlenmistir (Tablo 3). Arastirmada bitki siklig1 ortalama degerleri incelendiginde ugucu
yag orant 40x25 dikim sikliginda %0.318 bulunurken, 60x25 dikim sikhiginda %0.333 e ¢ikmistir (Tablo 5).
Calismamizda hasat zamaninin ortalama degerleri incelendiginde ugucu yag orani ¢igeklenme dncesi 0.276 iken
tam ¢igeklenme sirasinda %0.375 ulasarak 6nemli bir artis gostermistir (Tablo 5). Calismada hasat zamani x bitki
siklig1 interaksiyon degerleri incelendiginde, aralarindaki farklilik 6nemli olmamakla birlikte, en yiiksek ugucu
yag oran1 %0.38 olarak tam ¢i¢eklenme doneminde 60x45 dikim sikligina belirlenmistir. Khalili ve Amirnia (2014)
yaptiklari ¢aligmada Moldovya ejderi’nde en yiiksek ugucu yag oranini ¢aligmamizla ayni sekilde tam ¢igeklenme
déneminde bulundugunu bildirmislerdir. Said-Al Ahl ve ark. (2015) bitkinin ugucu yag oran1 ve igerigi acisindan
en bilyiik etkenin hasat tarihi oldugu belirtmigler ve en yiiksek ugucu yag oranini1 Misir kosullarinda Mart ayinda
elde etmislerdir. Omidbaigi ve ark. (2009) ise iran kosullarinda yaptiklar1 ¢alismada en yiiksek yag oranini (%3.2)
tam ¢igeklenme doneminde elde etmislerdir. Yapilan bu ¢alismalar Moldovya ejderinde bitkinin fenolojik
donemlerinin ugucu yag orani lizerinde 6nemli bir etkisi oldugunu gostermistir.

Aragtirma sonuglar1 incelendiginde bitki sikligindaki artis ugucu yag oraninda azalisa sebep olmustur. Bitkiler
arasindaki mesafenin artmasiyla birlikte bitki biinyesine topraktan daha bol besin elementi ve su alimi saglanir.
Ayni zamanda bitkinin giines 15181ndan daha etkin bir sekilde yararlanmasiyla birlikle bitkide daha fazla sekonder
metabolit birikimine saglanmis olur (Khorshidi ve ark., 2009). Daha 6nce farkli bitkiler (Satureja khuzestanica,
Artemisia annua) tizerinde yapilan dikim siklig1 ¢alismalarinda arastirmacilar ayni sonuca ulagsmislardir (Hadian
ve ark., 2016; Nigussie ve ark., 2017).

Bitkinin ugucu yag oranimi Said-Al Ahl ve ark. (2015) Misir’da %0.11, Shuge ve ark. (2010) Cin’de %0.15;
Iran’da Ehsani ve ark. (2017) %1, Janmohammadi ve ark. (2014) %0.77, Abdossi ve ark. (2015) %0.065 olarak
bulmuslardir. Bu durumun nedeni bitkinin ugucu yag orani tizerinde genotip, ekolojik kosullar, giibreleme, sulama,
bitki siklig1, ekim ve hasat zamani, farkli kurutma yontemleri gibi ¢esitli unsurlarin etkisi olmasidir (Borna ve ark.,
2007; Janmohammadi ve ark., 2014; Said-Al Ahl ve ark., 2015; Amirnia ve ark., 2015; Morshedloo ve ark., 2021).
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3.7. Ugucu Yag Bilesenleri

Ugucu yag bilesen analizi sonucunda Dracocephalum moldavica L.’da toplam 42 bilesen belirlenmistir (Tablo
6) Ugucu yaglarin ana bilesenleri geranil asetat, gerenial (a-citral), neral, geraniol’dur. Bu ana bilesenler ugucu
yagin %88.2- 88.9’unu olusturmaktadir. Arastirmada ugucu yag ana bilesenlerin toplaminin en yiiksek oranina
(%89.95) tam ¢igeklenme doneminde 60x25 cm bitki sikliginda ulagilmistir. Geranil asetat, en yiiksek degerlerine
(%54.72) 40x25 cm dikim sikliginda tam ¢iceklenme déneminde ulasmustir (Sekil ). Geranil asetat (3,7-
dimethylocta-2,6-dien-1-yl ethanoate), ugucu yaglara giil kokusu veren ve bu nedenle parfimeri tiretimi igin
yaygin olarak tercih edilen oksijenli monoterpendir (Rosa ve ark., 2017). Calismamizda elde ettigimiz geranil
asetat oran1 Omidbaigi ve ark. (2009) % 50.1 oraniyla benzer, daha 6nce farkli arastirmacilarin yaptigi birgok
¢aligmadan yiiksek bulunmustur (Arabbaghi ve ark., 2014; Janmohammadi ve ark., 2014; Said-Ah Ahl ve ark.,
2015; Ehsani ve ark., 2017). Bu durum bitkinin Cukurova kosullarinda dogal bir geranil asetat kaynagi olarak
kullanilabilecegini diisiindiirmektedir. Gerenial, neral ugucu bilesenleri geraniol’in oksidasyon firiinleridir ve
genellikle ugucu yag bilesenlerinde birlikte bulunurlar. (Younis ve ark., 2021). Calismamizda da bu ii¢ bilesen
birlikte bulunmus. Tam ¢igeklenme doneminde 60x25cm dikim sikliginda gerenial ve neral en yiiksek degerleri
(swrastyla %17.396-12.661) geraniol’iin ise en diisiik degeri (%5.780) belirlenmistir

Geranyl acetate

Gerenial

Neral

Geraniol e 6272

0 10.000 20.000 30.000 40.000 50.000 60.000

H Tam Ciceklenme 60X25 W Tam Ciceklenme 40X25 M Ciceklenme Oncesi 60X25  H Ciceklenme Oncesi 40X25

Figure 1. The effect of different planting density and harvest times on essential oil major components in
Dracocephalum moldavica L.

Sekil 1. Dracocephalum moldavica L. da ucucu yag ana bilesenleri iizerine farkh dikim sikliklart ve hasat
zamani etkisi

Alaei ve Mahna (2013) fran’da arazi ve sera kosullarinda yetistirdikleri bitkileri kiyasladiklar1 ¢alismalarinda
ucucu yagin ana bilesenlerini benzer oranlarda sirastyla toplam %76.8 — 88.5 geranil asetat, gerenial, neral.
geraniol olarak bulmuslardir. Daha 6nce farkli arastirmacilar tarafindan yapilan ¢alismalarda bitkinin ugucu yag
ana bilesenlerini ¢aligmamizla ayni bilesenleri bulmuslardir (Janmohammadi ve ark., 2014; Said-Al Ahl ve ark.,
2015; Amini ve ark., 2020). iran‘in bes farkli bolgesinden topladiklart Moldovya ejderi bitkisini karsilastiran
Yousefzadeh ve ark. (2018) ana bilesenleri geraniol, geranial, and geranil asetat olarak bulmuglardir. Bu
¢alismalarin yani sira Hussein ve ark. (2006) Misir’da, Shatar ve Altantsetseg (2000) Finlandiya‘da yaptiklar
¢aligmalarda bitkinin ugucu yag ana bilesenlerini linalol ve geranial olarak bulmuslardir. Yapilan ¢aligmalardan
¢ok farkli olarak Cin’de ugucu yag ana bilesenleri 1,8-cineol, terpineol-4 ol (%22.82), cumin alcohol (%4.29)
olarak bulunmustur (Chu ve ark., 2011). Tibbi ve aromatik bitkilerde ugucu yag igerigini ¢evre faktorleri, cografi,
iklim, edafik, orografik ve biyolojik faktorlerden etkilenebildigi goriilmektedir (Maral ve ark., 2015; Baydar, 2016,
Soltanbeigi ve Ozgiiven, 2021).
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Tablo 6: Dracocephalum moldavica L.’da ucucu yag bilesenleri iizerine farkl dikim sikliklari ve hasat
zamaninin etkisi

Table 6: The effects of different planting density and harvest times on essential oil components in
Dracocephalum moldavica L.

Ciceklenme Oncesi Tam Ciceklenme
Bilesenler RT Before Blooming Full Blooming
Compounds (%) 40 cm 60cm 40cm 60cm
beta.-Myrcene 12.65158 0.081 0.067 0.070 0.075
3-Octanone 16.22155 0.135 0.134 0.117 0.124
5-Hepten-2-one. 6-methyl- 19.60732 0.307 0.361 0.311 0.309
1-Octen-1-ol. acetate 21.46133 0.084 0.085 - -
Rosefuran 22.3607 0.114 0.108 0.142 0.060
4-(2.2-Dimethyl-6-methylenecyclohexyl)butanal 23.1066 0.071 0.074 0.099 0.128
cis-Linalool oxide 24.12875 0.065 0.126 0.106 0.111
1-Octen-3-ol 24.3958 0.234 0.275 0.193 0.105
trans-Linalool oxide 25.2829 0.090 0.129 0.126 0.208
2-Nonyn-1-ol 25.70957 0.080 0.068 0.082 0.124
alfa.-Copaene 26.46467 0.303 0.359 0.224 0.080
trans-Chrysanthemal 26.71637 0.203 0.179 0.251 0.232
Camphor 27.06628 0.195 0.104 0.104 0.253
(-)-.beta.-Bourbonene 27.55433 0.113 0.139 0.113 0.108
Isoneral 28.13447 0.236 0.237 0.212 0.091
Linalool 28.34012 0.713 0.742 0.570 0.264
Isogeranial 29.2416 0.562 0.595 0.519 0.651
Rose furan oxide 30.4826 0.147 0.155 0.288 0.574
Caryophyllene 30.58388 0.247 0.059 0.198 0.229
Z.7-6.28-Heptatriactontadien-2-one 32.58825 0.154 0.210 0.075 0.060
Neral 33.4637 11914 11.960 11.729 12.661
Methyl nerolate 34.0585 0.245 0.125 0.198 0.197
Germacrene D 34.8105 0.193 0.316 0.123 0.134
2-Decyn-1-ol 34.9701 0.082 0.090 0.116 0.114
Nerol acetate 35.22178 3.869 3.579 3.744 3.629
Gerenial 35.3507 16.229 16.331 16.635 17.396
Geranyl acetate 36.42497 53.743 53.635 54.723 54118
B-copaene 36.64288 0.166 0.060 0.062 0.202
Methyl salicylate 36.76873 0.111 0.060 - -
cis-Geraniol 37.86757 0.177 0.175 0.247 -
Geraniol 39.51582 6.623 6.272 6.308 5.780
Gerany| acetate. 2.3-epoxy- 43.62573 0.060 0.541 0.067 0.055
Caryophyllene oxide 44,2887 0.437 0.220 0.266 0.278
2-Octen-1-ol. 3.7-dimethyl-. isobutyrate. (Z)- 45.85098 0.224 0.131 0.273 0.061
Levoverbenone 46.42187 - - 0.078 0.058
Cubenol 46.70427 0.115 0.182 0.063 0.098
(-)-Spathulenol 48.68092 0.159 0.262 0.095 0.062
Hexahydrofarnesy!l acetone 48.93875 0.223 0.152 0.081 0.095
Widdrol 52.17072 0.117 0.103 0.146 -
Neric acid 53.84655 0.088 0.328 0.086 0.109
Geranic acid 55.10188 0.269 0.058 0.248 -
Phenylephrine 56.09023 0.096 0.071 0.172 -
Gerany! acetate+ Gerenial +Neral + Geraniol 88.509 88.203 89.395 89.955
Toplam 99.546 98.857 99.26 98.833
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4. Sonug¢

Tiirkiye’de Moldovya ejderi bitkisi iizerine yapilan verim ve kalite bilesenlerinin birlikte incelendigi ¢aligma
bulunmamaktadir. Bitkinin Cukurova kosullarinda yetistiriciligi basartyla yapilmistir. Bitkinin verim ve kalite
degerleri daha once farkli cografyalarda yapilan calismalarla benzer veya yiiksektir. Bununla birlikte bitkinin
ugucu yag bilesenleri incelendiginde Geranil asetat degerleri (%53.635-54.118) daha dnce farkli aragtirmacilarin
yaptigi ¢alismalardan yiiksek bulunmasiyla dikkat ¢ekmektedir. Cukurova Kosullari i¢in bitkinin hasatinin, verim
komponentlerinin artis gosterdigi tam ¢igeklenme doneminde yapilmasi uygun goriilmektedir. Bitki dikim siklig
arttitkga taze herba, drog yaprak ve herba verimi artmistir. Elde ettigimiz veriler dogrultusunda Cukurova
kosullarinda Moldovya ejderi igin en uygun hasat zamani tam ¢i¢eklenme dénemi, en uygun bitki dikim siklig1 ise
40x25 cm olarak tavsiye edilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Bayburt ili Fasulye Ekim Alanlarinda Gériilen Yabanci Otlar, Yogunluklar: ve
Rastlama Sikhklar™

Determination of the Weed Species, Density and Frequency in Bean Fields in Bayburt
Province

Osman TURKER!, irfan CORUH?

Oz

Bu calisma Bayburt ili fasulye ekim alanlarindaki yabanci otlarmn tespiti, yogunluklar1 ve rastlama sikliklari
durumlariin belirlenmesi amaciyla 2020 yilinda Bayburt Merkez, Aydmtepe ve Demirdzii ilgelerinde
yiriitiilmiistiir. Calisma yapilacak alanin ¢evresindeki iiriin deseni g6z Oniine alinarak, farkli tiriin desenlerinin
bulundugu boélgelerde galismalar alanin i¢ kesimlerinde 1 m?’lik gerceveler kullanilarak yapilmistir. Cergeve
icerisine denk gelen her bir yabanci ot i¢in sayimlar yapilmistir. Yapilan incelemeler sonucunda 1 tek c¢enekli
(Monocotyledoneae) ve 15 cift cenekli (Dicotyledoneae) olmak tizere 16 familyaya ait 26 cinse mensup 26 yabanci
ot tiirii belirlenmistir. Bu yabanci otlarin yogunluklarmin 0.02 ile 5.29 bitki m arasinda degistigi ve ortalama
yogunlugun ise 18.98 bitki m? oldugu tespit edilmistir. Bayburt il bazinda yapilan siirvey ¢aligmalar1 sonucu
ortalama yogunluk ve rastlama siklig1 bakimindan en fazla tiirler sirastyla Elymus repens (L.) Gould (5.29 bitki m
2: 968.46), Amaranthus retroflexus L. (4.50 bitki m; %66.65), Convolvulus arvensis L. (3.16 bitki m; %62.92),
Chenopodium album L. (0.87 bitki m?; %31.86) ve Cirsium arvense (L.) Scop. (0.82 bitki m?; %31.79) olup en
az tiirler ise sirastyla Setaria viridis (L.) P. Beauv. (0.07 bitki m?; %5.67), Ranunculus arvensis L. (0.07 bitki m-
2: %4.76), Chondrilla juncea L. (0.07 bitki m?; %3.89), Vicia cracca L. (0.06 bitki m; %5.56), Boreava orientalis
Jaub. and Spach (0.04 bitki m?; %3.43) ve Isatis glauca Aucher ex Boiss. (0.02 bitki m?; %1.54) olarak
belirlenmistir. Bayburt ili fasulye tarlalarinda, birim alandan elde edilecek verimin artirilmast igin 6zellikle Elymus
repens (L.) Gould, Amaranthus retroflexus L. ve Convolvulus arvensis L. gibi yabanci otlarla miicadele yapilmasi
gerekmektedir. Bunun i¢in yoreye adapte olmus fasulye ¢esitlerine dnem verilmelidir.
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Abstract

This study was carried out in Bayburt Merkez, Aydintepe and Demirdzii districts in 2020 in order to determine the
weeds, their densities and their incidence in the bean cultivation areas of Bayburt Province. Considering the
product pattern around the area to be studied, studies were carried out in areas with different product patterns,
using 1 m? frames in the inner parts of the area. Counts were made for each weed in the frame. As a result of the
examinations, 26 weed species belonging to 26 genera belonging to 16 families, 1 from Monocotyledoneae and
15 from the Dicotyledoneae, were determined. It has been determined that the densities of these weeds vary
between 0.02 and 5.29 plant m2and the average density is 18.98 plant m2. As a result of the survey studies
conducted on the basis of Bayburt province, the highest species in terms of average density and frequency of
occurrence were Elymus repens (L.) Gould (5.29 plant m?; 68.46%), Amaranthus retroflexus L. (4.50 plant m?;
66.65%), Convolvulus arvensis L. (3.16 plant m; 62.92%), Chenopodium album L. (0.87 plant m; 31.86%) and
Cirsium arvense (L.) Scop. (0.82 plant m?; 31.79%) and the least species were Setaria viridis (L.) P. Beauv. (0.07
plant m; 5.67%), Ranunculus arvensis L. (0.07 plant m*; 4.76%), Chondrilla juncea L. (0.07 plant m?; 3.89%),
Vicia cracca L. (0.06 plant m; 5.56%), Boreava orientalis Jaub. and Spach (0.04 plant m?; 3.43%) and Isatis
glauca Aucher ex Boiss. (0.02 plant m?; 1.54%). In the bean fields of Bayburt province, it is necessary to control
weeds such as Elymus repens (L.) Gould, Amaranthus retroflexus L. and Convolvulus arvensis L. in order to
increase the yield to be obtained from the unit area. For this, attention should be paid to bean varieties adapted to
the region.

Keywords: Bean, Weed, Weed density, Frequency, Bayburt
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1. Giris

Insanoglunun yeryiiziindeki hayatinin siirekliligi igin diger tiim organizmalarin korunmasi ve yasamalarina
devam etmesi gerekmektedir. Iste bu canlilarm icinde yabanci otlar oldukca biiyiik 6nem arz etmektedir (Coruh
ve ark., 2014).

Diinyada iiretimi yapilan baklagiller icerisinde sirasiyla fasulye, nohut, bezelye, boriilce, mercimek ve bakla
onde gelmektedir (Anonim, 2015). Giiney Amerika fasulyenin anavatani olup, lilkemizin hemen hemen tiim
bolgelerinde yetisebilen ve en fazla iiretimi yapilan sebze tiirlerinden birisidir. Taze fasulye A, Bl, B2 ve C
vitaminlerince zengindir. Fasulye bir sicak iklim bitkisidir. Fasulye bitkisi tohumu 15-20 °C’de ¢imlenebilen,
pH’s1 7-8 olan tinl1, alkali ve tuzluluk sorunu olmayan verimli topraklarda iyi yetismektedir (Anonim, 2021a).

Fasulye bitkisinin verimini artirmak i¢in iyi bir toprak hazirlig1, uygun sulama, yeterli ve dengeli giibreleme
gibi kiiltiirel uygulamalarin yaninda, yabanci otlarla miicadelenin de yapilmasi zorunludur. Yabanci otlar sebebiyle
fasulye bitkisinde onemli verim kayiplarinin oldugu bilinmektedir. Bu kayiplar yabanci otlarin tiiriine ve
yogunluguna bagl olarak degismektedir (Zengin, 1999).

Yabanci otlar kiiltiir bitkileri ile biiyiime faktorleri olan besin maddeleri, su ve 151k yoniinden rekabete girerek
verim kayiplarina neden olmaktadir (Ozer ve ark., 2001; Tepe, 2014; Giincan, 2019). Fasulye bitkisinde yabanci
ot tilirlerinden dolayi, 6nemli derecede iirlin kayiplarinin ortaya ¢iktigi bilinmektedir. Nitekim Cramer (1967)
Amerika Birlesik Devletleri'nde yabanci otlarm fasulyede %8.7 oraninda {iiriin kaybma neden olduklarin
bildirmektedir. Fasulyedeki iiriin kaybinda, kiiltiir bitkisi ile yabanci ot tiirii ve yogunlugu biiyiik rol oynamaktadir.
Yabanci otlardan dolayi fasulye bitkisinde meydana gelen zarar, bitkinin ¢ikistan sonraki ilk 4-6 haftalar i¢erisinde
en yliksek seviyesinde olmaktadir (Nieto ve ark., 1968). Fasulye cesitleri arasinda da yabanci otlarla rekabet
acisindan farkliliklar bulunmaktadir. Sirik fasulyede farkli, bodur gesitlerde farkli yabanci ot tiirleri sorun
olusturmasiin yaninda, tarlaya ekildiginde veya sebze olarak yetistirildiginde de farkli tiirler ortaya ¢ikabilir
(Tepe, 2014).

Ulkemiz genelinde fasulyenin 2020 yil1 ekim alani, iiretimi ve verimi sirastyla kuru fasulyede 1.029.850 da,
279.518 ton ve 271 kg da’'; taze fasulyede ise 415.110 da, 547.349 ton ve 1.319 kg da* oldugu belirlenmistir.
Buradan fasulyenin insan gidasi olarak tiiketimine yonelik yetistiriciliginin, ekim alani, iiretimi ve verimi sirastyla
kuru fasulyede 2.516 da, 302 ton ve 120 kg da’?, taze fasulyede 482 da, 578 ton ve 1.200 kg da? ile Bayburt ili 6n
plana ¢ikmistir (Anonim, 2021b).

Bayburt ili (Merkez, Aydintepe ve Demirdzii) fasulye yetistiriciligi yapilan ekili alanlarda yabanci otlarla
miicadele teknikleri iireticilerimiz tarafindan geregi gibi uygulanmadigindan dolay1 {iriin kayiplar1 meydana
gelmektedir. Bu durum fasulye bitkisinde yabanci ot miicadelesinin son derece 6nemli oldugunu ve miicadelenin
gerekliligini ortaya koymaktadir. Yabanci otlara karsi etkili bir miicadelenin yapilabilmesi i¢in 6ncelikle fasulye
ekim alanlarindaki yabanci ot tiirlerinin yogunluk ve rastlama sikliklarimin belirlenmesi gerekmektedir. Bu nedenle
Bayburt ili (Merkez, Aydintepe ve Demirozii) fasulye ekili alanlarindaki yabanci otlarin tiirleri, yogunluklari ve
rastlama sikliklarinin tespit edilmesi amaglanmuistir.

2. Materyal ve Metot

Caligmadaki ana materyal, Bayburt Merkez, Aydintepe ve Demir6zii ilgelerinde fasulye ekim alanlarmdaki yabanci
otlardir (Sekil 1).
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Figure 1. Bayburt province geographical map

Sekil 1. Bayburt ili cografi haritasi
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2.1. Siirvey Calismalart

Siirvey calismalari, Bayburt ilinin Merkez, Aydintepe ve Demirdzii ilgelerinde 2020 vejetasyon doneminde
gerceklestirilmistir (Tablo 1).

Tablo 1. 2020 Bayburt Ili Fasulye Uretim Verileri (Anonim, 2021b)
Table 1. 2020 Bean Production Data for Bayburt Province (Anonim, 2021b)

Kuru Fasulye Taze Fasulye
Dry Bean Green Bean
Ekim Alam Uretim Ekim Alam Uretim

BAYBURT 2020 Sowing Area Production ~ Sowing Area  Production

(da) (ton) (da) (ton)
Merkez 1900 228 286 343
Demirdzii 158 19 125 150
Aydmtepe 458 55 71 85
Genel 2516 302 482 578

Total

Siirvey c¢alismalari 2020 yilinda Bayburt Merkez, Aydintepe ve Demir6zil ilgelerinde bolimlii 6rnekleme
yontemine gore yapilmistir (Bora ve Karaca, 1970). Calisma alanini olusturan {i¢ ilcede toplam 46 fasulye tarlasina
gidilerek 6rnekleme yapilmistir. Calismalar 2020 yilinda fasulye ekim ve hasat tarihlerine bagl olarak Haziran-Eyliil
aylart arasinda yapilmigtir. Calisma yapilacak alanin gevresindeki iriin deseni gz Oniine almarak, farkli {iriin
desenlerinin bulundugu boélgelerde ¢alismalar alanin i¢ kesimlerinde 1 m?’lik gergeveler kullanilarak yapilmustir.
Bayburt ili genelinde ekilen fasulye tarlalarinin 10 dekardan kiigiik olmasi sebebiyle 3 dekarm altina diismemek
kaydiyla her tarlaya 4 cerceve atilmistir. Cergeve igerisine denk gelen her bir yabanci ot igin sayimlar yapilmistir
(Odum, 1971). Cergeve igerisindeki yabanci otlarm sayimi yapilirken genis yaprakli yabanci otlar tiim bitki olarak, dar
yapraklilarin (Poaceae) ise kardeslenme sayilari sayilarak degerlendirme yapilmis olup siirvey formlarina
kaydedilmistir. Yapilan sayimlar sonucu her bir yabanci ot i¢in aritmetik ortalama alinarak her tiire ait yogunluklar
hesaplanmustir (Giincan, 2019). Calisma sirasinda teshisi yapilamayan yabanci otlar Davis (1965-1988) ve Atatiirk
Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii Herbaryumu’ndan yararlanilarak yapilmustir. Teshis edilen
yabanci otlarin Tiirkge adlart Ulug ve ark. (1993)'den almmustir.

2.2. Yogunluk ve Rastlama Sikliginin Belirlenmesi

Yabanci otlarin yogunluklarinim belirlenmesinde 1 m?’lik gergeveler igerisine giren her bir yabanct otun aritmetik
ortalamalar1 hesaplanmistir. Atilan gerceveler igerisine giren her bir yabanci ot igin sayimlar yapilarak, atilan toplam
gergeve sayisma boliimii sonucu her bir yabanci ot i¢in yogunluk (bitki m2) hesaplamasi yapilmistir.

Tespit edilen yabanci otlara ait yogunluk;

Yogunluk = B m — 1 formiilii kullanilarak hesaplamalar yapilmigtir (Giincan, 2019).
Formiilde;

B: Atilan gergevelerin igerisine denk gelen her bir yabanci ot tiirliniin toplam say1si

m: Atilan toplam cergeve adedi

Rastlama sikligi (R. S.) ise;

R.S5.(%) = N m — 1 x 100 formiilii kullanilarak hesaplamalar yapilmigtir (Odum, 1971).
Formiilde;

N: Yabanci ot tiiriiniin tespit edildigi ¢er¢eve adedi

m: Atilan toplam gergeve adedi
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3. Arastirma Sonuclari ve Tartisma

Bayburt ili Merkez, Aydmtepe ve Demir6zii ilgelerindeki fasulye ekim alanlarinda 1 tek c¢enekli
(Monocotyledoneae) ve 15 ¢ift cenekli (Dicotyledoneae) olmak iizere 16 familyaya ait 26 cinse mensup 26 yabanci
ot tiirii belirlenmistir. Bu yabanci otlarin yogunluklarinm 0.02 ile 5.29 bitki m2 arasinda degistigi ve ortalama
yogunlugun ise 18.98 bitki m? oldugu tespit edilmistir. Yabanci ot tiirlerinin familyalara gére dagilimlari, Tiirkge

adlar1, yogunluklari ve rastlama sikliklar1 Tablo 2°de verilmistir.

Bayburt il bazinda yapilan siirvey ¢aligmalar1 sonucu ortalama yogunluk ve rastlama sikligi bakimindan en
fazla tiirler sirastyla Elymus repens (L.) Gould (5.29 bitki m?; %68.46), Amaranthus retroflexus L. (4.50 bitki m-
2: 9%66.65), Convolvulus arvensis L. (3.16 bitki m; %62.92), Chenopodium album L. (0.87 bitki m; %31.86) ve
Cirsium arvense (L.) Scop. (0.82 bitki m2; %31.79) olup en az tiirler ise sirastyla Setaria viridis (L.) P. Beauv.
(0.07 bitki m?; %5.67), Ranunculus arvensis L. (0.07 bitki m?; %4.76), Chondrilla juncea L. (0.07 bitki m%;
9%3.89), Vicia cracca L. (0.06 bitki m?; %5.56), Boreava orientalis Jaub. and Spach (0.04 bitki m; %3.43) ve
Isatis glauca Aucher ex Boiss. (0.02 bitki m?; %1.54) olarak belirlenmistir (Tablo 2).

Dovan ve Giincan (1997) Konya bolgesinde 1995 yilinda fasulye bitkisinde yaptiklari ¢alisma sonucunda, 22
familyaya ait 56 yabanc1 ot tiiriine rastlanmis ve en yogun tiir olarak C. album (sirken), A. retroflexus (kirmizi
kokli tilki kuyrugu), C. arvensis (tarla sarmagigi), Amaranthus albus L. (horozibigi), Sinapis arvensis L. (yabani
hardal), Salsola ruthenica Iljin. (soda otu), Heliotropium dolosum D. Not. (kederli bozot) ve C. arvense
(koygociiren) nin tespit edildigini bildirmislerdir. Calismada tespit edilen kirmizi koklii tilkikuyrugu, sirken, tarla
sarmasigl, koygociiren ve yabani hardalin yogunluk ve rastlama sikligi agisindan Bayburt’ta yapilan ¢alisma
sonuglari ile benzerlik gosterdigini ancak diger tiirlerle arasinda farkliliklar oldugunu séylemek miimkiindiir.

Erol ve ark. (1997) Tokat Kozova’da 1995 yili vejetasyon doneminde fasulye ekim alanlarinda yapilan siirvey
sonucunda 51 yabaci ot tiirii saptanmustir. Kozova genelinde en 6nemli yabanci ot tiirleri; A. retroflexus, C. album,
C. arvense, S. arvensis, Heliotropium hirsutissumum Grauer, Solanum. nigrum L., Portulaca oleracea L., ve
Echinochloa crus-galli (L.) P. Beauv. olarak bildirmistir. Bayburt’taki ¢aligmada da A. retroflexus, C. album, C.
arvense ve S. arvensis fasulye ekim alanlarinda hem yogunluk hem de rastlama sikli1 agisindan benzer oldugu
gorilmustiir.

Kadioglu ve ark. (1997) Akdeniz Bolgesindeki Adana, Antalya, Gaziantep, Kahramanmaras ve icel illerindeki
yemeklik tane baklagillerden nohut ve fasulye tarlalarinda ki yabanci otlarin yogunluk ve yayginliklarini
belirlemislerdir. Bu ¢alismada, nohut tarlalarinda Adana’da C. arvensis, Chondrilla juncea L., Centaurea cyanus
L.; Antalya’da Salvia syriaca L., Avena sterilis L., Tragopogon spp.; Gaziantep’te A. sterilis, Chrozophora
tinctoria (L.) Rafin., Euphorbia spp.; icel’de C. album, C. juncea, Galium aparine L.; Kahramanmaras’ta S.
arvensis, Scandix pecten-veneris L., Chenopodium spp. yogunluk ve yayginlik bakimindan en fazla yabanci ot
tiirleri olarak belirlenmistir. Fasulye tarlalarinda ise Adana’da Amaranthus chlorostachys Willd., Beckmannia
eruciformis (L.) Host.; Kahramanmarag’ta C. album, A. chlorostachys, Hibiscus trionum L.; Antalya’da C. album,
H. trionum, P. oleracea en yogun yabanci ot tiirleri olarak tespit edilmistir. Yapilan ¢aligma incelendiginde
yogunluk ve yayginlik olarak tespit edilen yabanci otlar, Bayburt ilindeki ¢calismada baz1 bitki tiirleri ile paralellik
gosterdigi belirlenmistir.

Zengin (1998) tarafindan Erzincan sartlarinda 1997 yilinda 20 fasulye tarlasinda yapilan Ornekleme
¢alismasinda, fasulye ekim alanlarinda goriilen yabanci otlar ve dagilimi tespit edilmistir. Yapilan ¢alismada 13
familyaya ait 27 yabanci ot tiirii belirlenmis olup bunlardan; Cynodon dactylon Pers., S. nigrum, H. trionum, A.
retroflexus ve E. crusgalli’nin en 6nemli tiirler oldugunu bildirmistir. Bayburt ili ve yakin ¢evre illerdeki fasulye
ekim alanlarinda baslica sorun olusturan yabanci ot tiirleri arasinda A. retroflexus’un birgok ¢aligmada yaygin
oldugu goriilmiistiir.

Zengin (1999) Erzurum sartlarinda fasulye ekim alanlarinda 1990 ve 1995 yillarinda yiiriitiilen ¢alismada, C.
arvensis arastirma alanlarinin hepsinde yogun ve yaygm, A. retroflexus ise sadece yogun olarak tespit edilmistir.
Askale’de toplulugun esas iiyesini C. arvensis ve S. arvensis, Pasinler ve Tortum’da C. album olusturdugunu
bildirmektedir. Fasulye ekim alanlarinda yogunluk ve yayginlik a¢isindan ismi gegen yabanci ot tiirlerinin Bayburt
ilinde de bulundugu gériilmektedir.
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Tablo 2. Bayburt ili Fasulye Ekim Alanlarinda Goviilen Yabanci Otlar, Yogunluklari ve Rastlama Sikliklart

Table 2. Determination of the Weed Species, Density and Frequency in Bean Fields in Bayburt Province

Yogunluk Rastlama
Yabanci Ot Tii_rleri ve Fan_li_lyalarl Density (bitki m?2) Sikhig1
Weed Species and Families P Frequency
(plant m=2)
(%)

AMARANTHACEAE
Amaranthus retroflexus L. (Kirmizi kokli tilki kuyrugu) 4.50 66.65
ASTERACEAE
Artemisia absinthium L. (Aci pelin) 0.23 12.33
Chondrilla juncea L. (Akhindiba) 0.07 3.89
Cirsium arvense (L.) Scop. (Koygogiiren) 0.82 31.79
Xanthium strumarium L. (Domuz pitragi) 0.58 26.64
BRASSICACEAE
Boreava orientalis Jaub. and Spach (Sariot) 0.04 3.43
Capsella bursa-pastoris (L.) Medik. (Coban gantasi) 0.08 5.00
Isatis glauca Aucher ex Boiss.(Gri givit otu) 0.02 1.54
Sinapis arvensis L. (Yabani hardal) 0.39 19.72
CHENOPODIACEAE
Chenopodium album L. (Sirken) 0.87 31.86
CONVOLVULACEAE
Convolvulus arvensis L. (Tarla sarmasig1) 3.16 62.92
EUPHORBIACEAE
Euphorbia virgata Waldst. et Kit. (Cubuksu siitlegen) 0.17 10.74
FABACEAE
Vicia cracca L. (Kus figi) 0.06 5.56
FUMARIACEAE
Fumaria officinalis L. (Hakiki sahtere) 0.12 8.17
GERANIACEAE
Geranium rotundifolium L. (Degirmi Yaprakli Jeranyum) 0.42 24.72
MALVACEAE
Hibiscus trionum L. (Yabani bamya) 0.20 11.50
POACEAE
Avena fatua L.(Yabani yulaf) 0.09 7.14
Cynodon dactylon (L.) Pers. (Kopek disi ayrigi) 0.61 23.87
Echinochloa crus-galli (L.) P. Beauv. (Darican) 0.40 22.22
Elymus repens (L.) Gould. (Ayrik) 5.29 68.46
Setaria viridis (L.) P. Beauv. (Yesil kirpi dar1) 0.07 5.67
RANUNCULACEAE
Ranunculus arvensis L. (Tarla diigiin ¢igegi) 0.07 4.76
RESEDACEAE
Reseda lutea L. (Muhabbet ¢icegi) 0.08 4.82
RUBIACEAE
Galium tricornutum Dandy (Boynuzlu yogurt otu) 0.43 21.33
SCROPHULARIACEAE
Linaria kurdica Boiss. et Hohen. (Nevruz otu) 0.08 4.82
SOLANACEAE
Solanum nigrum L. (K6pek iiziimii) 0.13 8.19
Genel Ortalama 18.98
Total

Saltabas ve Zengin (2001) tarafindan Erzincan (Merkez, Uziimlii ve Cayirl) ilinde fasulye ekili alanlarinda
yogun ve yaygin olarak bulunan yabanci ot tiirleri iizerine yapilan ¢aligmada; H. trionum (yabani bamya), C.
dactylon (kopek disi ayrigi), A. retroflexus (kirmizi kokli tilki kuyrugu), E. crus-galli (darican), S. nigrum (k6pek
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tiziimii), C. arvensis (tarla sarmagig1), C. album (sirken), X. strumarium (domuz pitragi), C. juncea (akhindiba) ve
A. graveolens (dereotu)'nun yabanci ot tiirlerinin oldugunu bildirmislerdir. Her iki ¢aligmanimn en 6nemli ortak
tarafi yogunluk olarak A. retroflexus C. arvensis ve C. album’un her iki ilde de ayn1 bitkilerin olmasidir.

Tepe ve ark. (2002) Van’daki mercimek ekili alanlarda bulunan yabanci otlardan Hordeum vulgare L.,
Heliotropium europaeum L., C. dactylon, C. arvensis, Centaurea depressa Bieb., Adonis aestivalis L., Acroptilon
repens (L.) DC. ve Euphorbia heteradena Jaub. et Spach'nin en yogun tiirler oldugunu tespit etmislerdir. Her iki
¢alismada belirlenen C. arvensis ve C. dactylon bitkilerinin ortak olmasidir.

Eroglu (2006) Karaman ilinde nohut tarlalarinda bulunan 17 yabanci otun igerisinde bulunan sirken (C. album),
tarla sarmasig1 (C. arvensis), horoz ibigi (A. retroflexus), kivircik labada (Rumex crispus L.) ve yabani hardal (S.
arvensis)’in en fazla yogun tiirler oldugunu bildirmistir. Calismada kivircik labada ve yabani hardal hari¢ Bayburt
ilinde en ¢ok yogun tiirler ile benzerlik gosterdigi goriilmiistiir.

Zengin ve Coruh (2007) Erzurum ili fasulye ekim alanlarinda yabanci ot kontrolii i¢in kritik periyodun
belirlenmesi amaciyla yaptiklari ¢aligmada A. retroflexus, C. album, C. arvense, C. arvensis ve Sideritis montana
L.’nin en yogun yabanci ot tiirler olduklarin1 bildirmiglerdir. S. montana harig, diger tiirlerin Bayburt’ta da yiiksek
oldugu bulunmustur.

Zengin ve Coruh (2010) Erzincan Ili fasulye ekili alanlarda yabanci ot floras1 ve yogunluklar1 {izerine iki farkli
su kaynagi ile sulamanin etkisini belirlemek amaciyla yaptiklari ¢alismada; fasulye tarlalarinda yabani bamya (H.
trionum), akkazayag (C. album), horoz ibigi (A. retroflexus), semizotu (P. olarecea), kopek disi ayrig1 (C.
dactylon), kopek tiziimii (S. nigrum), yesil kirpi dari (S. viridis), tarla sarmasig1 (C. arvensis) ve darican (E. crus-
galli)’nin en yogun tiirler oldugunu bildirmiglerdir. Bayburt ilinde fasulye tarlalarinda P. olarecea yabanci ot tiirii
hari¢ diger 8 tiir hem yogunluk hem de rastlama siklig1 agisindan benzerlik gosterdikleri ortaya konulmustur.

Goktepe (2016) Usak iline bagli Merkez, Banaz, Esme, Karahalli, Sivasli ve Ulubey il¢elerinde, nohut ekili
alanlarinda bulunan yabanc1 otlar, yogunluklari ve rastlanma sikliklarini belirlemek amaciyla yapilan galigsmada;
ortalama olarak en yogun ve yaygn tiirlerin C. album C. arvensis, A. sterilis ve S. arvensis oldugu bildirilmistir.
Bayburt ilinde ise A. sterilis ve S. arvensis harig diger tiirler benzerlik gostermektedir.

Baklagil familyasi digindaki kiiltiir bitkilerinden érnegin Hatay ili havug ekim alanlarinda (Uremis ve ark.,
2020) ve Tekirdag ili bag alanlarinda (Kara ve Ata, 2021) yabanci ot yogunluklari ve rastlama sikliklar ile ilgili
yapilan ¢alismalarda A. retroflexus, C. album ve C. arvensis’in en yogun ve yaygin tiirler arasinda olduklarini
bildirmislerdir. Her iki ¢aligmada goriilen yabanci otlar, Bayburt ilindeki fasulye ekim alanlarinda da en yogun ve
yaygin tiirler arasinda olduklar1 tespit edilmislerdir.

4. Sonug

Bayburt ili fasulye ekim alanlarinda tespit edilen yabanci ot tiirleri, Tiirkiye’deki diger illerle kiyaslandiginda bityiik
oranlarda benzer gosterdigi ve tespit edilen tiirlerin yogunluk ve rastlama sikliklari agisindan yildan yila ve bolgeden
bolgeye gore farkliliklar goriillmektedir. Bu tiirler arasinda hem yogunluk hem de rastlama siklig1 bakimindan en yogun
tirler E. repens, A. retroflexus, C. arvensis, C. album ve C. arvense’dir. Bunun i¢in de yoreye adapte olmus fasulye
¢esitlerine onem verilmesi gerekmektedir. Ayrica Bayburt ilinde genellikle ¢iftlik giibresi kullanildigindan giibrenin
en az alt1 ay yanmis olmasina 6zen gosterilmelidir. Bununla birlikte iyi bir tohum yatagmm hazirlanmasi yaninda
fasulye bir capa bitkisi oldugundan, ¢apalama ile yabanci otlar genis 6lciide ortadan kaldirilmaktadir. Bu belirtilen
kiiltiirel 6nlemlerle birlikte mekanik miicadelenin yapilmasi kimyasal miicadeledeki herbisit kullanimini biiyiik dlgiide
azaltacaktir. Boylelikle kimyasal miicadelede ciftgilerimizin gereksiz yere herbisit kullanimmimn oniine gegilerek
dogada meydana gelen kimyasal atiklardan topragin verimsizlesmesine ve insan saglig1 agisindan tehlikeli kimyasal
birikmelerin 6niine gegilmesi saglanacaktir.
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Effects of Plant Growth Regulators on the Usage of In Vitro Stem Disc Culture for Mass
Seedling Production in Kahramanmaras Garlic (Allium sativum L.)*

Kahramanmaras Sarimsaginda (Allium sativum L.) Kitlesel Fide Elde Etmek Amaciyla In
Vitro Gévde Diski Uretim Tekniginin Kullaniminda Bitki Biiyiime Diizenleyicilerinin Etkileri

Ayse GULCEBI?Y, irfan Ersin AKINCI**
Abstract

Anatolia is one of the important production areas of garlic. Garlic production is conducted by using the head or
the cloves inside the heads, which are actually the consumed part of the garlic, as propagation material. However,
due to the use of cloves, which are the most valuable part of the market, as reproduction material, the profit is
reduced by about 10%. The study aims to provide an alternative propagation material to reduce the losses resulting
from this practice in local Kahramanmaras garlic production. For this purpose, generating plantlets directly from
stem discs of the garlic cloves in vitro and the effects of different growth regulators have been studied. For this,
the plant growth regulators added to MS media as BAP (1.0, 1.5 and 2.0 mg I%), GA3 (0.5, 1.0 and 1.5 mg IY), 2-
IP (0.75, 1.00 and 1.25 mg I%); kinetin (1.0, 2.0 and 3.0 mg I'Y) and TDZ (0.75, 1.00 and 1.25 mg I'!) were tested.
In the study number of explants, number of infected explants, number of healthy explants, number of developed
explants, healthy explant rate, developed explant rate, number of callused explants, callus growth rate, number of
proliferated explants, proliferation rate, proliferation number, number of rooted explants, rooting rate and number
of roots were investigated. However, shoot ratios, shoot numbers, and callus formation were the main focus. The
highest rates of proliferation were found in 2-IP (53.8%, 45.5%, and 40.0% at 1.00, 0.75, and 1.25 mg | dosages,
respectively) and Kinetin (35.3% at 2.00 mg I'). The maximum shoot number was reached with 2-IP at the dose
of 1.00 mg It as 1.9 shoot/explants. Kinetin at 3.00 mg I and 2IP at 1.25 mg I were the other successful
applications with 1.8 shoots. This study indicated promising results to obtain plantlets directly from the clove’s
stem discs and including them into seedling production for the mass production of garlic.
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Oz

Anadolu sarimsagin 6nemli iiretim alanlarindan birisidir. Sarimsak {iretimi, sarimsagin tiiketilen kismi1 olan bas
veya baglarin igindeki diglerin iiretim materyali olarak kullanilmasiyla gergeklestirilmektedir. Ancak, pazar
bakimindan en degerli kismi olan dislerin {ireme materyali olarak kullanilmasi nedeniyle kazang yaklagik %10
oraninda azalmaktadir. Arastirmanin amaci Kahramanmarag yoresel sarimsak iiretiminde, dislerle yapilan iiretim
sonucu ortaya ¢ikan kayiplart azaltmak i¢in alternatif ¢ogaltma materyali saglanmasidir. Bu amagla sarimsak
dislerinin govde disklerinden in vitro’da dogrudan bitkicik elde edilmesine ve farkli bitki bilylime diizenleyicilerin
etkilerine ¢alisilmistir. Bunun i¢in MS besi ortamina eklenen bitki biiylime diizenleyicilerden BAP (1.0, 1.5 ve 2.0
mg 1), GA3 (0.5, 1.0 ve 1.5 mg I%), 2-1P (0.75, 1.00 ve 1.25 mg I'Y), Kinetin (1.0, 2.0 ve 3.0 mg IY) ve TDZ (0.75,
1.00 ve 1.25 mg I'Y) test edilmistir. Calismada eksplant sayis1, enfekte eksplant sayisi, saglikli eksplant sayist,
gelismig eksplant sayisi, saglikli eksplant orani, gelismis eksplant orani, nasirli eksplant sayisi, kallus biiyiime hizi,
¢ogalan eksplant sayisi, ¢ogalma hizi, ¢ogalma sayisi, koklenen eksplant sayisi, koklenme orani ve kok sayisi
incelenmistir. Ancak daha gok siirgiin oranlari, siirgiin sayilari ve kallus olusumu tizerinde durulmustur. En yiiksek
kardeslenme oranlar1 2-1P (1.00, 0.75 ve 1.25 mg I""’de sirasiyla % 53.8, % 45.5 ve % 40.0) ve Kinetin (2.00 mg
I’de % 35.3)’de saglanmustir. En fazla kardes sayisina 1.9 adet kardes/eksplant ile 1.00 mg 17 2-1P dozunda
ulasilmistir. Kinetin’nin 3.00 mg 1" ve 2-1P’nin 1.25 mg 1 dozlar1 1.8 siirgiin ile basarili sonuglar alinan diger
uygulamalar olmustur. Bu ¢alisma, sarimsagin yogun iiretiminde, dislerin gévde disklerinden dogrudan bitkicik
elde edilmesinde ve bunlarin {iretime fide olarak dahil edilmesinde umut verici sonuglara isaret etmektedir.

Anahtar kelimeler: Govde disk kiiltiirii,, BAP, GAs, 2-1P, Kinetin, TDZ, Sarimsak
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1. Introduction

In recent years, climatic conditions, improper agricultural practices, and problems regarding production policy
have caused various challenges in garlic production and the demand for garlic cannot be met (Turfan, 2022). The
reproduction material problem is one of them.

The production of garlic includes one-stage cultivation where plants are obtained by planting the cloves directly
into the field. Cloves separated from the heads are planted as seeds in autumn and spend the winter as small plants.
These plants develop and form heads at the beginning of summer. The production cycle is completed when the
head matures and the harvesting begins. When varieties with the weight of 1-1.5 g of cloves are preferred, 30-50
kg seed-cloves are needed per decare. If varieties with large cloves are desired to be used, 80-100 kg cloves per
decare are required (Salk et al., 2008). On the other hand, in the case of using medium-sized cloves in planting,
50-60 kg of cloves are used per decare in single-row planting, or 75-90 kg of cloves per decare in multi-row
plantings (Giinay, 2005). Garlic production is conducted by using the head or the cloves inside the heads, which
is actually the consumed part of the garlic, as propagation material. Important economic losses are occurred for
garlic producers due to the fact that growth from cloves is the preferred propagation method. These losses
correspond approximately 10% of the garlics (80-100 kg cloves per decare) on the market.

Since garlic production cannot be conducted using true seeds, it relies completely upon asexual propagation.
Using seedlings may be considered to solve the problem of propagation material in garlic production and also
reduces the huge financial loss resulting from using cloves that are considered as consumption material. But the
production of garlic using seedlings has not still reached a sufficient level. Accordingly, alternative methods should
be employed to reduce these losses. In vitro techniques under laboratory conditions offer a conductive alternative
to increase the production of garlic seedlings in a short time, and at a level to meet the demand without causing as
much loss as in the case of using cloves as production material.

Globally, garlic plantlets are produced via in vitro tissue culture methods. However, the practical use of these
plantlets, namely seedling production is still very limited (Haque et al., 1997; Xue et al., 1991; Garcia and Vargas,
2000). In the study by Haider et al. (2015), the highest percentage of plantlet regeneration was observed in the
genotype G124 for the basal disc explants (63.33%) in MS medium supplemented with 2 mg I"* NAA + 1 mg I
BAP. The survival rate of the plantlets after acclimatization varied from 40% in G123 to 70% in G121. Among
the different phytohormone concentrations and combinations, MS basal medium without any growth regulators
(MO) was found optimal for shoot-tip initiation (96% explants development) and plantlets elongation (56.26 mm)
in garlic. For shoot proliferation, the M1 culture medium containing 1 mg I BAP and 0.25 mg I'* NAA provided
the best results, giving a multiplication rate of 1.7 plantlets/explant. Shoots on MO culture medium formed bulblets
earlier. Multiple bulblets per explants were obtained from medium M22 containing 2 mg I Kinetin and 0.1 mg I-
1 NAA. Separated bulblets were transferred individually on bulbification media. Non-dividable bulblet was
developed in various sizes.

Bulblet acclimatization step needs to be well studied for high quality cloves production. This efficient,
optimized in vitro protocol were found to be successfull for large multiplication of virus-free garlic cultivars (Ayed
etal., 2018).

This study has been attempted to determine the possibilities for the reproduction of garlic, which is a very
important vegetable for production and consumption, by using tissue culture techniques intensively and in a short
time. For this purpose, the proliferation and rooting status of garlic stem disc explants were investigated in in-vitro
culture media, which were created by adding different growth regulators and different concentrations. It was aimed
to develop rapid and mass seedling production possibilities for the garlic cultivation in Kahramanmaras and its
surroundings. Thus, preventing the increased economic and production losses. The study includes findings that
may be beneficial in providing practical ways of obtaining seedlings for garlic producers in Tiirkiye and globally.

2. Materials and Methods

Local garlic (Allium sativum L.) plants grown extensively in Kahramanmarag (Center and Pazarcik) were used
as plant material; the cloves of the plants were the explant sources for this study.
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The research was initiated with the disinfection of garlic cloves to be used as explants in order to prevent
disease-induced contamination: the shells of the garlic cloves were peeled, washed three times with tap water, kept
in 70% ethanol for 5 minutes, and in 5% sodium hypochlorite for 5 minutes, respectively. After the sterilization,
the explants were washed 5-6 times with sterile distilled water; the water was removed by keeping them between
drying papers for 3-5 minutes (modified from Gad El-Hak et al., 2011).

MS medium was used in the experiment (Murashige and Skoog, 1962). Study topics were plant growth
regulators and different concentrations of these PGR’s which were suggested by previous researchers (Haque et
al., 1997; Myers and Simon, 1998; Myers and Simon, 1999; Fereol et al., 2002; Haque et al., 2003; Kyte et al.,
2013) (Table 1).

MS nutrient medium was supplemented with plant growth regulators and adjusted to pH 5.7, and sterilized.
Then tubes with a diameter of 2.5 cm and a length of 15 cm were filled with 10 ml of these nutrient media and
placed in a sterile cabinet.

Table 1. Plant growth regulators used in the research

Concentration (mg I%)

Plant Growth Regulator Low Middle High

BAP 1.0 15 2.0
GAs 0.5 1.0 15
2-1P 0.75 1.00 1.25
Kinetin 1.0 2.0 3.0
TDZ 0.75 1.0 1.25

Basal discs of garlic cloves were used to achieve the proliferation in the experiment. The discs were removed
in a sterile cabinet via sterilized forceps and scalpel, and were planted in tubes containing MS nutrient media with
different growth regulators and concentrations added as experiment subjects (Figure 1).

Shoot Tip

Stem Disc

Figure 1. Plant parts were used as explants and cultured in tubes (modified from Ayabe and Sumi, 1998)

The explants were cultured in a climatic chamber at 22+2°C and 3000 lux light for 16 hours of light and 8
hours of darkness (Martin-Urdiroz et al., 2004). The experiments were continued for 45-60 days after planting the
explants in the nutrient medium. When the experiment was concluded, observations and measurements were made
on the basis of each application, and the data were evaluated according to the following criteria.

- Number of explants: total, infected, healthy, developed

- Healthy and developed explant rates

- Number of callused explants, callus growth rate

- Number of proliferated explants, proliferation rate, number of proliferation
- Number of rooted explants, rooting rate, number of roots

Each tube contained an explant and 48 tubes for BAP, and 36 tubes for GAs, 2-1P, Kinetin, and TDZ were evaluated
for each application. Statistical analyses were not applied in the experiments due to infection-related deaths and
disruptions in plant growth.

553



Giilgebi & Akinci
Effects of Plant Growth Regulators on the Usage of In Vitro Stem Disc Culture for Mass Seedling Production in Kahramanmaras Garlic (Allium sativum L.)

3. Results and Discussion

This study aimed to reach a large number of materials with high regeneration potential, in other words, with
rapid multiplication from explants. Accordingly, many criteria have been evaluated in the study. But proliferation
rate, number of proliferations per explant, and callus formation potential were emphasized to interpretation of the
results in terms of rapid and mass seedling production possibilities for the garlic cultivation.

3.1. BAP

Table 2 shows growth performances of 48 explants taken from basal discs of garlic cloves in MS nutrient media
supplemented with three doses of BAP.

Table 2. The effect of BAP on explant development, callus development, proliferation, and rooting in garlic
cultured in vitro

Infected Healthy Developed Healthy Developed
Doses Explants
(mg 1Y)  (number) explants explants explants explant rate explant rate
(number) (number) (number) (%) (%)
1.0 48 12.0 36.0 28.0 75.0 58.3
15 48 10.0 38.0 31.0 79.2 64.6
2.0 48 16.0 32.0 29.0 66.7 60.4
Doses  Callused explants  Callus growth Proliferated Proliferation Proliferation
(mg 1Y) (number) rate (%) explants (number) rate (%) (number)
1.0 7.0 25.0 5.0 17.9 1.6
15 9.0 29.0 6.0 19.4 1.8
2.0 8.0 27.6 7.0 24.1 1.6
Doses . o
(mg 1Y) Rooted explants (number) Rooting rate (%) Roots (number)
1.0 10.0 35.7 2.1
1.5 11.0 355 2.0
2.0 16.0 55.2 24

Although identification techniques were not performed, there were infections we suspect caused by different
harmful microorganisms in this study as in many cases in tissue cultures.

Concerning the number of healthy explants that were obtained by subtracting the number of infected explants
from the total number of explants, 1.5 mg I dose with 38.0 explants provided more explants than the other two
doses. And it was possible to continue on the path with sufficient healthy explants at doses 1.0 mg 1"t (with 36.0
explants) and 2.0 mg I* (with 32.0 explants) of BAP. This is also supported by the healthy explant ratio data,
which is calculated as the percentage rate of the number of healthy explants to the total explants. The highest
developed explants were determined with 31 at 1.5 mg I'*; followed by the doses 2.0 mg I"* with 29.0 explants and
1.0 mg I'* with 28.0 explants. This result was also emphasized by the ratio, which describes how much the growing
explants are compared to the total explants in the study.

Although BAP did not offer a significant difference in the callus formation capabilities of explants, the highest
values were reached with 9 callused explants and 29.0% callus growth rate (CGR) at the 1.5 mg I dose. This
application was followed by 2.0 mg I (with 8 explants and 27.6% CGR) and 1.0 mg I"* (with 7 explants and 25.0%
CGR) doses. Among the BAP doses, the highest number of proliferated explants and the proliferation rates were
in 2.0 mg It with 7.0 and 24.1%, respectively. The dose was followed by 1.5 mg I'* BAP dose (with 6.0 and a rate
of 19.4%); the dose of 1.0 mg I took the last place (with 5.0 and 17.9%). In terms of the proliferation number per
explant, the most successful application was 1.5 mg I with 1.8 while the amounts in 1.0 mg I* and 2.0 mg I"* doses
were 1.6.

It is understood that the enhancement in BAP caused an increase in number of rooted explants and in the rooting
rate values. Hence, the highest number of rooted explants and the rooting rate were achieved on 2.0 mg I with
16.0 and 55.2%, respectively. Number of roots and rooting rate values were recorded, respectively, as 11.0 roots
and 35.5% in 1.5 mg It and 10.0 roots and 35.7% in 1.0 mg I"X. As with the number of rooted explants and the
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rooting rate, the highest number of roots per explant was found at 2.0 mg I (2.4 roots), followed by 1.0 mg I (2.1
roots) and 1.5 mg I'* (2.0 roots).

When the effects of BAP are evaluated on the proliferation rate and the proliferation number per explant, data
showed that the doses of 1.5 and 2.0 mg I'* provided better results. However, they gave a similar number of
proliferation, 2.0 mg I* dose was slightly better in terms of proliferation rate. Haque et al. (2003) cultivated
Bangladesh local garlic in MS nutrient medium containing combinations of different growth regulators and
successfully obtained shoots in medium containing 2.0 mg I* BAP and 0.2 mg I* NAA. On the other hand, in a
study by Ayabe and Sumi (1998) in which they cultured the stem discs of garlic cloves in vitro to obtain virus-free
plants, they successfully used LS (Linsmaier and Skoog) medium supplemented with 0.1 mg I NAA and 0.1 mg
I BA for reproduction. The differences in results between this study and study by Ayabe and Sumi (1998) at this
point may be attributed to nutrient medium used and/or combined effect of NAA and nutrient medium.

Although the callus formation rate did not differ significantly between BAP doses, it can be stated that the best
callus formation was achieved with a dose of 1.5 mg IX. A dose of 2.0 mg I'* of BAP was also notable. Consistent
with our results Myers and Simon (1998; 1999) found that the application of 2.66 mg It BA provided the highest
shoot formation rate.

When all the data obtained from BAP evaluated together, it can be stated that even though the use of BAP
alone provided higher values in studied parameters, better results might be achieved from the combined use of
some other cytokinins and auxins, as noted by Myers and Simon (1999) and Ayabe and Sumi (1998). It would be
more appropriate to use auxins during the explant rooting phase of the study.

3.2. Gibberellic acid

Table 3 shows the effects of gibberellic acid on explant development, callus development, proliferation, and
rooting in garlic.

Table 3. The effect of gibberellic acid on explant development,

callus development, proliferation, and rooting in garlic cultured in vitro

Doses  Explants Infected Healthy Developed Healthy explant  Developed
(mg 1)  (number) explants explants explants (number) rate explant
(number) (number) (%) Rate (%)
0.5 36 9.0 27.0 21.0 75.0 58.3
1.0 36 7.0 29.0 22.0 80.6 61.1
15 36 10.0 26.0 18.0 72.2 50.0
Doses Callused explants Callus growth rate Proliferated Proliferation Proliferation
(mg I (number) (%) explants (number)  rate (%) (number)
0.5 3.0 14.3 4.0 19.0 15
1.0 4.0 18.2 5.0 22.7 1.6
15 6.0 333 3.0 16.7 1.7
Doses .
(mg 1) Rooted explants (number) Rooting rate (%) Roots (number)
0.5 8.0 38.1 1.4
1.0 9.0 40.9 1.9
15 7.0 38.9 1.7

Table 3 shows that the experiment started with 36 explants but concluded with 27.0 explants at 0.5 mg I; with
29.0 explants at 1.0 mg I'%; and with 26.0 explants at 1.5 mg I"* doses of GA;

GA; showed the most significant effect on callus formation in garlic at a dose of 1.5 mg I%. In this application,
the numbers of callus forming explants were 6.0 and the callus growth rate was 33.3%. These properties were
recorded as 4.0 and 3.0 callused explants, and 18.2% and 14.3% callus growth ratios at 1.0 and 0.5 mg I doses,
respectively. In terms of the number of explants and proliferation rate, the most successful GA3 application was
1.0 mg It as 5.0 explants were proliferated and the rate reached to 22.7%. At 0.5 and 1.5 mg I** doses of GA3, 4.0
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and 3.0 proliferated explants, and 19.0% and 16.7% of proliferation rates realized, respectively. The data obtained
in the number of proliferations per explant varied depending on the doses. While the most successful application
was 1.5 mg It GA; dose (with 1.7 proliferation), 1.0 mg I (with 1.6 proliferation) and 0.5 mg I (with 1.5
proliferation) GAz doses formed the following ranks.

The effect of GAs on the number of rooted explants was less pronounced. The highest number of rooted
explants was observed at 1.0 mg I dose with 9.0 explants; this was followed by 0.5 mg I with 8.0 explants and
1.0 mg It with 7.0 explants. Rooting rate and number of roots in three GA3z doses were listed as 1.0 mg I (40.9%
and 1.9 roots), 1.5 mg I (38.9% and 1.7 roots), and 0.5 mg I (38.1% and 1.4 roots).

Evaluating the effectiveness of GA;z on callus formation revealed that 1.5 mg It GA; application resulted in
superior data in comparison to the other dosages. It was demonsrated that GA3 showed the highest proliferation
rate and proliferated explant by the dosages of 1.0 mg I and 0.5 mg I%, whereas 1.5 mg I* dosage was found to
be more effective at increasing proliferation per explant.

Similar results were obtained in the single-use of GAs in the MS environment by previous reports. Nasim et al.
(2010) observed that, among the many hormone concentrations being studied, the highest rate of somatic embryo
formation occurred in MS medium with 0.5 mg I"* GA3 supplement. Bekheet (2006), who use different doses of
GA; + BA and BA + NAA combinations to shoot stimulation in garlic under in vitro conditions, emphasized that
the GAs together with other growth regulators added to the MS environments were more effective in the promotion
of the mentioned characteristics.

Although GA; had positive effects on proliferation and callus formation, it may be speculated that more
favorable results can be obtained from the combining use of GA3; and other growth regulators under in vitro
conditions for the mass production of garlic.

3.3.2-IP
The findings related to explant-callus development, and proliferation and rooting are presented in the Table 4.

Table 4. The effect of 2-1P on explant development, callus development, proliferation, and rooting in garlic
cultured in vitro

D Infected Healthy Developed Healthy Developed
oses Explants
(mg 1) (number) explants explants explants explant rate  explant rate
(number) (number) (number) (%) (%)
0.75 36 20.0 16.0 11.0 44.4 30.6
1.00 36 17.0 19.0 13.0 52.8 36.1
1.25 36 24.0 12.0 10.0 33.3 27.8
Doses Callused explants Callus growth rate Fielhe e Al Proliferation
(mglY)  (number) (%) explants rate (number)
(number) (%)
0.75 3.0 27.3 5.0 455 1.6
1.00 2.0 15.4 7.0 53.8 1.9
1.25 2.0 20.0 4.0 40.0 1.8
Doses - -
(mg 1) Rooted explants (number) Rooting rate (%) Roots (number)
0.75 4.0 36.4 1.3
1.00 5.0 385 1.8
1.25 7.0 70.0 1.6

Table 4 indicates that our results did not presented any significant improvement regarding the effect of 2-1P on
developed explant numbers. However, in reference to the dosage, the highest number of explants, 19.0, was found
in 1.00 mg I'* 2-IP treatment.

According to the number of callus forming explants and the callus formation data, 0.75 mg I-* dosage resulted
in higher amounts for those properties with 3.0 callused explants and 27.3% callus formation rate. The group
ranking second consited of, in descending order, dosages of 1.25 mg I* and 1.00 mg I-%, with the number of callus
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forming explants of 2.0 and 2.0, respectively, and with callus formation rate of 20.0% and 15.4%, respectively.
For the proliferated explants, the highest number, 7.0, was found in 1.00 mg I* 2-IP application, followed by 5.0
proliferated explants with 0.75 mg I"* and 4.0 proliferated explants with 1.25 mg I"? dosages, respectively.
Proliferation performances of explants was found to be similar to proliferation rates. It was determined that 1.00
mg I dosage produced best results with 53.8% proliferation rates, followed by dosages of 0.75 mg It and 1.25
mg I with the proliferation rates of 45.5% and 40.0%, respectively. The highest number of proliferation was 1.9
at 1.00 mg I dose, while 1.25 mg I* with 1.8 and 0.75 mg I* with 1.6 were placed in the following rows.

With regards to the 2-IP application to the explants in the experiment, it was observed that the maximum root
formation, that is, 7.0 rooted explants and highest rooting rate, that is, 70.0%, were obtained from the 1.25 mg I
dosage. As second and third ranking dosages, 1.00 mg It and 0.75 mg I produced 5.0 explants and 38.5% rooting,
and 4.0 explants and 36.4% rooting, respectively. Regarding the number of roots per explant, the application with
the best results was 1.00 mg/l with 1.8 roots, whereas the dosage of 1.25 mg I* with 1.6 roots and the dosage of
0.75 mg It with 1.3 roots formed the following rows.

An overall evaluation of the impact of 2-1P in callus growth rate revealed that the highest callus formation rate
was achieved at the dosage of 0.75 mg I* by 27.3%. In terms of proliferation rates and the number of proliferations
per explant, it was observed that the best results were obtained from 1.0 mg I dosage.

Garcia and Vargas (2000), who tested different combinations of 2-IP, BA, and Kinetin as well as NAA and
IAA in MS medium in their study to obtain cloves from shoot tip culture of garlic (A. sativum) obtained the best
results for proliferation from the combination of 0.5 mg I* 2-1P and 0.2 mg I NAA. They determined that the
highest proliferation rates were achieved by the combination of 2-1P + NAA. However, reports form Mohamed-
Yasseen et al. (1994) were in line with our work, pointing out that 2-IP was able to produce more shoots when
used alone.

Despite the promising results of this study on practical usability of garlic clove discs for rapid and mass
production of planting material in garlic cultivation, when the results presented here is discussed with the earlier
studies, it may have postulated that the promoting effects of PGRs are better expressed when different
combinations of PGRs are tested at appropriate doses than the use of 2-1P alone to achieve this goal.

3.4. Kinetin

The effects of Kinetin dosages on explant development, callus development, proliferation, and rooting were
summarized in Table 5.

Table 5. The effect of kinetin on explant development, callus development, proliferation, and rooting in garlic
cultured in vitro

Infected Healthy Developed Healthy Developed
Doses Explants | | | | |
(mg 1Y) (number) explants explants explants explant rate explant rate
(number) (number) (number) (%) (%)
1.0 36 8.0 28.0 20.0 77.8 55.6
2.0 36 6.0 30.0 17.0 83.3 47.2
3.0 36 11.0 25.0 15.0 69.4 41.7
Doses Callused explants Callus growth rate Proliferated Prollrfgtr:tlon Proliferation
(mg I (number) (%) explants (number) (%) (number)
1.0 5.0 25.0 5.0 25.0 1.4
2.0 3.0 17.6 6.0 35.3 1.7
3.0 2.0 13.3 4.0 26.7 1.8
Doses . o
(mg 1) Rooted explants (number) Rooting rate (%) Roots (number)
1.0 8.0 40.0 2.1
2.0 9.0 52.9 2.4
3.0 7.0 46.7 2.6
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Table 5 indicates the best growth, regarding the distribution of percent healthy explants to the developed
explants, was at the dose of 1.0 mg I Kinetin with 20.0 developed explants.

The most promising Kinetin dose for the number of explants forming callus and the rate of callus formation
was 1.0 mg It (5.0 explants and 25.0%, respectively). This was followed by 2.0 mg I (3.0 explants and 17.6%,
respectively) and 3.0 mg I (2.0 explants and 13.3%, respectively) dosages.

The highest proliferation performance was found at the dosage of 2.0 mg I'* with 6.0 explants and 35.3%
proliferation rate. This was followed by 1.0 mg I dosage with 5.0 number of explants and 25% proliferation rate,
and 3.0 mg I dosage produced the lowest number of explant (4.0) and proliferation rate (26.7%). Alternatively,
however, 3.0 mg It dosage resulted in higher proliferation figures (1.8) over those of the 2.0 mg I"*(1.7) and 1.0
mg I (1.4) Kinetin dosages.

The highest rooting values in garlic explants were obtained from the 2.0 mg I of Kinetin with the 9.0 rooted
explants and 52.9% rooting rate. Interestingly, though 1.0 mg I of Kinetin application resulted in superior data
on number of rooted explant in comparison to the 3.0 mg I of Kinetin, it resulted in the lowest rooting rate (40.0%)
and root number (2.1), indicating the beneficial effect of increasing Kinetin dosages up to 2.0 mg I in rooting
paramaters.

Data revealed that the best results in callus formation rate (25%) and callused explant number (5.0) were from
the 1.0 mg I"* dosage. The highest proliferation rate (25%) and the number of proliferation per explant (6.0) was
recorded in the dose of 2.0 mg I, whereas the number of proliferation per explant were highest with 3.0 mg I%. It
may be speculated that the proliferation rates and proliferation numbers varied according to level of growth after
proliferation formation was achieved. The findings obtained a study with grape and discussions of these findings
with the results of the previous literature has supported that callus regeneration ratio and quality depend on the
explant material and media. MS medium including BAP (1 mg L-1) + 2,4-D (0.1 mg L-1) was recommended for
callus regeneration in node explants of Sultana grape (Pehlivan et al., 2017)

In a study conducted on proliferation in onion and garlic, Mukhopadhyay et al. (2005) reported that the
combined use of 0.93 mg It Kinetin and 1.07 mg I NAA resulted in more successful results than other Kinetin
and NAA combinations. These reports further confirmed the significant Kinetin effect at developing more shoots
and roots in both onion and garlic.

In our study Kinetin conferred the highest positive effects on proliferation and callus formation, which are
important components of mass production of garlic. However, it was understood, in the light of the literature on
the subject that Kinetin should be used together with other growth regulators to maximize growth, and the
application of auxin + cytokinin combinations can be more beneficial in proliferation and callus formation.

3.5.TDz
Effects of TDZ application in-vitro culture of garlic are presented in Table 6.

Table 6 shows that the highest number of healthy explants with 29 was recorded in 0.75 mg 1"t TDZ, while it
was least in 1.00 mg It with 25.0. 0.75 mg I1. TDZ also produced the highest developed explant rate (52.8%) and
number of developed explant (19.00), followed by the dosages of 1.00 mg I* and 1.25 mg I* with the number of
developed explant of 15.0 and 13.0 and with the developed explant rate of 41.7%, and - 36.1%, respectively.

TDZ with 1.25 mg I"* of dosage provided the highest number of callused explant (6.00) and the highest callus
growth rate (46.2%), but it failed to produce proliferation. Number of proliferated explants and proliferation rate
seemed to decrease with the increasing TDZ dosages. It appears that TDZ did not confer any advantage over the
numbers of proliferated explants and proliferation rates.

Considering the effects of TDZ dosages on the rooting performances of garlic explants, 1.00 mg 1 dosage
produced the highest number of rooted explants (9.0) and rooting rate (60.0%). This dose was followed by 1.25
mg It with the values of 7.0 and 53.8%, respectively. The lowest rooting rate, that is, 31.6% and lowest rooted
explant number, that is 6.6, were obtained from the 0.75 mg I-*. The maximum number of roots (2.7) was recorded
in 1.25 mg I"*and this was followed by 1.00 mg I* (2.6) and 0.75 mg I (2.2) TDZ dosages.
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In a study of Mohamed-Yasseen et al. (1994) on garlic, 2.2 and 7.5 shoots were obtained from whole and sliced
cloves, respectively. However, these results realized when 0.1 uM NAA was added to the MS medium with 0.15
umol TDZ. Alizadeh et al. (2013) have postulated that TDZ had a favorable effect on rooting when it was used
alone on mesocotyl axes of garlic Allium tuberosum cloves. However, it failed to produce similar success in terms
of proliferation and callus formation, pointing out that 1.0 mg I dose of TDZ + 0.8 and 1.00 mg I doses of 2.4
D should be used together for proliferation.

Table 6. The effect of TDZ on explant development, callus development, proliferation and rooting in garlic
cultured in vitro

Doses  Explants  Infected explants Healthy Developed Healthy Developed
(mg 1Y) (number) (number) explants explants  explant rate  explant rate
g (number) (number) (%) (%)
0.75 36 7.0 29.0 19.0 80.6 52.8
1.00 36 11.0 25.0 15.0 69.4 41.7
1.25 36 9.0 27.0 13.0 75.0 36.1
Doses  Callused explants  Callus growth rate Prec))(lgearnattsed Prollrfaetr:tlon Proliferation
-1 ()

(mg I%) (number) (%) (number) (%) (number)
0.75 4.0 21.1 2.0 10.5 1.0
1.00 2.0 13.3 1.0 6.7 1.0
1.25 6.0 46.2 0.0 0.0 0.0

Doses .

(mg 1Y) Rooted explants (number) Rooting rate (%) Roots (number)
0.75 6.0 31.6 2.2
1.00 9.0 60.0 2.6
1.25 7.0 53.8 2.7

These findings show that application of TDZ alone, which causes the least proliferation and callus formation
among the plant growth regulators used in our study, can not deliver the desired results for regeneration and rapid
reproduction in mass production.

4. Conclusions

From the viewpoint of the results presented here, it seems unlikely that the studied dosages of plant growth
regulators would be sufficient to produce seedlings from stem disc of cloves for the mass production of garlic. This
further confirmed earlier report on the effect of growth regulators on rate and number of proliferation in garlic and
onion.

Nonetheless, our findings suggest that, with the manipulation of dosages beneficial effects of the studied plant
growth regulators can translate into significant increases in proliferation and callus formation in stem disc of garlic
cloves, and sufficient level of quantity and quality may be achieved to provide seedlings.

In conclusion, this study indicates promising results in in vitro shoot formation from stem discs of gloves,
therefore, production of seedlings for mass production of garlic. However, further experiments with varying
dosages and plant growth regulators, especially with cytokinin and auxin groups, in combinations, may be useful
to fully judge on the effectiveness of generating plantlets directly from stem discs of the garlic cloves in vitro.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Sicaklik Kontrollii Bir Mikrodalga Kurutucunun Gelistirilmesi ve Mantar Kurutma
Isleminin Enerji ve Kalite Degerlerine Etkisi

Development of a Temperature Controlled Microwave Dryer and Effect of Mushroom Drying
on Energy and Quality Values

Samet Kaya DURSUN?, Burcu AKSUT?, Hakan POLATCI?, Muhammed TASOVA*"

Oz

Mantar igerdigi %90 seviyelerindeki yiiksek nemden dolay1 hasat sonrasi gabuk bozulabilen bir iiriindiir. Meydana
gelebilecek kimyasal, mikrobiyolojik ve enzimatik bozulmalar1 6nlemek igin iriin igerisindeki fazla nemin
kurutularak uzaklastirilmasi1 6nemlidir. Kurutma islemi iiriindeki fazla nemi iiriiniin kalite &zelliklerini (fiziko-
kimyasal, fitokimyasal vb.) kaybetmeden depo edilebilir bir nem degerine (%10-13) kadar diigiiriilmesi iglemidir.
Bu c¢alismada; gelistirilen sicaklik kontrollii bir mikrodalga kurutucu kullanilarak 50+1,5°C, 60+£2°C ve 70+£2.5 °C
sicaklik degerlerinde kiiltiir mantar1 (sapkali) kurutulmustur. Kurutma islemleri 6rneklerinin  nem
icerigi %92.85+0.29’den %10 nem seviyesine diisene kadar devam etmistir. Calisma kapsaminda sicaklik
kontrollii mikrodalga yonteminin mantarin kuruma siiresi, kuruma orani, matematiksel modelleme, rehidrasyon
kapasitesi, rehidrasyon orani, renk, sertlik ve efektif difiizyon-aktivasyon enerji degerlerine olan etkisi
arastirtlmistir. Bulgulara gore en kisa kuruma siiresi 40 dakika ile 70 °C kurutma sicakliginda belirlenirken en
uzun kuruma siiresi ise 210 dakika ile 50 °C kurutma sicakliginda yapilan kurutma islemlerinde belirlenmistir.
Taze mantarin renk degerlerini istatistiksel agidan en iyi 50 °C sicaklikta muhafaza ettigi tespit edilmistir. En
yiiksek rehidrasyon kapasitesi 50 °C rehidre su banyosunda ve 70 °C sicaklikta kurutulan 6rneklerde belirlenmistir.
Sertlik 6zellikleri agisindan incelendiginde 70 °C sicakligin istatistiksel agidan (P<0.05) daha uygun oldugu
bulunmustur. Rehidrasyon orani ve kapasite degerleri agisindan 60 °C sicakligin istatistiksel (P<0.05) olarak daha
iyi oldugu tespit edilmistir. Kurutulan mantarlarin efektif difiizyon degerleri 1.42-6.39x10® m? s arasinda
degismistir. Kurutulan mantar 6rneklerinin aktivasyon enerji degeri ise 69.47 kJ mol* olarak hesaplanmistir. Ince
tabaka kuruma modelleri arasinda kuruma verilerini en iyi Midilli-Kii¢iik modeli (R?: 0.9991) tahmin etmistir. Bu
sartlar altinda elde edilen bulgulara gore kiiltlir mantarinin optimum veriler agisindan 70 °C sicaklikta kurutulmasi
Onerilmektedir.

Anahtar Kelimeler: Mantar kurutma, Rehidrasyon sicakligi, Kurutma islemi, Fiziko-kimyasal 6zellikler, Matematiksel
modelleme, Efektif Difiizyon-aktivasyon enerjisi.
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Sicaklik Kontrollii Bir Mikrodalga Kurutucunun Gelistirilmesi ve Mantar Kurutma Isleminin Enerji ve Kalite Degerlerine Etkisi

Abstract

Mushroom is a perishable product from harvest due to the high humidity of 90%. When planning to occur, it is
important to remove excess moisture from the microbiological evaluation of physical and enzymatic degradation.
The drying process takes as long as a storable moisture treatment (10-13%) without losing the excess moisture in
the product to determine the quality (physico-chemical, phytochemical, etc.). In this study; A temperature at the
modeling temperature is 60£1.5 °C and 70+2.5 °C. Drying samples will continue from 92.85% to 10% humidity
of the sample. Research that has drying rate, drying rate, rehydration capacity, rehydration rate, color, effect and
effective di-activation energy values is used. According to the demonstration, the shortest drying time is estimated
at 40 to °C, while the shortest drying time refers to long runs between 210 minutes and 50 °C. The color nominal
collection of fresh mushroom is best preserved when stored at 50 °C. The highest rehydration capacity is seen in
the season passing from -70 °C in 50 °C rehydrated water. The hardness model is suitable for use at 70 °C (P<0.05).
Rehydration rate and capacity properties were found to be better at 60 °C (P<0.05). Effective heights of dried
mushrooms are 1.42-6.39x10% m? s variety. The activation energy value of the dried mushroom sample was
calculated as 69.47 kJ molt. Among the thin layer drying models, the drying method was the best, I could choose
the Pony-Little model (R2: 0.9991). The estimation for this case is that the cultivar is optimally targeted to mature
at 70 °C.

Keywords: Mushroom drying, Rehydration temperature, Drying process, Physico-chemical properties, Mathematical
modeling, Effective diffusion-activation energy
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1. Giris

Mantarlar, beslenme ve hastalik kontroliindeki 6nemli besin maddelerinden dolay1 son yillarda giderek artan
popiiler gida iiriinleri arasinda yer almaktadir (Chang ve Miles, 1989; Tolera ve Abera, 2017). Protein,
karbonhidrat, lif, mineral ve B vitamini agisindan olduk¢a zengin olmasi basta kolesterol olmak tizere bir¢ok saglik
sorunlarinin ortaya ¢ikmasini engellemektedir. Diinya da mantar {iretimi en ¢ok yapilan iilke Cin’dir. Tirkiye de
ise mantar iiretimi her yil artig gostermektedir. Tiirkiye’de son bes yilda mantar iiretimi yaklagik 15.183 ton artis
gbstermis ve 2020 yilinda bu deger 55.455 ton mantar olarak kayit edilmistir (TUIK, 2021). Uretim miktar1 ve
biinyesindeki yiiksek su iceriginden dolay:r hasat sonrast muhafazasi da oldukga 6nemlidir. Mevcut yiiksek nem
icerigi mantarda hizlica mikrobiyal gelismeyi artirmaktadir. Bu nedenle uygun bir muhafaza yonteminin
belirlenmesi gerekmektedir.

Hasat sonra soguk muhafaza kosullar1 olsa bile cesitli morfolojik ve fizyolojik degisiklikler meydana
gelebilmektedir. Ayrica sogukta muhafaza yonteminde ilk yatirim ve enerji tiiketim masraflarinin yiliksek olmast
ekonomikligini zorlastirmaktadir. Bu sebeple mantarin muhafaza iglemlerinde hem iriiniin daha uzun siire
depolanabilmesi hem de enerji tiiketimi ve ilk yatirim masraflarinin daha az oldugu yontemleri segmek 6nemlidir
(Omari ve ark., 2018). Gelismekte olan iilkeler arasinda uygun muhafaza yéntemlerinin bilinmemesi ve/veya
uygun alt yapinin olmamasindan kaynakli hasat edilen taze iirlinlerin yaklagik %30-40 orani ¢ope gitmektedir.
(Lewicki ve Lenart, 2006; Bonazzi ve Dumoulin, 2011). Muhafaza islemleri arasinda en yaygin olarak tercih edilen
yontem kurutmadir. Bu islem biyolojik materyaldeki mevcut nemin belirli bir nem seviyesine kadar diisiiriilmesidir.
Kurutma islemlerinde bir¢ok enerji kaynagi tiirii kullanilarak gelistirilen kurutucular mevcuttur. Bu amagla
literatiirde yaklasik 500 cesit kurutucunun oldugu bildirilmesine ragmen bunlardan ortalama 100 tanesi yaygin bir
sekilde kullanilmaktadir (Mujumdar, 2000; Sevik, 2013). Bu yontemler arasinda agikta, mikrodalga, vakum,
normal sicak hava ve kizildtesi kurutma islemleri ile bunlarin kombinasyonlarindan olusan hibrit kurutma
teknikleridir. A¢ikta kurutma yontemi pratiklik ve masraf agisindan uygun bir yontemdir. Fakat kurutulan tarimsal
materyalin son kalite Ozellikleri ve {iniform olmayan sicaklik dagilimindan dolayr kurutma islemi uzun
stirmektedir. Bununla birlikte agikta kurutuldugundan dolay1 biyolojik materyal gevresel etmenlerden olumsuz
etkilenmektedir. Sicak havayla kurutma islemi ise mikrodalga yontemine gore kuruma siiresi daha uzun ve kalite
Ozellikleri de daha diisiik son tirinler elde edilmektedir. Mikrodalga kurutma igleminde elektromanyetik enerji
direkt tiriin igerisindeki su molekiillerini titrestirerek 1sinin daha iiniform ve daha yiiksek olmasini saglamaktadir.
Bu durum kurutma isleminin daha kisa siirmesine, kalite 6zelliklerinin daha yiiksek olmasina ve enerji tiikketiminin
ise daha diisiik olarak sonuglanmasini saglamaktadir (Omari ve ark., 2018). Fakat mikrodalga kurutma yonteminde
gii¢ parametresinin {irlin iizerinde olusturdugu sicaklik degeri bilinmemektedir. Kurutma sicakligi ise iiriinlerin
kalite ve kuruma kinetigi {izerindeki en 6nemli etmenlerden biridir. Bu kapsamda yapilan ¢aligmada bir mikrodalga
firin tizerine temassiz kizildtesi sicaklik sensorii yerlestirilerek iiriin ylizeyindeki sicaklik degeri kontrol edilmistir.

Literatiirde mantar kurutma islemiyle ilgili ¢esitli calismalar bulunmaktadir. Mantar kurutuldugunda hemen
hemen tiim lezzetini ve diger 6zelliklerini koruyabilmektedir (Celen ve ark., 2010). Das ve Arora (2018), mantar
kurutma i¢in mikrodalga destekli bir sicak hava kurutucu gelistirmislerdir. Calismada mantarin kuruma siiresini
72 dakika olarak tespit etmiglerdir. Tagova ve Giizel (2020), 50, 60 ve 70 °C sicaklarda kiiltiir mantar1 kurutma
islemi yapmuslardir. En uzun kuruma siiresini 50 °C ile 9 saatte oldugunu bulmuslardir. Hanmammadli (2020), 4
farkli mantar cesidini (istiridye, kiiltiir, kestane ve shiitake) 3 farkli mikrodalga giiclinde (100, 200 ve 300 W)
kurutmustur. Calismada en kisa kuruma siiresi 27 dakika ile kestane mantarinda 300 W mikrodalgada belirlemistir.
Ancak daha 6nce yapilan mikrodalga kurutma ¢aligmalarinda mantar yiizeyinde olusan sicakligin kontrol edildigi
bir kurutma ¢alismasina rastlanilmamistir.

Bu calismada gelistirilen sicaklik kontrollii bir mikrodalga kurutucuda kiiltiir mantar1 kurutulmustur. Farkli
sicaklik degerlerinin; kuruma siiresi, kuruma orani, modelleme, rehidrasyon, rehidrasyon orani, rehidrasyon
kapasitesi, renk, sertlik ve efektif difiizyon-aktivasyon enerji degerlerine etkisi arastirilmistir.

2. Materyal ve Metot
2.1. Kurutma materyali

Calisma materyali olarak mantar sebzesi kullanilmustir. Uriin temini Tokat ilindeki bir marketten satin almarak
yapilmistir. Nem tayini ve kurutma islemleri i¢in Tokat Gaziosmanpasa Universitesi Biyosistem Miihendisligi
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Boliimii kurutma laboratuvarina getirilmistir. Islemler bitinceye kadar iiriinler +4+0.5 °C sicaklikta muhafaza
edilmistir.

2.2. Nem tayini iglemi

Kurutma islemi Oncesinde taze mantarin yas baza goére ilk nem igeriginin belirlenmesi i¢in ortalama
40+0.15 g 6rnek kullanmilmistir. Nem tayini islemi sabit 70 °C sicakliktaki bir etiivde agirlik degisimi sabitlenene
kadar kurutulmugtur (Yagcioglu, 1999). Yas baza gore nem igerigi esitlik (1) ve (2) kullanilarak hesaplanmigtir.

N, = *22 %100 (Es.1)
Ne = "2 x 100 (Es.2)

Burada; Ny: Yag baza gore nem (%), Nk: Kuru baza gore nem (%), Wi: Yas 6rnegin agirhigr (g), Ws: Kuru
ornegin agirhigi (g).

2.3. Kurutma islemi

Calismada tirtinlerin kurutulmast i¢in gelistirilen sicaklik kontrollii bir mikrodalga firin kullanilmistir (Sekil 7).
Bu kurutucuda mikrodalga enerjileri firmn icerisine dagilarak kurutulan iiriin tarafindan absorbe edilip ayarlanan
(istenilen) sicaklik degerine kadar firin ¢alistir-kapa (kesikli) yontemle calismaktadir. Mikrodalga kurutucularin
diisiik enerji titketimi, kisa kuruma siiresi ve yiiksek kaliteli kuru iiriin elde etme avantajlarindan faydalanarak {iriin
yiizeyinde olusan kurutma sicakligi da kontrol edilmektedir. Firin icerisindeki cam tepsi lizerine yerlestirilen
mantarin yiizey sicakligint 6l¢mek i¢in mikrodalga tlizerindeki temassiz kizilétesi sicaklik sensorii kullanilmigtir
(Sekil 1-1). Uriin yiizeyinden 8l¢iilen sicaklik degeri énceden kontrol paneline énceden girilen kurutma sicakligia
gore kontrol edilmistir (Seki/ 1-2). Kontrol paneli, {iriiniin yiizey sicakligi girilen kurutma sicakligina ulastiginda
mikrodalga firm1 otomatik olarak durdurmaktadir. Uriin sicaklig1 girilen kurutma sicakligmin altma diistiigiinde
ise mikrodalga firin1 otomatik olarak ¢alistirmaktadir (Sekil 7-3). Calismada, mikrodalga firmnin dinlenme siiresi
ise 15 saniye olarak belirlenmistir (Polatci ve Tasova, 2017).

Sekil 1. Sicaklik kontrollii mikrodalga kurutucu

Figure 1. Temperature-controlled microwave dryer
2.4. Kurutma yéntemi

Kurutma islemine baglamadan 6nce mantar yiginindan temiz ve kararmamis drnekler secilmistir. Daha sonra
mantarin sap kisimlar1 ayrilmistir. Kurutma islemi i¢in ortalama 35-40 g kadar {irtin kullanilmigtir. Kurutma
islemleri gelistirilen sicaklik kontrollii mikrodalga kurutucuda 50, 60 ve 70 °C sicakliklarda paralel olarak
yiiriitilmiistiir. Kuruma islemlerinde 6rneklerin son nem degeri yas baza gore %10-14 seviyelerine kadar
kurutulmustur. Kurutulan 6rneklerin agirlik degisimi ANDGF300 model hassas terazi (0.01 g) ile takip edilmistir.

2.5. Renk él¢giimii

Renk, gidalarin ve tarimsal iiriinlerin en nemli kalite degerlerini ortaya koyan bir kriterdir. Uriinlerde meydana
gelen enzimatik ve enzimatik olmayan reaksiyonlardan kaynakli olumsuz renk degisimleri, market degerini 6nemli
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seviyede etkilemektedir (Krokida ve ark., 2000; Adiletta ve ark., 2014; Polatc1 ve ark., 2020). Taze ve kurutulmus
mantar orneklerinin L, a ve b degerleri Minolta marka CR300 model renk &lger ile dl¢tilmiistiir. Bu degerler
kullanilarak kroma, hue, kahverengilesme indeksi ve toplam renk degisim degerleri hesaplanmistir. "L" meyvenin
parlaklik degerini ifade ederken 0-100 arasinda degerler almaktadir. "a" kirmizi-yesil ve "b" ise sari-mavi renkleri
temsil etmektedir. Bu degerler (+) isaretli olursa “a” kirmiziy1 “b” sar1 renkte oldugunu (—) isaretli degerler alirsa

[T9%T)

a” yesil ve “b” mavi renkte oldugunu gostermektedir (McGuire, 1992).

Kroma degeri, rengin doygunlugunu gostermektedir. Canli renklerde yiiksek degerler hesaplanirken solgun
renklerde diisiik degerler hesaplanmaktadir. Kroma degeri esitlik (3) numarali kullanilarak hesaplanmustir.

Hue degeri, 6l¢iilen kirmizilik ve sarilik degerleri kullanilarak hesaplanan bir renk radyantini ifade etmektedir.
Hue degeri esitlik (4) kullanilarak hesaplanmigtir.

C = (a? + b?)1/? (Es.3)

h = tan™! (Z—*) (Es.4)

*

Toplam renk degisim degeri (AE) taze mantarin renk degerlerini kurutma islemleriyle ne kadar degistigini
belirlemektir. Toplam renk degisim degerini esitlik (5, 6, 7 ve 8) kullanilarak hesaplanmistir (Celen ve ark., 2015).

AL = Lygye — I? (Es.5)
Aa = Qe — @ (Es.6)
Ab = by, — b (Es.7)
AE = VALZ + Aa? + Ab? (Es.8)

Kahverengilesme indeks degeri (BI) mantarin kurutma islemi sonunda gerc¢eklesen kahverengilik degerini
belirtmektedir. Kahverengilesme indeksi esitlik (9) numaral esitlik kullanilarak hesaplanmistir (Plou ve ark.,
1999).

a+(1,75x L)

X= [(5.645x L)+(a—(3,012x b))] (Es.9)

[100(x—0,31)]
0,17

BI = (Es.10)

2.6. Rehidrasyon degerleri

Kurutulan mantarlarin tekrar su alma miktarlarinin yiiksek olmasi istenir. Bu durum kuru iiriiniin kullanildig:
gida ortamima aromasmi ve tadimi birakmasi i¢in arzu edilir. Kurutulan gidalarin rehidrasyon kinetiginin
arastirildigt ¢alismalarda rehidre icin kullanilan suyun sicakligi da rehidrasyon parametrelerini (rehidrasyon hizi,
orani, kapasitesi) onemli seviyede etkiledigi belirtilmektedir. Calisma kapsaminda farkli sicaklarda kurutulan
mantar drnekleri su banyosu cihazinda (Simsek Laborteknik marka-Tiirkiye SBD309 model) 50, 60 ve 70 °C
sicakliklarda bekletilmistir. Rehidrasyon su sicakliklarmin kurutulan mantarin rehisrasyon orani ve kapasite
parametrelerine etkisi aragtirilmigtir. Kurutulan mantar Orneklerinin rehidrasyon orami (RO) esitlik (11)
kullanilarak hesaplanmistir (Ertekin ve Yaldiz, 2004). Kurutulan mantarlarin rehidrasyon kapasiteleri (RK) ise
esitlik (12) kullanilarak hesaplanmistir (Chen ve ark., 2017).

_ M
RO = 2 (Es.11)
RK =My 100 (Es.12)

1
Burada; M; herhangi bir t siiresi anindaki nemli triintin agirh@ini, My ise kuru {irtiniin ilk agirhgmi temsil
etmektedir. Mz nemlendirilmis triintin agirhgimni, My ise kuru triiniin ilk agirligini belirtmektedir.

2.7. Efektif difiizyon ve aktivasyon enerji degerlerinin belirlenmesi

Kurutma islemlerinde iiriinlerden nemin uzaklasmasi Fick yasasinin ikinci kanunu ile agiklanmaktadir. Bu
kanun siireye bagl olarak uzaklasan nemin birim zamanda yayilan alan miktarini belirtmektedir. Efektif difiizyon
degeri hesaplanirken {iriin doku yapisinin korundugu ve nemin sadece difiizyon yolu ile ortamdan uzaklastig
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varsayimi kabul edilmektedir. Bu deger esitlik (14) kullanilarak hesaplanmistir (Crank, 1979; Tiirker ve Isleroglu,
2017).

M—M, 8 @ 1 2Dt
MR = Mo M, = ; nzom exp [(Zn + 1)2 T% (Eslg)
2D
_ 7,8 " esst
In MR =In =2 (Es.14)

Burada; Deff efektif difiizyon degerini (m? s?), L iiriiniin dilim kalinhiginin (m) yarisini ifade etmektedir. t ise
iiriiniin kuruma siiresini gostermektedir.

Aktivasyon enerjisi uriiniin efektif diflizyon degerinin sicakliga bagli degisimi Arrhenius esitliginde
kullanilarak hesaplanmistir (Karel ve Saguy, 1991). Bu fonksiyon esitlik (15) te verilmistir.

E
Dess = Dy exp (— ﬁ) (Es.15)

Burada; Do degeri difiizyon katsayisini (m? s1), R degeri gaz sabitini (8.3143 kj molK™?), Ea aktivasyon enerji
degerini (kj mol™?) ve T (Kelvin®) ise kurutma havasi sicakligmn ifade etmektedir.

2.8. Kuruma modeli

Kurutulan mantar orneklerinin siireye bagli olarak ayrilan nem orani degeri esitlik (16) kullanilarak
hesaplanmustir.

M- M,
Mo— M

ANO =

(Es.16)

ANO: Ayrilabilir nem orani

M: Kurutulan materyalin anlik nem igerigi (g nem g kurumadde™)

Me: Kurutulan materyalin verilen durumdaki denge nemi (g nem g kurumadde™)
Mo: Kurutulan materyalin ilk nem igerigi (g nem g kurumadde™)

Kuruma egrilerini olusturmak igin literatiirde yaygin olarak kullanilan Lewis, Yagcioglu, Wang-Sing ve
Midilli-Kii¢iik ince tabakali matematiksel modeller segilmistir. Modellere ait esitlikler Tablo 1'de verilmistir.

Tablo 1. Kurutma model esitlikleri

Table 1. Drying model equations

Model ismi Esitlik Kaynak

Lewis ANO = exp(—k.t) Lewis(1921) (Es.17)
Yagcioglu ANO = k.exp(—h.t) +j Yagcioglu(1999) (Es.18)
Wang-Sing ANO =1+k.t+h.t? Wang ve Singh (1978) (Es.19)
Midilli-Kiigiik ANO = h.exp(—j.t*) + (m.¢t) Midilli ve ark. (2002) (Es.20)

2.9. Kuruma huzz

Mantar drneklerinin kuruma hiz degerlerine sicakliklarin etkisi belirlenmistir. Kuruma hiz degerlerinin
hesaplamak igin esitlik (21) kullanilmustir.

KH = (M- Mgyq,) /dt (Es.21)

Burada: My; t anindaki nem igerigi (g su g kuru madde™?), dt; dakika, KH; kuruma hiz1 (g su g kuru madde-
!.dakika).

2.10. Istatistiksel analiz

Kurutulmus &rnekler ile taze ornekler arasindaki istatistiksel farki (P<0.05) belirlemek i¢in SPSS23
programinda ¢oklu karsilastirma testi (Duncan) yapilmstir.
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3. Arastirma Sonuglari ve Tartisma
3.1. Kuruma verileri

Mantar 6rnekleri, gelistirilen sicaklik kontrollii bir mikrodalga kurutucu ile belirli bir nem seviyesine kadar
kurutulmustur. Mantar 6rneklerinin yas baza gore ilk nem icerigi %92.85+0,29 olarak belirlenmistir. Tagova ve
Giizel (2020), calismalarinda %92.90 nem igerigine sahip mantar 6rneklerini etiivde 50, 60 ve 70 °C sicakliklarda
kuruttuklari tiriinlerin kuruma siiresini sirayla 9, 7.5 ve 4.5 saat olarak bulmusglardir. Han, (2019) infrared kurutma
teknigi ile kiiltiir mantarinin kurutulmasi {izerine yaptigi ¢alismada taze mantarlarin ilk nem igerigini %93 olarak
bulmustur. Bu c¢alismada, literatiirdeki kaynakla benzer sonug¢ elde edilmistir. Tolera ve Abera (2017),
calismalarinda ozmotik 6n islem ve farkli kurutma ydntemlerinin mantarmn besin kalitesi ilizerine etkisini
incelemislerdir. Deneme materyali olan mantarin nem igerigini %88.75+0.02 olarak bulmuslardir. Bu farkliligin
sebebinin mantar ¢esidinin farkli olmasindan kaynakli oldugu diisiiniilmektedir. Kurutma islemlerinde bu deger
giivenli depolanabilir %10-14 nem seviyesine kadar disiiriilmistiir. Calismada en uzun kuruma siiresi 210 dakika
ile 50 °C kurutma sicakliginda tespit edilmistir. En kisa kuruma siiresi ise 40 dakika ile 70 °C kurutma sicakliginda
belirlenmistir. Kurutma sicakliginin 50 °C’den 70 °C’ye ¢ikarilmasi halinde kuruma siiresinin %70.83 oraninda
azaldig1 tespit edilmistir. Sahin ve ark. (2012), 65 °C ve 75 °C kurutma sicakliklarinda domates 6rneklerini
kurutmuslardir. Kurutma sicakliginin artmasiyla kuruma siiresinin ortalama %10 civarinda azaldigini tespit
etmiglerdir. Aktas ve ark. (2013) kurutma sicakliginin artmasi kurutulan meyvenin kuruma performansini (kuruma
orani, kuruma stiresi vb.) olumlu etkiledigini tespit etmislerdir.

3.2. Renk degerleri

Taze ve kurutulmus mantar orneklerinin Olgiilen ve hesaplanarak belirlenen renk degerleri Tablo 2’de
verilmistir.

Tablo 2. Mantar orneklerine ait dl¢iilen ve hesaplanan renk degerleri

Table 2. Measured and calculated color values of mushroom samples

L a b C Hue AE BI
Taze 88.08+3.13% 3.23+0.29° 9.71+1.96° 10.25+£1.91°  71.13£2.908 - -
50°C  43.71£2.09° 10.79£0.94%® 2222+1.97° 24.70£2.22° 64.08+1.19 29.79+327°  87.03+8.922
60°C  52.80+3.42° 11.23+098%  25.78+1.45% 28.13£1.712  66.48+0.94° 36.24+2.13°  81.37+9.20°
70°C  52.33£4.64° 10.40+0.82°  26.82+1.60°  28.79+1.35%  68.72+2.36°  35.77+£3.13°  84.85+7.20%

Tablo 2’ye gore kurutulmus 6rneklerin L, a ve b degerleri %5 6nem seviyesinde taze 6rneklere gore istatistiksel
acidan bir fark bulunmustur. L degerleri incelendiginde 60 ve 70 °C sicakliklarda Slgiilen parlaklik degerleri
arasinda istatistiksel agidan 6nemli diizeyde (p<0,05) bir fark olmamustir. Kurutma sicakliklarinin taze durumdaki
mantara gore parlaklik degerlerini koruyamadig: tespit edilmistir. Dogan ve ark. (2014), yaptiklar1 ¢aligmada
istiridye mantarini farkli sicakliklarda ve belirli siire kurutmuslardir. Kurutma islemi sonucunda L degerleri 50, 60
ve 70 °C sicakliklar i¢in ortalama 70-75 arasi degistigini belirtmislerdir. Sari/mavi renk degerleri incelendiginde
yine 60 ve 70 °C sicakliklarda dlgiilen b degerleri arasinda istatistiksel agidan 6nemli diizeyde (P<0.05) bir fark
olmamigtir. Hanmammadli (2020), farkli mantar gesitlerini kuruttugu tez ¢alismasinda kiiltiir mantar1 6rneklerinin
b renk degerlerinin 13.80-22.25 arasinda degistigini tespit etmistir. Taze lirliniin kroma (renk doygunlugu) degeri
10.25+1.91 olarak bulunmustur. En diisiik kroma degeri 50 °C’de 24.70+2.22 bulunurken en yiiksek deger ise 70
°C ile 28.79+1.35 olarak belirlenmistir. 60 ve 70 °C sicakliklar icin hesaplanan kroma degerleri arasinda
istatistiksel agidan (P<0.05) bir fark yoktur. Kurutma sicakliklarinin mantar 6rneklerinin kroma degerlerini
artirdig1 belirlenmistir. Taze iirlinlerin hue acis1 71.1342.90 olarak hesaplanmistir. Yapilan ¢calismada en diisiik
hue agis1 50 °C’de 64.08+1.19 olarak tespit edilirken en yiiksek hue agisi ise 70 °C sicaklikta 68.72+2.36 olarak
bulunmustur. Kurutma sicakliklarinin mantar 6rneklerinin hue degerlerini artirdig: tespit edilmistir. Kurutma
sicakliklarin taze mantarin toplam renk degisimi lizerine etkisi istatistiksel agidan 6nemli diizeyde oldugu
bulunmustur. En fazla renk degisimi 60 °C sicaklikta 36.24+2.13 olarak belirlenirken en az ise 50 °C sicaklikta
29.79+3.27 olarak belirlenmistir. En diigiik BI (kahverengilesme indeksi) degeri 60 °C sicaklikta 81.37+9.20 olarak
hesaplanirken en yiiksek ise 87.03£8.92 hesaplanmigtir. Taze mantarin renk degerlerine istatistiksel agidan en
yakin 50 °C sicaklikta kurutulan &rneklerde tespit edilmistir.
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ANO

3.3. Kurutma parametrelerine ait degerler

Kurutulan mantar 6rneklerine ait mantarin kuruma hizi ve kuruma oranlar1 Sekil 2° de verilmistir.
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Sekil 2. Mantar orneklerine ait kuruma kinetigi ve kuruma hiz egrileri

Figure 2. Drying Kinetics and drying rate curves of mushroom samples

Sekil 2°ye gore kurutma sicakliklarinin kuruma hiz degerlerine istatistiksel agidan etkisinin 6nemli diizeyde
oldugu goriilmistir. 50 °C’ de yapilan kurutma isleminin kuruma hiz degerleri 0.0028-0.2568 g nem.g kuru
madde.dakika arasinda degistigi tespit edilmistir. 60 ve 70 °C’ lerde ise bu deger sirasiyla 0.1097-0.3356 ve
0.0891-0.5031 g nem.g kuru madde*.dakika arasinda degistigi belirlenmistir.

3.4. Rehidrasyon verileri

Kurutulan mantar 6rneklerine ait rehidrasyon agirlik degisim degerleri Sekil 3’te verilmistir.

Oran

50

4,0 4

35 1

3.0 1

254

2,04

151

10

50°C Rehidre su sicakligi

60°C Rehidre su sicakligi

351

Siire (saat)

3,0 4
e —e c
@
S
O 25
2,0
—e— 50°C —e— 50°C
o 60°C 154 —o— 60°C
—v— 70°C —v— 70°C
T 1,0 T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Siire (saat)

70°C Rehidre su sicakligi

45

4,0 4

3,5 4

3,0 4

Oran

254

2,0 1

151

10

Siire (saat)

Sekil 3. Farkli su banyosu sicakliklarindaki rehidrasyon egrileri

Figure 3. Rehydration curves at different water bath temperatures
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Calismada kurutma ve rehidre su sicaklik degerlerinin mantar 6rneklerinin rehidrasyon agirlik degisimlerine
etkisinin onemli oldugu tespit edilmistir. 50 °C rehidre su sicakliginda kuru mantarlarin gostermis oldugu
rehidrasyon egrileri incelendiginde en yiiksek rehidrasyon agirlik degisimi 70 °C kurutma sicakliginda
belirlenmistir. 60 ve 70 °C rehidre su sicakliklarinda en yiiksek rehidrasyon agirlik degisimi yine 70 °C sicaklikta
tespit edilmistir. Tiim rehidrasyon agirlik degisimleri birlikte degerlendirildiginde en yiiksek su alma miktar1 50 °C
rehidre su sicakliginda ve 70 °C sicaklikta kurutulan Srneklerde belirlenmistir. Tagova ve Giizel (2020), yaptiklar
calismada kiiltiir mantarini 50, 60 ve 70 °C sicakliklarda 12.54+1.21 kuru baz (k.b.) degerinden 0.13£0.02 (k.b.)
son nem degerine kadar kurutmuslardir. Kurutma sonrasinda mantarlara uygulanan farkli rehidre su sicakliklarinin
rehidrasyon oranina etkisine bakilmistir. Deneme sonucunda en yiiksek rehidrasyon orani 1.84 ile 70 °C sicaklikta
yapilan su banyosunda ve 50 °C sicaklikta kurutulan mantar 6rneklerinde tespit edilmistir. Hanmammadli (2020),
mikrodalga kurutma yontemi ile ¢gesitli mantarlara kurutma islemi uygulamistir. Sonuclar incelendiginde 100, 200
ve 300 W mikrodalga uygulamalartyla kurutulan kiiltiir mantar1 6rneklerinin rehidrasyon orani degerleri sirastyla
1.55, 0.79 ve 1.01 olarak bulmustur.

3.5. Rehidrasyon parametreleri ve sertlik degerleri

Kurutulan mantar 6rneklerine ait sertlik rehidrasyon orami ve rehidrasyon kapasite degerleri Tablo 3’te

verilmistir.
Tablo 3. Mantar érneklerine ait sertlik, rehidrasyon orani ve kapasitesi degerleri
Table 3. Hardness, rehydration rate and capacity values of mushroom samples
Kurutma sicakhklari S Rehldrasy? A su RO RK
sicaklhigi

Taze 51.83+3.97°¢ - - -
50 °C 2.45+0.09° 59.10£1.49°

50 °C 66.30+1.952 60 °C 3.00+0.152 66.63+1.662
70°C 3.05+0.092 67.13+0.972
50 °C 2.78+0.06®  63.91+0.84%

60 °C 66.80 +£2.89°2 60 °C 3.02+0.292 66.72+3.192
70 °C 2.95+0.352 65.88+4.082
50 °C 2.77+0.05®  63.92+0.60%

70 °C 61.80+2.04° 60 °C 3.02+0.202 66.78+2.252
70 °C 2.80+0.23%  64.16£3.01%®

®dFarkl: {ist simgelere sahip bir satir icindeki degerler, P<0.05'te &nemli olgiide farklihk gdsterir. S: Sertlik,
RO: Rehidrasyon orani, RK: Rehidrasyon kapasitesini gostermektedir.

Tablo 3’e gore kurutma sicakliklarinin mantarin sertlik degerlerine etkisi istatistiksel agidan (P<0.05) 6nemli
diizeyde oldugu bulunmustur. 50 ve 60 °C sicakliklarda kurutulan mantar 6rneklerinin sertlik degerleri taze ve
diger kurutma sicakligina gore istatistiksel agidan daha yiiksek oldugu belirlenmistir. 50 °C rehidre su sicakliginda
istatistiksel agidan (P<0.05) en yiiksek rehidrasyon oranlar1 ve kapasitesi 60 ve 70 °C’lerde kurutulan &rneklerde
tespit edilmis. 60 °C rehidre su sicakliginda istatistiksel agidan (P<0.05) en yiiksek rehidrasyon orani ve kapasitesi
yine 60 ve 70 °C’lerde kurutulan 6rneklerde belirlenmistir. 70 °C rehidre su sicakliginda istatistiksel agidan en
yiiksek rehidrasyon orani ve kapasitesi ise 60 °C’de kurutulan 6rnekte bulunmustur. Kurutulan mantar érnekleri
sertlik 6zellikleri acisindan kiyaslandiginda 70 °C sicaklikta yapilan islemin istatistiksel acidan (P<0.05) daha
uygun oldugu belirlenmistir. Kurutulan mantar 6rnekleri rehidrasyon orani ve kapasite o6zellikleri agisindan
degerlendirildiginde 60 °C sicaklikta yapilan islemin istatistiksel agidan (P<0.05) daha iyi oldugu bulunmustur.

3.6. Efektif difiizyon ve aktivasyon enerji degerleri

Kurutulan mantar 6rneklerine ait siireye bagli In ANO degerleri Sekil 4’te verilmistir.
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Sekil 4. In ANO degerler
Figure 4. In ANO values
Kurutma sicakliklarmin efektif difiizyon ve aktivasyon enerji parametrelerine etkisi Tablo 4’te verilmistir.
Tablo 4. Efektif difiizyon ve aktivasyon enerji

Table 4. Effective diffusion and activation energy

Kurutma sicakliklar Efektif difiizyon (m?s?) Aktivasyon enerji (Kj mol?)
50 °C 1.42x10°6
60 °C 3.53x10°® 69.47
70°C 6.39x10°®

Tablo 4’e gore kurutma sicakliklarinin efektif difiizyon degerlerini 6nemli diizeyde etkilemistir. Kurutulan
mantarlarin efektif difiizyon degerleri 1.42-6.39x10° m? s arasinda degismistir. Kurutma sicakliklarinin
artmastyla efektif difiizyon degerleri artmistir. Kurutulan mantar drneklerinin aktivasyon enerji degeri ise 69.47
kJ mol* olarak hesaplanmustir. Doymaz ve Aktas (2018), yaptiklari ¢calismada sicak hava kurutucusunda, 40, 50,
60 ve 70 °C sicakliklarda patlican kurutmuglardir. Kurutma havasi sicakliginin artmasiyla birlikte kurutulmus
patlican dilimlerinin efektif difiizyon katsayisi degerlerinin arttigini belirtmislerdir. Tagsova ve Giizel (2020), ti¢
farkli (50, 60 ve 70 °C) kurutma sicakliginda kurutulan kusburnu meyvesinin kurutma havasi sicakligi tiriiniin
efektif difiizyon degerini etkiledigi ve sicaklik degerinin artmast ile efektif diflizyon degerinin arttig1 ve en yiiksek
efektif difiizyon degerini ise 70 °C kurutma sicakliginda belirlediklerini ifade etmislerdir.

3.7. Modelleme Verileri
Kurutulan mantar 6rneklerine ait matematiksel modelleme degerleri Tablo 5’te verilmistir.

Tablo 5’e gore Lewis modeli kuruma verilerini en iyi 50 °C’de modellemistir. Wang-Sing. Yagcioglu ve
Midilli-Kiigiik modelleri kuruma verilerini yine en iyi 50 °C’de modellemistir. Tiim kurutma modeller arasinda
kuruma verilerini en iyi Midilli-Kiiciik modeli (R% 0.9991) tahmin etmistir. Calismada kullanilan matematiksel
modellerin tiimi istatistiksel agidan giivenli (P<0.05) oldugu bulunmustur. Bu ¢aligmada mantar i¢in en uygun
kurutma modelinin belirlenmesi kurutma isleminin kontroliiniin saglanmasi agisindan bir avantaj saglayacagi
distiniilmektedir.
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Tablo 5. Modelleme egsitliklerine ait hesaplanan degerler

Table 5. Calculated values of modeling equations

Model Esitlikleri Sicaklik (°C) R2 p k h j m
50 °C 0.9959 <0.0001  0.0153 - - -
Lewis 60 °C 0.9480 <0.0001  0.0241 - - -
70°C 0.9533 <0.0001  0.0425 - - -
50 °C 0.9983 <0.0001 -0.0111  3.1453 - -
Wang Sing 60 °C 0.9937 <0.0001  -0.0138  -5.1387 - -
70°C 0.9956 <0.0001  -0.0248 -3.5182 - -
50 °C 0.9990 <0.0001 1.1007  0.0124  -0.1006 -
Yagcioglu 60 °C 0.9906 <0.0001 16.5601 0.0010  -15.5529 -
70 °C 0.9968 <0.0001 8.6395  0.0033  -7.6039 -
50 °C 0.9991 <0.0001 1.1208  0.9802  0.0083 -0.0002
Midilli- Kiigiik 60 °C 0.9913 <0.0001  0.0006  1.0131  0.0079 -0.0162
70°C 0.9982 <0.0001 1.5783  0.9947  0.0048 -0.0054

R?: Kararlilik katsayis1, p: Onemlilik seviyesi, k-h-j-m: Model katsayilari

4. Sonug¢

Mantarin kuruma 6zelliklerinin incelendigi bu ¢alisma kapsaminda kurutma sicakliklarinin artmasiyla kuruma
slirelerinin 6nemli diizeyde azalttig1 tespit edilmistir. Renk degerleri agidan en uygun 50 °C sicaklikta yapilan
kurutma iglemi olmustur. Kurutulan mantar 6rnekleri arasinda en yiiksek geri su alma miktar1 50 °C rehidre su
sicaklig1 ortaminda ve 70 °C sicaklikta kurutulan 6rneklerde belirlenmistir. Kurutulan mantar 6rneklerinin sertlik
degerleri artmustir. Sertlik 6zelligi agisindan 70 °C sicaklikta kurutma isleminin yapilmasi daha uygun oldugu
bulunmustur. Kurutulan mantar 6rnekleri rehidrasyon orani ve kapasitesi 6zellikleri agisindan degerlendirildiginde
60 °C sicaklikta yapilan islemin optimum oldugu goriilmiistiir. Kurutma sicakliklarinin artmasiyla efektif difiizyon
degerleri arttigi ve mantarm aktivasyon enerji degeri ise 69.47 kJ mol? olarak hesaplanmigtir. Belirlenen
matematiksel modeller arasinda kuruma verilerini en iyi Midilli-Kii¢iik modelinin (R%: 0.9991) tahmin ettigi tespit

edilmistir.
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Molecular Determination of the Presence of Some Grapevine Viruses and Phylogenetic
analyses of Grapevine Virus A in Tokat Province Grapevine Area*

Tokat Ili Asma Alaninda Baz1 Asma Viriislerinin Molekiiler Olarak Belirlenmesi ve
Grapevine Virus A'nin Filogenetik Analizi
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Abstract

Grapevine (Vitis spp.) is one of the major fruit crop with high socioeconomic importance for Turkey. In vineyards,
many harmful organism, especially virus infections, weaken the plant and lead to decreases in yield and quality,
so it takes the lead in quarantine and certification. This study was carried out to determine some viral agents that
cause yield loss in vines produced in Tokat, where viticulture is very important. Samples were collected from
young leaves and one-year-old shoots of grapevines showing virus symptoms from some vineyard areas in Tokat
Center and its districts. Collected 189 grapevine samples were subjected to the RT-PCR test, which is a molecular
method using virus-specific primers, to detect the presence of Grapevine pinot gris virus (GPGV), Grapevine virus
A (GVA), Strawberry latent ringspot virus (SLRSV). Out of a total of 189 plant samples, 80 (42.32%) of GVA, 3
(1.58%) of GPGV were detected and SLRSV (0%) was not detected. More than one virus was found in 2 (1.05%)
of 189 tested samples. It was determined that the most common virus was GVA, the least detected virus was GPGV
in plant samples collected from Tokat Center and its districts. Bidirectional sequence analysis of RT-PCR products
of GVA-infected isolates were performed and phylogenetic analyzes were done by comparing them with reference
isolates after they were aligned with the MEGAX computer program. Based on phylogenetic analysis studies,
GVA showed differential branching with isolates registered in GenBank and isolates obtained in the study. GVA-
infected isolates showed similarity with reference isolates at rates of 92-94%. In this study, molecular analysis of
Turkish GVA isolates was performed. This molecular information is important as it will shed light on future
studies.
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Oz

Tiirkiye bagciligi sosyoekonomik anlamda en 6nemli {irin gruplarmin biridir. Baglarda birgok zararl organizma
grubu dzellikle de viriis enfeksiyonlar1 bitkiyi zayiflatip, verim ve kalitesinde azalmalara yol agtigindan karantina
ve sertifikasyonda basi ¢ekmektedir. Bu ¢alisma, bagciligin ¢ok 6nemli oldugu Tokat ilinde iiretilen asmalarda
verim kaybina neden olan bazi viral etmenleri tespit etmek amaciyla yapilmistir. Tokat Merkez ve ilgelerindeki
bazi bag alanlarindan virlis semptomu gosteren asmalarin geng yapraklarindan ve bir yasindaki siirgiinlerinden
ornekler alinmigtir. Toplanan 189 asma ornegine Grapevine pinot gris virus (GPGV), Grapevine virus A (GVA)
ve Strawberry latent ringspot virus (SLRSV) varligini tespit etmek icin virlise 6zgii primerler kullanilarak
molekiiler bir yontem olan RT-PCR testine tabi tutulmustur. Toplam 189 asma 6rneginden 80 (%42.32) GVA, 3
(%1.58) GPGV enfeksiyonu tespit edilmis ve hicbir 6rnekte SLRSV (%0) tespit edilmemistir. Test edilen 189
asma Orneginin 2'sinde (%1.05) birden fazla viriis tespit edilmistir. Tokat Merkez ve ilgelerinden toplanan bitki
orneklerinde en sik goriilen viriisiin GVA, en az tespit edilen viriisiin ise GPGV oldugu belirlenmistir. GVA ile
enfekteli izolatlarin RT-PCR dirtinlerin ¢ift yonlii sekans analizi analizleri yapilmis ve MEGAX bilgisayar
programi ile hizalandiktan sonra referans izolatlarla karsilagtirilarak filogenetik analizleri yapilmistir. Filogenetik
analiz ¢aligmalarina gore, GVA, GenBank'ta kayitli izolatlarla ve farkli ¢alismada elde edilen izolatlarla farkli
dallanma gostermistir. GVA ile enfekte izolatlar referans izolatlarla %92-94 oraninda benzerlik gostermistir. Bu
calismada Tiirk GVA izolatlarinin molekiiler analizi yapilmistir. Bu molekiiler bilgilerin ileride yapilacak
caligmalara 151k tutacagi ongoriilmektedir.

Anahtar Kelimeler: Filogenetik analiz, Grapevine virus A, Strawberry latent ringspot virus, Grapevine pinot gris virus, Tokat,
Vitis vinifera, RT-PCR
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1. Introduction

Grape, which has great importance in human nutrition, is a type of fruit that is consumed both fresh and dry.
Our country, is located on the most favorable belt of the world for viticulture; Due to its location in the center of
the geography where the gene centers of the vine intersect and where it was first cultivated, it has a very old and
deep-rooted viticulture culture and a rich vine gene potential (Durgut and Arin, 2005). It is also an important export
product for Turkey's economy (Kaplan and Bayhan, 2017).

Tokat is a province that demonstrates the peculiarities of the transitional climate between the region of Central
Anatolia and the Eastern Black Sea region. Viticulture is an important agricultural industry for Tokat and is widely
practiced in the districts of Central, Zile, Erbaa, Pazar, Turhal, and Niksar. In Tokat province, 51,762 tons of
products are produced from an area of 62,259 hectares (TUIK, 2019). Narince variety, which is grown in the Tokat
region and forms a large part of the vineyards, has an important place in commercial ivy leaf production.

The most important factors that reduce the yield and quality of grapes in the vineyard areas are the diseases
and harmful factors of the cultivated plant. Among them, virus diseases cause yield losses by affecting crop plants
in varying degrees. Pinot gris grapevine virus (GPGV), one of the important viral diseases of vineyards, is a single-
stranded RNA virus with positive sensitivity, belonging to the genus Trichovirus. It affects the growth of leaves
and fruits of grape plants and is known for its resemblance to the internal necrosis virus of grapefruits. It is a new
virus, which was first detected in Italy in 2012, and the next-generation sequence analysis method is widely used
in the field of plant virology. The entire genome sequence of the Italian isolate GPGV was analyzed and reported
to be very closely related to the internal Grapevine necrosis virus (GINV), which belongs to the genus Trichovirus
(Giampetruzzi et al., 2012). This virus, which has been found mainly in wine grapes in Europe, has so far only
been detected in the table grape variety Tamnara, which causes cluster necrosis symptoms in Korea, except in
Europe (Cho et al., 2013). It is called by this name because it was first detected in the Pinot gris grape variety in
Northern Italy. In the following years, this virus was detected in Korea (Cho et al., 2013), Slovenia (Plesko et al.,
2014), Slovakia, Czech Republic (Glasa et al., 2014), France (Beuve et al., 2015), and Turkey (Gazel et al., 2016)
and records from different countries are reported every year (Saldarelli et al., 2017). GPGV was detected and
recorded in a reverse transcriptase-polymerase chain reaction (RT-PCR) tick assay using specific primers with
grape mite samples known as Colomerus vitis (=Eriophyes) collected from GPGV-infected vines and symptomatic
sites on the leaves. It has been reported to be a possible carrier of this virus (Malagnini et al. 2016).

Grapevine virus A (GVA) is a viral agent occurring worldwide in Vitis species, with filamentous particles 800
nm in length and features showing distinct cross-bands. The virus is a grapevine pathogen that is difficult to
transmit to a very narrow range of herbaceous hosts by inoculation of plant sap, transporting infected material over
medium and long distances, and between plants by vectors of the cochlea. It is also known for the symptoms seen
on the woody part of the vine. Swelling occurs at the graft site, which is seen as rootstock and scion incompatibility.
It causes noticeable stunting in vines (Akbas et al., 2008). GVA has been detected in several countries in the
Middle East, including Syria (Mslmanieh et al., 2006), Jordan (Osman and Rowhani, 2008; Osman et al., 2013),
Egypt (Fattouh et al., 2014), Afghanistan (Digiaro et al., 1999), Lebanon (Haidar et al., 1996), Palestine (Alkowni
etal., 1998; Alkowni et al., 2004), Turkey (Koklu et al., 1998, Balsak and Buzkan, 2021), and other countries such
as Italy (loannou, 1993), Spain (Zabalgogeazcoa et al., 1997), USA (Goszczynski and Habili, 2012), and Portugal
(Digiaro et al., 1999).

Strawberry latent ringspot virus (SLRSV) has a wide host range. It is found among rose, strawberry, peach,
nectarine, mint, cucumber, sugar beet, lettuce, tomato, tobacco, vineyard, and many weed hosts (Murant, 1976).
Within the geographical range of SLRSV, there are most European countries, Israel, Turkey, Canada, the USA,
Australia, and New Zealand (Anonymous, 2020). SLRSV, a nepovirus, is transmitted in nature by the nematode
Xiphinema diversicaudatum (Micol.). The nematode has been determined to carry the virus in both the larval and
adult stages. The virus can also be transmitted mechanically, by graft, and by seeds (Lister, 1964; Murant, 1976;
Lamberti et al., 1986). The virus is known to cause curling and narrowing of leaves, shrubs, decreased yield, and
deformation of fruits and seeds.

Numerous studies have been carried out on grapevines in Turkey; Cigsar (2002) collected and tested a total of
1001 samples to determine the status of viruses and virus-like diseases in the important vineyard areas of the
Southeastern Anatolia Region and Nevsehir province between 1999-2002. Biological and serological diagnostic
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methods were used on the collected samples. The results showed that the most common virus in the region was
GVA (41.2%), followed by Grapevine leafroll-associated virus-1 (GLRaV-1) (38.1%), GFLV (8.1%), and
Grapevine fleck virus (GFkV) (5.4%).

In the study conducted by Deger (2015), samples were collected from 11 vineyards in Hatay and 2 vineyards
in Gaziantep. According to ELISA results, most common viruses were GLRaV-1 (55.56%), GLRaV 4-9 (43.14%),
GLRaV-2 (15.69%), GLRaV-3 (12.42%) and followed by GVA (4.57%) and GLRaV-6 (%0.65). None of the
samples, were found infected with GLRaV- 5, GLRaV-7 and Grapevine virus B (GVB). Based on the RT-PCR
results, tested samples were infected with GLRaV-1, GLRaV-6, GLRaV-3, GVA, GVB and Grapevine virus D
(GVD) at rates 23.94%, 15.38%, 14.77%, 13.64%, %1.26, 1.20%, respectively.

In the vineyard samples collected from Tekirdag province by Kocabag et al. (2019), 43.62% GPGV and 1.04%
Grapevine Syrah virus-1 (GSyV1) were detected. In the samples collected from Hatay province, only 0.9% GSyV1
was detected, and the tested samples were clear in terms of GPGV, GRBaV, and GRLDaV. In the RT-PCR
analyzes of Tekirdag samples for GPGV, when primers that amplify partial coat protein, movement, and replicase
genes were used, PCR products of 411 bp, 302 bp, and 618 bp, respectively, were obtained. As a result of a direct
bidirectional sequence analysis of these products, they reported that the nucleotide sequences of all three gene
regions showed high homology with different GPGV isolates registered in the GenBank.

This study, it was aimed to define the presence of GVA and SLRSV, which were previously reported
serologically in Tokat province, and the presence of GPGV by molecular methods. The presence of the newly
reported GPGV in Turkey in the province of Tokat was tested for the first time in this study.

2. Material and Methods
2.1. Land surveys

In the summer of 2019, surveys were carried out in the vineyard areas in Central, Erbaa, Niksar, Zile, and Pazar
districts, where viticulture is intensive in the province of Tokat. During the surveys, a total of 189 samples were
taken from the young leaves and one-year-old shoots of vines showing virus symptoms in the vineyards. The
collected samples were labeled in polyethylene bags and brought to the laboratory in an icebox and stored in the
refrigerator at +4°C for a short time and at -20°C for a long time until testing. Guided sampling was done during
the surveys, and the number of samples to be taken was determined according to Bora and Karaca (1970),
considering the size of each vineyard.

2.2 Total RNA isolation

Isolation of RNA from collected samples grapevine sites was studied according to Foissac et al. (2001)
protocol. Accordingly, 100 mg of each plant sample was weighed and 1 ml of extraction buffer (6 M guanidine
thiocyanate containing 0.2 M sodium acetate, 25 mM EDTA, 1 M potassium acetate, 2.5% PVP-40, and 1%
mercaptoethanol) was added, crushed in mortars and a new aliquot. After transferring to a sterile tube, 100 ul of
10% sodium lauryl sarcosyl solution was added, and then the tubes were incubated at 70 °C for 10 minutes and
then kept on ice for 5 minutes. After centrifugation in eppendorf tubes at 14,000 rpm for 10 minutes, 300 ul of
supernatant was transferred to a new eppendorf tube containing 150 pl of ethanol, 25 pl of silica, and 300 pl of 6
M sodium iodide. This mixture was then incubated at room temperature for 10 minutes with intermittent shaking.
After centrifuging at 6000 rpm for 1 min, after adding the supernatant, the pellets were washed with 500 ul of
wash buffer (10 mM Tris-HCI containing 0.05 mM EDTA, 50 mM NaCl and 50% ethanol). After centrifugation
at 6000 rpm, it was washed once again with washing buffer and then again subjected to centrifugation at 6000
rpm, the supernatants were removed and the tubes were dried by inverting on blotting paper. Then, 300 pl of
RNase-free distilled water was added to them and incubated at 70 °C for 4 minutes, then centrifuged at 14,000 rpm
for 3 minutes, and the supernatant was transferred into a new eppendorf tube and stored at -20°C until used in RT-
PCR processes.
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2.3 RT-PCR method

2.3.1 Complementary DNA (cDNA) synthesis

The RNAs obtained from the RNA isolated samples were removed from -20, and after incubation in a water
bath at 65 °C for 5 minutes, they were placed on ice and kept on ice for 3 minutes. Complementary DNA (cDNA)
was synthesised using 4 pl of total RNA, 4 pl 5X VS Reaction Buffer, 1 pl VitaScript™ Enzyme Mix, 11 pl
nuclease-free dH2O in a 20 pl volume mix and kept at 25°C for 10 min, followed by 42°C for one hour and finally
85 °C for 5 min.

2.3.2 PCR method

PCR processes were performed with virus-specific primers by using the cDNA which is obtained in the first
step as a template (Table 1).

Table 1. Virus-specific primers, base sequences and binding sites used in the study for GVA, GPGV and SLRSV

Region Expected
TargetVirus/Primer Primer Sequence Amplicon Reference
Length

GVA-F GACAAATGGCACACTACG cp 429bp Minafra et al.,
GVA-R AAGCCTGACCTAGTCATCTTGG 1992
SLRSV-F CCTCTCCAACCTGCTAGACT cp 497 bp Martin et al..
SLRSV-R AAGCGCATGAAGGTGTAACT 2004
GPGV-F GGAGTTGCCTTCGTTTACGA cp — Beuve et al.

GPGV-R GTACTTGATTCGCCTCGCTCA 2015

The PCR temperature cycling conditions were as follows for GVA: initial denaturation at 95°C for 5 min; 35
cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec, and elongation at 72°C for 1 min. The final
cycle was followed by extension at 72°C for 10 min.; for SLRSV; initial denaturation at 95°C for 2 min; 35 cycles
of denaturation at 94°C for 30 sec, annealing at 52 °C for 30 sec, and elongation at 72°C for 30 sec. and the final
cycle was followed by extension at 72°C for 5 min.; for GPGV, initial denaturation at 94°C for 2 min; 35 cycles
of denaturation at 94°C for 1 min, annealing at 59°C for 30 sec, and elongation at 72°C for 1 min. The final cycle
was followed by extension at 72°C for 10 min.

2.4 Agarose gel electrophoresis studies

The PCR products obtained as a result of PCR performed with virus-specific primers were subjected to
electrophoresis at 100 V for 1 hour in agarose gel prepared at a rate of 1.2% and containing 10 mg/ml ethidium
bromide. At the end of the electrophoresis procedure, imaging was performed on the imaging device.

2.5 Phylogenetic Analysis by Maximum Likelihood

For phylogenetic studies, RT-PCR products of 11 isolates of the GVA, which gave positive results at the end
of RT-PCR, were sent to the sequence. The obtained sequences were analyzed with the use of Maximum likelihood
(ML) method in MEGAX computer program. The data were then compared with the reference isolates registered
in the National Center for Biotechnology Information (NCBI) gene bank, and a phylogenetic tree was formed and
the degree of relatedness was compared. Phylogenetic analyses were carried out using the maximum likelihood
program (with 1000 bootstrap replicates) of MEGAX software (Kumar et al., 2018).

3. Results and Discussion
3.1 Survey results

For the study, a total of 189 vine samples were collected from different districts of Tokat in 2019 (Central n=
43, Erbaa n= 36, Niksar n=32, Pazar n=43 and Zile =35) (Table 2).

Symptoms in the samples that were taken; mosaic, yellowing, green veins - yellowing between veins, yellowing
in veins - green color formation between veins, discoloration of veins, vein banding, deformities, redness, green
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main veins of leaves - reddening between veins, necrotic spots, brown spots, mottling, swelling, inward curling of
leaves, fan leaf formation and shrinkage, decrease in fruit set, formation of large and small grains, uneven
coloration, growth retardation and general stunting were observed (Figurel).

—~
o

Figure. 1. Some symptoms types observed in field surveys. a) It was tested for the possibility of multiple infections
and was found to be infected with Grapevine Virus A. b) Positive band was obtained with reddish and yellowish
colors Grapevine Virus A. ¢) The main veins of the leaves are green-reddening between the veins d) Veins green-
yellowing between veins

3.2 RT-PCR Results

As a result of the RT-PCR test performed with GVVA-specific primers GVA 1-F and GVA 1-R, bands of the
expected size (430 bp) were obtained in a total of 81 samples (Figure 2). As a result of the RT-PCR test performed
with GPGV-specific primers GPGV 2-F and GPGV 2-R, a band of the expected size (770 bp) was obtained in
three samples (N-1, N-2, N-22) belonging to Niksar district (Figure 3).

Figure.2. RT-PCR result of some isolates made with a primer specific to Grapevine Virus A. 1, 3,4, 5, 9, 10:
negative samples; 2: N2, 6: N22, 7: T42, 8: U24, 11: negative control, M: 100 bp ladder
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Figure.3. RT-PCR result of N-2 isolate with Grapevine pinot gris virus specific primer. M: 100 bp ladder, 13:
Negative control, 7: N1.

A total of 189 samples taken from Central and its districts were tested for the presence of GVA, GPGV, and
SLRSV viruses. Positive results were obtained in 81 of the 189 grapevine samples tested. Of the total 189 plant
samples tested, 80 (42.32%) were found to be infected with GVA and 3 (1.58%) with GPGV. Mixed infections
with GVA and GPGV were detected in two samples. It was determined that the most common virus in plant
samples collected from Tokat Center and its districts was GVA, followed by GPGV. No sample infected with
SLRSV was detected. The distribution of viruses detected in Tokat vineyard areas by districts is given below
(Table 2).

Table 2. The number of samples collected from the Center and districts of Tokat province and the distribution
of viruses detected in the vineyard areas by districts

Collected and tested Number of Infected

DISTRICT samples Plants GVA GPGV SLRSV
Center 43 14 14 - -
Erbaa 36 25 25 - -
Niksar 32 13 10 3 -
Pazar 43 19 19 - -
Zile 35 12 12 - -
Total infected sample 83 80 3 -
Total samples 189

3.3 Phylogenetic and BLAST analyses results

In the study, phylogenetic analysis of CP sequences of GVA isolates obtained from this study and reference
sequences of isolates available in NCBI databases were constructed.

Sequence information of the GVA CP region from Turkish isolates were submitted to GenBank, with accession
numbers: N2 (OP434321), N22 (OP434322), T10 (OP434323), T2 (OP434324), T42 (OP434325), U29
(OP434326), Z14 (OP434327), Z26 (OP434328), D17 (OP434329), D27 (OP434330), and D7 (OP434331). Asa
result of the phylogenetic analysis performed with the sequence data of the CP region of 11 samples infected with
GVA, the D-17 isolate obtained in the study showed similar branching with the USA isolate, while the other
isolates showed close similarity to China, Portugal, and South Africa isolate and were grouped with Group |
isolates (Figure 4).

The sequence analysis of GVA isolates showed that Turkish GVA isolates showed 82-95 nucleotide and 95-
99% amino acid similarity among themselves and shared 92-99% sequence and 79-99% amino asit (a.a) similarity
with reference isolates from different countries.
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Figure 4. Phylogenetic tree constructed based on the partial nucleotide sequences of the CP gene of new
Grapevine Virus A isolates and reference Grapevine Virus A isolates with the use of Maximum likelihood
(ML) method. Turkish Grapevine virus A isolates are indicated using a black filled circle.

4. Discussion

Although Anatolia is an important grape producer in the world, it has been observed that viticulture has started
to decline in the last 20-25 years. There are various factors among the reasons for this regression. One of them
undoubtedly plants protection problems. Among the plant protection factors, virus diseases, which spread rapidly
with the production materials and show their visible symptoms 4-5 years after the vineyard establishment, have a
separate place and importance. Therefore, it is vital to take the necessary precautions with viruses early. Measures
and determinations to be taken for the development of viticulture, which is done intensively in the province of
Tokat, gain serious importance. Considering the damage caused by virus diseases in the province of Tokat, where
viticulture is common, it is important to determine the presence of virus diseases that will cause damage in the
vineyard areas with this study. Because, in the fight against viral diseases, it is primarily the identification of the
viral agent.

GVA is a worldwide viral pathogen associated with Kober stem grooving and Shiraz diseases (Minafra et al., 2017).
It causes grapevine stem pitting disease and noticeable stunting in grapes (Akbas et al., 2008), and also is often
associated with GLRaV in the field (Sabanadzovic, 2009). In our country where viticulture is common, the damage
caused by virus diseases should not be ignored. Detection of its existence and measures to be taken are important to
eliminate these adverse conditions.

In a study conducted by Sogukdmerogullar1 (2017), prevalence of GVA and GVB was investigated in
autochthonous grape varieties throughout vineyards of TRC 1 region (Gaziantep, Adiyaman, Kilis) by serological and
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biological methods. Total of 66 leaf and shoot samples from Gaziantep (5), Adiyaman (7) and Kilis (54) were tested
for GVA and GVB in DAS-ELISA and Double antibody sandwich indirect (DASI-ELISA). Prevalence of GVA was
16 % at Adiyaman, 24 % at Kilis and 20 % at Gaziantep. GVA could not be detected in the samples taken from
Adiyaman and Gaziantep, but it was found to be around 11.54% in Kilis.

In previous studies, CP sequence information of GVA has been reported by different researchers (Minafra et al.,
1994; Anfoka et al., 2004; Alabi et al., 2014; Goszczynski et al., 2008; Goszczynski and Habili, 2012; Moradi et al.,
2018). Firstly, GVA isolates have been grouped into three groups including I, I, and 111 by Anfoka et al. (2004) and
Goszczynski and Habili (2012). After, Alabi et al. (2014) reported that based on phylogenetic analysis of CP sequences
of GVA isolates collected from different wine grape cultivars, the GVA isolates were divided into four major clades:
groups I, 11, 111, and V. Balsac and Buzkan investigated molecularly the prevalence and genetic variability of GVA in
autochthonous grapevine cultivars based on the analysis of its CP gene in two important grape regions: Eastern
Mediterranean (EM) and Southeast Anatolia (SEA). they reported that RT-PCR revealed a high infection rate of GVA
in two major viticultural areas, and high nucleotide and amino acid sequence similarity were seen between the Turkish
GVA isolates and the reference isolates in group I and Il. In this study, Turkish GVVA isolates except for one isolate
(D17) were grouped into group I, which include many isolates from different countries such as the USA, Macedonia,
Iran, and China. The D17 isolate was grouped into new subgroup 1V, which consists of USA, China and Greece
isolates. According to the results of the phylogenetic analysis of CP sequences, Balsak and Buzkan (2021) reported
that GVA isolates and cultivars in the same location were not phylogenetically related. Similary in this study, one
isolate (D17) showed phylogeneticly difference from others.

In another study, Ciftci et al. (2015) in the spring and autumn of 2014, they conducted field studies in grape growing
areas in the Eastern and Southeastern Regions of Turkey. They were collected a total of 87 specimens in the spring and
123 specimens of vines showing signs of the virus in the fall and, were tested by using DAS-ELISA for the presence
of GLRaV-1, GLRaV-2, GLRaV-3, GLRaV-4, GLRaV-5, GLRaV-6, GLRaV-7, GLRaV-9, Grapevine fanleaf
nepovirus (GFLV), GFkV, GVA, Raspberry ringspot nepovirus (RpRSV), SLRSV, Tomato black ring nepovirus
(TBRV), Arabis mosaic virus (ArMV), and also PCR was performed for Grapevine red blotch-associated virus
(GRBaV) using the primer pairs designed in the study. The most common virus was GFLV (6.66%), followed by
GLRaV 4-9 (3.80%), GLRaV 1+3 (3.81%), GFkV (1.43%) and GVA (0.95%).

Gazel et al. (2016) collected eighteen suspicious samples with leaf deformation and mottling symptoms that
reduced fruit yield and quality and applied the RT-PCR test for GPGV. As a result of the test, they obtained the first
report of GPGV in the grapevine in Turkey. The presence in the province of Tokat of GPGV, which newly reported in
Turkey, was tested molecularly for the first time in this study but sufficient PCR product could not be obtained for the
sequence analysis. More detailed studies are planned for the future.

In another study conducted by Turkmen (2020), shoots and leaves were collected from 418 vine plants in 2017
from vineyards in Amasya, Corum and Tokat, and were investigated for the presence of GFLV and GPGV using RT-
PCR methods. At the end of tests, the highest infection rate for GFLV was found in Tokat province, followed by
Amasya and Corum provinces at rates 48.45%, 24.32%, 13.18%, respectively. GPGV was detected only in Amasya
and Tokat provinces at a rate of 8.11 % and 10.55 %, respectively. Based on the phylogenetic trees, all the GFLV
isolates obtained in the study and 12 Iranian isolates have high similarity. According to sequences of movement protein
region of all GPGV isolates obtained in this study, 3 other Turkey isolates and 2 Czech Republic isolates showed the
highest similarity. On the other hand, according to coat protein sequences of GPGV isolates were closely grouped with
the other Turkish isolates and Slovakian isolates. In the study, sequence results of GPVV isolates, which were positive
as a result of RT-PCR, could not be obtained in the study, and it is planned to be done again in the future.

Although no infected samples were detected in the study of SLRSV, the risk of spreading in the region is high. For
this reason, it is necessary to take measures to prevent the spread of viral factors and to raise the awareness of producers
on this issue. It is also necessary to fight against vector nematodes that play a role in the transmission of this factor.
Since other viruses, which are the subject of research, are carried by crustacean lice and mite species, it is necessary to
fight vector insects.

5. Conclusions

In conclusion, viruses cause deformations in vine leaves and decrease in leaf quality, as well as damage to fruit.
Chemical control against plant virus diseases cannot be eliminated like the fight against insects and fungal diseases.
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For this reason, care should be taken to ensure that grafting materials such as scion and rootstock, which play an
important role in the spread of GPGV, GVA, and SLRSV agents, are free of viruses, and more importance should be
given to the necessary precautions in seedling production. Producers should be made aware of using certified vine
samplings. Since GVA and GPGV viruses are transmitted by mechanical means, tools and equipment used in vineyards
should be disinfected and protective measures should be taken in the struggle, especially infected vines should be
removed. It is important to use molecular methods for the identification of GVVA-infected and non-infected vines. In
this study, phylogenetic analysis of Turkish GVA isolates was performed for the first time.
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Abstract

The lack of suitable land (S1) for oil palm plantations is the reason for the current use of marginal land (S3) in oil
palm plantations, both for companies and smallholders. Peat swampland has good potential if the care and
fertilization of plants is carried out according to the standards according to the conditions of the land. Peat
swampland has high acidity, and land conditions are often flooded. Application of fertilizer in a timely manner
and the right dose is one of the keys to the success of oil palm plantations. This study aimed to determine the effect
of the frequency of fertilizer application on the nutrient content of oil palm leaves. There were three fertilization
treatments, namely 1) 0.6 kg/tree was applied once a month, 2) 1.8 kg/tree was applied once per three months, and
3.6 kgltree was applied once per six months. Data were analyzed using a completely randomized design. The
results showed that the frequency of fertilization significantly affected the nutritional content of oil palm leaves.
The average nutrient content of fertilization with a frequency of six months has the lowest nutrition compared to
other frequencies. The best frequency of fertilization is 0.6 kg/tree, which is applied every month. Fertilization on
peatlands that is carried out regularly and in a balanced dose is more important than the application of high doses
of fertilizer with a long frequency of fertilization. This is related to palm oil feeding root distribution, which is
limited to a swamp depth of 0-60 cm.
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1. Introduction

Peat swampland in Indonesia is quite extensive, reaching 20.6 million ha or 10.8% of Indonesia's land area.
Most of the peat swampland is located on four large islands: Sumatra 35%, Kalimantan 32%, Sulawesi 3%, and
Papua 30% (Wetland International, 1990). Naturally, peat swamps always experience inundation so their use for
crops can be done by lowering the groundwater level. It is also intended that the plant roots above it are not flooded
to absorb nutrients more optimally. Peat swampland has a low pH, so the absorption of nutrients Nitrogen,
Phosphorus, Potassium, Magnesium in plants is not optimal (Amirrullah et al., 2017). However, with proper
handling, this marginal land can be developed into agricultural land. One of them is oil palm plantation land. The
use of peat swampland for oil palm plantations is increasing in Southeast Asia (Charters et al., 2019). This marginal
land use is also due to the increasingly limited mineral land for oil palm plantations. The use of marginal land for
oil palm development is carried out by companies and smallholders (Anamulai et al., 2019).

Basically, oil palm plants can grow on peat swampland that is poor in nutrients. However, fresh fruit bunches
(FFB) production depends on land and plant management. According to (Mangoensoekarjo and Semangun, 2003),
FFB production will decrease by 20% if planted on peatland. Just like other plants, oil palm plants need adequate
nutrients for vegetative and generative growth. The research results by (Matana and Mashud, 2015) indicated that
the response of oil palm plants to fertilization was different for each type of plant.

Oil palm plants need to macro plant nutrient elements such as Nitrogen, Phosphorus, Potassium, and
Magnesium. The research results by Nurhayati et al. (2016) showed that the application of macro and micro
fertilizers in tidal land with a dose of 5 kg macro + 5 kg micro per tree resulted in FFB production of 30.62
tons/halyear. Thus, applying the right fertilizer on marginal land will also be able to produce good production. In
addition to the dose, the frequency of fertilizer application also significantly affects the vegetative growth of oil
palm plants. The frequency of fertilizer application often shows good vegetative development (Hayata et al., 2018;
Syafitri et al., 2007). Previous research has shown that fertilization increases significantly yields in forage and dry
matter in both floodplain and grassland areas (Altin et al., 2010).

The need for macronutrients in oil palm plants increases according to the age of the plant (Henson and Dolmat,
2003). However, the absorption of nutrients in plants depends on land conditions (Chrisye, 2020; Fajarditta et al.,
2012). In bad situations, if the absorption of plants lacks nutrients, there will be an abortion of female flowers or
the formation of many male flowers. If female flowers are reduced, then production will decrease. So a different
technique is needed so that the nutrients can be absorbed properly. One of them is the frequency of fertilizer
application. Good nutrient absorption will be seen from the nutrient content in the leaves. Thus, this study is
expected to determine the frequency of the most good fertilizer application for oil palm plantations in peat
swampland.

2. Materials and Methods

This research was conducted on 5 year old oil palm plants. This study was an experimental study using a
completely randomized design (CRD) with 3 treatments with fertilization frequency repeated 5 (five) times. The
fertilizer used is a compound fertilizer (NPKMg) containing 12% Nitrogen, 12% Phosporus, 17% Potassium and
2% Magnesium. The treatments given were A) a dose of 0.6 kg/tree once a month B) a dose of 1.8 kg/tree every
3 months and C) a dose of 3.6 kg/tree every 6 months. The analysis of the significant difference test between
treatments used the T test by comparing the data before and after the treatment.

3. Results and Discussion

Table 1 is the result of analyzing the nutritional content of oil palm leaves after fertilization treatment based
on frequency (fertilization time). According to Fairhurst and Mutert (1999), nutrients in oil palm leaves are
categorized as deficiency if Nitrogen < 2.3%; Phosphorus < 0.14% ; Potassium < 0.75% and Magnesium < 0.20%.
The data in Table 1, when compared with the standard nutritional content of oil palm plants, showed potassium
deficiency in all experimental plants, both at the frequency of fertilization every month, three months and every
six months. However, in magnesium nutrition, all experimental plants had sufficient nutrients. When viewed as a
whole and the average nutritional content, fertilization carried out at a frequency of six months has the lowest
nutritional value compared to other frequencies.
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Table 1. Results of laboratory analysis of nutrient content in leaves after treatment

% Nutrition

Frequency Nitrogen Phosphorus Potassium Magnesium
2.26% 0.15 0.30* 0.62
2.69 0.18 0.26* 0.38
1 month 2.96 0.12* 0.20* 0.50
2.78 0.17 0.46* 0.47
243 0.16 0.54* 0.62
Average 2.62 0.15 0.35 0.51
2.43 0.16 0.66* 0.53
2.54 0.16 0.69* 0.50
3 Month 2.68 0.17 0.62* 0.63
2.65 0.18 0.69* 0.52
2.60 0.18 0.69* 0.52
Average 2.58 0.17 0.67 0.54
2.44 0.15 0.44* 0.63
2.55 0.16 0.36* 0.47
6 Month 2.15* 0.14* 0.64* 0.50
1.90* 0.12* 0.31* 0.58
1.67* 0.15 0.46* 0.31
Average 2.14 0.14 0.44 0.49

The sign (*) indicates low nutrition when compared to nutritional standards in oil palm plantations
Analysis Nitrogen used Kjedahl with Spectrophotometer

Analysis Phosphorus used Dry ashing # HNO# with Spectrophotometer

Analysis Potassium used Dry ashing# HCI # with AAS

Analysis Magnesium used Dry ashing# HCI # with AAS

Table 2. Significant difference test of fertilizer frequency

% Nutrition

Frequency Nitrogen Phosphorus Potassium Magnesium
1 Month 2.624 0.156 0.352 0.518
3 Month 2.580 0.170 0.670* 0.540
6 Month 2.142* 0.144 0.442 0.498

* : there is a significant difference in the frequency of fertilization on the nutrient content in the LSD significant difference test (o = 5%)

Based on the results of the t test analysis (Table 2), shows that the effect of fertilization frequency on the
nutrient content of oil palm leaves. The analysis results showed that there was a significant effect on the frequency
of fertilization on the nutrient content. Significant differences occurred in nitrogen nutrition in the frequency of
fertilization every six months. Meanwhile, the potassium nutrition was significantly different in the frequency of
three months of fertilizer. Overall, the best nutritional value occurred at the frequency of fertilization carried out
per month.

Fertilizer application on S3 land should use compound fertilizer at a 6 kg/tree/year (Goh and Buloh, 2005;
Mangoensoekarjo and Semangun, 2003; Sakata et al., 2015). The chemical and physical properties of the soil
affect the absorption of nutrients in plants. According to Borng et al. (2019) and Rehman et al. (2020), the soil's
grip that can hold water can increase the absorption of good nutrients for plants so that their growth is better.

Tables 1 and 2 show that the frequency of fertilization once a month is considered to have better nutrition than
other treatments. According to Goh and Buloh (2005), Mangoensoekarjo and Semangun (2003), and Noviana and
Ardiani (2020), regular fertilization on peatlands and balanced doses is more important than the application of
high amounts of fertilizer with infrequent fertilization frequency. This is because the distribution of palm oil
feeding roots is limited to a depth of 0-60 cm.

N levels in peat soils are relatively high ranging from 1% - 2% due to weathering of plants that become an
organic matter on the top of the soil (Noor, 2016). However, the addition of N fertilizer is still recommended with
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the right dose and frequency. In general, the peatlands in the study area have an acidity (pH) of 4-5.5. This can
result in inhibited absorption of very low potassium nutrients. Based on research (Ollagnier, 1987; Roca and
Vallejo, 1995; Romheld and Kirkby, 2010) high Ca content in soil results in low plant response to K fertilization.
In addition, chemical fertilizers are very important for high and economical yield levels (Turhan and Ozmen, 2021).

4. Conclusions

The frequency of fertilization applied to peatlands significantly affects the nutrient content of oil palm leaves. The
average nutrient content of fertilization with a frequency of six months has the lowest nutrition compared to other
frequencies. In contrast, the best nutrition is found in fertilization with a frequency of once a month. It is recommended
that fertilizer application on S3 land be carried out routinely and balanced compared to the application of high doses
of fertilizer with infrequent frequency (6 months).
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Comparative Investigation of Drying and Quality Characteristics of Organic and
Conventional Black Carrots Dried by Intermittent Microwave and Hot Air*

Kesikli Mikrodalga ve Sicak Hava ile Kurutulan Organik ve Konvansiyonel Siyah Havuglarin
Kuruma ve Kalite Ozelliklerinin Karsilastirmali Olarak Incelenmesi

Aysel ARSLAN™, Yurtsever SOYSAL?, Muharrem KESKIN?
Abstract

The quality of agricultural crops is influenced by growing conditions and post-harvest processes, including drying.
Moreover, the total phenolic and total antioxidant content in the product's structure and composition can be either
positively or negatively affected by the heat treatments applied during drying. Additionally, the specific growing
conditions and methods of water removal can lead to the development of distinct drying characteristics. There was
no study comparing the drying kinetics and quality parameters of organic (OBC) and conventional (CBC) black
carrot in the literature studies. In this study were aimed that mathematically modelling the drying kinetics for OBC
and CBC with IMW (150, 300, 450 W) and HA (60, 70, 80°C), determining their differences and evaluating the
effects of methods on quality properties. The results showed that L* and AE values of the final products increased
significantly by increasing the power and temperature levels applied during drying and the powder samples were
lighter in color compared to the fresh samples. The total phenolic and total antioxidant capacity values were higher
in fresh OBC samples compared to the conventional variety. This result shows that OBC is superior to the CBC
in terms of higher total phenolic and total antioxidant content. The activation energy (E,) values of OBC and CBC
dried by IMW and HA were calculated as 8.41x1073; 8.40x10° Wg™ and 25.50; 19.72 kJ mol, respectively. The
Logistic and Verma were the best fit models for describing IMW and HA drying kinetics, respectively. The
samples obtained with IMW drying, which resulted in a shorter drying time, were more effect in terms of
preserving and increasing the total phenolic and antioxidant content compared to dried samples with HA. The
results showed that that the temperature/power levels applied to the products during the drying process, thus the
drying times and the methods of removing moisture from the product are effective in the preservation of the total
phenolic components.
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Arslan & Sosyal & Keskin
Comparative Investigation of Drying and Quality Characteristics of Organic and Conventional Black Carrots Dried by Intermittent Microwave and Hot Air

Ozet

Tarimsal tirtinlerin kalitesi, yetistirme kosullarindan ve kurutma gibi hasat sonrasi iglemlerden etkilenebilir, ayrica
iiriin yapisindaki toplam fenolik ve toplam antioksidan igerigi ve bilesimi de kurutma sirasinda uygulanan 1sil
islemlerden olumlu veya olumsuz yonde etkilenme potansiyeline sahiptir. Ayrica, yetistirme kosullar1 ve suyun
iiriinden uzaklastirilma sekli farkli kuruma 6zelliklerinin gelismesine neden olabilir. Literatiir ¢aligmalart arasinda
organik (OBC) ve konvansiyonel (CBC) siyah havucun kurutma kinetigi ve kalite parametrelerinin karsilastirildig
bir ¢alismaya rastlanmamistir. Bu ¢calismada, OBC ve CBC materyallerinin kesikli mikrodalga (IMW) (150, 300,
450 W) ve sicak hava (HA) (60, 70, 80°C) yontemleri ile kuruma kinetiginin matematiksel olarak modellenmesi,
farkliliklarinin belirlenmesi ve yontemlerin kalite 6zelliklerine etkilerinin degerlendirilmesi amaglanmistir.
Sonuglar, kurutma sirasinda uygulanan gii¢/sicaklik seviyelerinin artmasiyla nihai tirtinlerin L* ve AE degerlerinin
onemli Olgiide arttigin1 ve toz numunelerin taze numunelere gore daha agik renkli oldugunu gostermistir. Taze
OBC orneklerinde toplam fenol ve toplam antioksidan kapasite degerleri konvansiyonel geside gore daha yiiksek
bulunmustur. Bu sonug, OBC'nin toplam fenolik ve toplam antioksidan igerigi agisindan CBC'den daha {istiin
oldugunu gostermektedir. IMW ve HA ile kurutulan OBC ve CBC'nin aktivasyon enerjisi (Ea) degerleri sirasiyla
8.41x10%; 8.40x10-3 Wg* ve 25.50; 19.72 k] mol olarak belirlenmistir. Logistic ve Verma modellerinin, sirasiyla
IMW ve HA kurutma kinetigini tanimlamak i¢in en uygun modeller oldugu saptanmigtir. Daha kisa kuruma siiresi
ile sonuglanan IMW kurutma ile elde edilen numunelerde, HA ile kurutulmus numunelere gore toplam fenolik ve
antioksidan igerigin korunmasi ve arttirilmasi daha etkili olmustur. Sonuglar, kurutma iglemi sirasinda iiriinlere
uygulanan sicaklik ve giic seviyelerinin, dolayisiyla kuruma siirelerinin ve iriinden nemi uzaklastirma
yontemlerinin toplam fenolik bilesenlerin korunmasinda etkili oldugunu gostermistir.

Anahtar Kelimeler: Kurutma kinetigi, Aktivasyon enerjisi, Modelleme, Toplam fenolik, Antioksidan kapasite.
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1. Introduction

Drying, which is also classified as a food preservation method, can be defined as the process of removing
excess water from the product, which causes the development of negative properties in the products after a certain
period of time. The way of water removed from food products (Esturk et al., 2011), drying methods (Soysal, 2004),
drying temperature or power levels (Arslan, 2021), growing conditions of products (Asami et al., 2003; Arslan et
al., 2020a; Guilherme et al., 2020), maturity stages (Soysal et al., 2018), thickness (Sadin et al., 2014), air flow
rate (Veli¢ et al., 2004), drying time (Soysal, 2004; Arslan et al., 2021), properties of the material, freshness and
many other factors causes the development of different quality characteristics in final products. Determining
drying conditions that affect the quality of the final products as positively or negatively and to verify the
effectiveness of the conditions with experimental methods are important.

By using modern drying methods, a higher quality and more valuable final products in terms of health is
obtained compared to traditional methods (Soysal, 2004). In hot air (HA) drying, there is a gradual transfer of heat
from the material surface to the interior due to the temperature difference between the hot surface and the colder
interior of the material (Arslan et al., 2020b). In the microwave (MW) drying method, the electromagnetic field
affects the whole material and the water molecules in the material are directly targeted (Soysal et al., 2006), thus
a selective heating is performed resulting in a shorter drying time. As a result of the application of continuous MW
energy, some negative quality characteristics such as burns in the material and hardening on the product surface
(Soysal, 2004) develop as a result of high temperature/power applied to the dried material. With intermittent
microwave (IMW) drying, the development of undesirable properties is reduced and more homogeneous heat and
mass transfer is allowed (Soysal, 2009).

The cultivation of agricultural practices can affect the phytochemical content, structure, taste, aroma, color and
thus drying properties of the products (Asami et al., 2003; Keskin et al., 2021a; Arslan, 2022). Bickel and Rossier
(2015) reported that organic products are more nutritious than conventional varieties. Guilherme et al. (2020)
stated that chlorogenic acid, caffeic acid and rutin were found in higher levels in red organic peppers. Arslan (2021)
reported that organic black carrot (OBC) as fresh and dried by IMW are superior to its conventional (CBC) variety
in terms of total phenolic and total antioxidant capacity. Phenolic compounds in fruits and vegetables are natural
antioxidants that have the ability to reduce and remove the negative properties of free radicals (Sonmezdag, 2015).
During the application of heat treatments, the nutritional value of the food decreases significantly due to the
destruction of heat-sensitive phenolic components (Choi et al., 2006). However structure and composition of the
foods and the applied heat treatments may cause an increase or decrease in the amount of phenolic compounds
(Sakac et al., 2011), antioxidants (Meral, 2016) and color (Aktas et al., 2013; Keskin et al., 2019; Arslan et al.,
2023) properties. Keskin et al. (2021b) found that the highest amounts of phenolic were in the black carrot samples
dried by HA and IMW compare to freeze drying. Therefore, evaluating of the effects of drying methods and applied
temperature/power levels on the total phenolic compounds naturally found in food and the total antioxidant
capacity are important.

Black carrot (Daucus carota L. ssp. sativus var. Atrorubens Alef.) commonly is used in powder form as a
colouring additive, dietary fiber source, phenolic and antioxidant component of different dried and liquid products
(Janiszewska et al., 2013) and have a high potential as a food colorant due to their low toxicity (Ersus & Yurdagel,
2007). The quality of black carrot obtained by applying various cultivation methods such as organic or
conventional is likely to be affected by these conditions. Therefore, it may be beneficial for the sector to
determining the drying resistance of the product types for the same drying power/temperature and to determine
the effects of these conditions on product quality. Further, evaluation of the effects of drying methods on drying
kinetics, quality and color parameters can be useful in terms of predicting of final product quality. In the literature
studies, there was no studies comparing the drying kinetics, color parameters and quality of OBC and CBC of
dried by IMW and HA drying methods. Therefore, this study was carried out to evaluating effects of drying OBC
and CBC samples at different power and temperature levels with IMW and HA, their drying kinetics, moisture
diffusion characteristics, mathematical models, effects on color, total phenolic and antioxidant capacities. This
study is the first research in literature which the drying characteristics and pre- and post-drying quality parameters
of organic and same variety conventional black carrots are examined.
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2. Materials and Methods

2.1. Black carrot samples

OBC and CBC samples (Eregli local cultivar) were obtained from open field conditions (Eregli, Konya Turkey)
(37.7458°N, 33.9254°E). Harvested samples were classified according to their size and color properties, they were
stored in the refrigerator at +4°C until drying stage. The initial moisture content determined by standard oven method
(103°C for 24 h) of the OBC and CBC samples were about 87.8% and 88.1%, respectively.

While preparing the samples for the drying stage, they were firstly washed with tap water, removed moisture with
filter paper and grated by using a grater to provide a certain thickness level (Tefal, MB753538). The samples were
spread homogeneously on the glass table (diameter: 30 cm, mass: 1150 g) surface and the product mass was adjusted
as approximately 250 g. Average half layer thickness of the samples over the glass tray surface (6.4+0.50 mm) and
average grated material slice thickness (1.4+0.13 mm) were measured.

2.2. Intermittent microwave drying process

A lab-scale (MD 1605, Beko, Istanbul, Turkey; nominal power: 2.45 GHz, 900 W) microwave oven was used in
the IMW drying experiments (Actual power: 735.8+£8.12 W; the size of MW oven cavity: 22x35x33 cm). The
experiments were carried out by varying the IMW open (Ton) and close (Tos) times at different power levels (150, 300
and 450 W) and controlled by a Programmable Logic Controller (PLC) according to the method applied by Arslan et
al. (2020a) (airflow speed: 1.5 ms™1).

2.3. Hot air drying process

The HA consists of three main units, an electrical resistance based air heater, a radial fan and a drying chamber.
With the software created by using the Arduino UNO card, the heating resistors were automatically turned off when
the temperatures in the cabinet exceed the determined level (60, 70, 80°C) and automatically turned on when the
temperature falls below the determined temperature levels, and the determined drying temperatures are obtained
(airflow speed: 1.25 - 1.50 ms™?).

The drying procedure was repeated five times at each of the three IMW power (OBC: 15; CBC: 15) and temperature
(OBC: 15; CBC: 15) levels, and a total of 60 drying experiments were performed.

Digital balance (Sartorius TE3102S Germany, 3100, accuracy: 0.01 g) was placed under the rotating glass tray to
measure the mass of materials and the temperature in each drying method were recorded one minute intervals. All
experiments were lasted when the samples reached a moisture level of about 0.10 kg [H20] kg™ [DM]. Fresh and
dried black carrot samples was given in Figure 1. The dried samples were powdered with an electric grinder
(BlueHouse, BH258CG).

Figure 1. Organic (above), conventional (below) black carrot samples; whole (left) (a), fresh grated samples (b), dried by
intermittent microwave (c) and dried by hot air (d)

2.4. Analysis of color parameters

The color properties of carrot samples was measured with a handheld colorimeter (Minolta CR - 400, Osaka,
Japan) using the CIE L*a*b* color model. The meanings of L*, a* and b* parameters are color brightness, red-
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green and yellow-blue, respectively. The color difference (AE*) and was calculated as according to Soysal et al.
(2018).

2.5. Determining of total phenolic and total antioxidant capacity

The total phenolic content of the samples was determined according to the method applied by Singleton and
Rossi (1965). 1 ml of each sample extract was mixed with 60 ml of distilled water, 5 ml of Folin-Ciocalteu solution
and 15 ml of sodium bicarbonate solution and left for 2 hours at 25°C. Total phenolic content was measured at
765 nm with a UV-VIS field spectrophotometer (Agilent, Cary 60 UV-VIS, USA). The amount of phenolic
compound, which is the gallic acid equivalent of the measured absorption value, was calculated from the equation
of the standard curve prepared with gallic acid. Total phenolic content was calculated in "mg gallic acid/kg".

There are different methods for the analysis of total antioxidant capacity of the samples. Although each method
has advantages and disadvantages, the success of the analysis method to be chosen may vary according to the
material kinds. For example, the DPPH (2,2-diphenyl-1-picrylhydrazil) method; since it is sensitive to light,
oxygen and pollution factors, there may be certain limitations in the use of this method (Mot et al., 2011). Therefore,
the antioxidant activities of the samples were determined according to DPPH and ABTS (2,2'-Azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid) methods.

Evaluating of the antioxidant capacity for DPPH and ABTS were determined at 515 nm (Brand-Williams et
al., 1995) and 734 nm (Saafi et al., 2009) in the UV-VIS field spectrophotometer, respectively. Absorbance values
were calculated with the Trolox standard slope chart and the results were determined in pmol/100g Trolox.

2.6. Mathematical modeling of drying curves

The data were fitted to various drying models to determine the best fitting drying equation. In the evaluation,
the equilibrium moisture content (Me), was assumed to be zero, and the Moisture ratio (MR) were simplified as
M/My (Doymaz and Pala, 2002). The equations of the models are calculated as Arslan et al. (2020a).

Where,
Me: Equilibrium moisture content (kg [H.0] kg™ [DM]),
M: The moisture content at any time during drying (kg [H20] kg™ [DM])
Mo: The initial moisture (kg [H20] kg™t [DM]) correspond to their meaning.

Nonlinear regression models were applied with Sigma Plot (10.0) program (Version 12; Systat Software, San
Jose, CA, USA). The statistical values of R? (the coefficient of determination), RSS (residual sum of squares)
(Equation 1) and SEE (standard error of estimate) (Equation 2) were calculated to select the best models. These
parameters were computed as follows:

RSS=3N,; (MRxp,i-MRpye )? Eq. (1)

N - .
SEE= /Z—Fl N Eq. (2)

In equations; MRexp,i: experimental drying rate and MRyr,i: estimated drying rate and N represents the number
of data.

2.7. Effective diffusivity and activation energy

The effective moisture diffusivity (Der) was calculated with Equation 3 using the second Fick's diffusion
equation given below (Crank, 1975):

MM,

MR=

_ 8 yw 1 (2i+1)*m*Deg t
MoM, e 2i=0 irny SXP [ 412 ] Ea. (3)

In equation, Desr, L, i and t values represent the effective moisture diffusivity (m?s?), half thickness of the
samples layer over the glass tray surface (m), positive integer and time (s), respectively. Equation 3 is simplified
as in Equation 4 (Wang et al., 2007):
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t Eq. (4)

8 T[ZDeff
ll’l(MR) P - F
The Dess values, were calculated by plotting experimental In(MR) data against drying time, so the plot provides

a straight line with a slope as K=n?Des/4L2.

In the study, the Dess values, on the ratio of applied IMW power to fresh sample mass were characterized with
an Arrhenius-type exponential model Equation (Dadali et al., 2007) (Equation 5) for IMW method.

Defszoexp('Ea m/Pa) Eq (5)

Where, E, is activation energy (Wg™), P. is applied IMW power and m is mass of initial fresh samples. Then,
the E; was computed from the slope of the Equation 5 by plotting In(Desr) versus m/P,.

The HA temperature dependency of the Dess was predicted by using an Arrhenius type equation (Doymaz and
Ismail, 2011) (Equation 6) for HA method:

Deg=Doexp(-E./RT) Eq. (6)

Where, E, is activation energy (kJ mol), R is the universal gas constant (8.3143x10- kJ mol™?), T is applied
absolute temperature (K). Then, the E, was calculated from the slope of the Equation 6 by plotting In(Des) versus
1T (Ki=E4/R) for HA.

2.8. Statistical analysis

18 Fresh (OBC: 9; CBC: 9) and 60 dried-powdered OBC (HA: 15; IMW: 15) and CBC (HA: 15; IMW: 15)
samples (three power and three temperature levels multiplied by five drying experiments) were included in color
analysis. The effects of drying power and temperature levels on the color of dried-powdered OBC and CBC were
examined with statistical software (SPPS, v.17, IBM, NY, USA) using one way of variance (ANOVA) and the
means compared with Duncan’s test (p<<0.05).

The effect of drying power and temperature levels on the total phenolic (OBC: 3, CBC: 3) and total antioxidant
(for DPPH and ABTS) capacity results of dried 6 OBC (HA: 3; IMW: 3) and 6 CBC (HA: 3; IMW: 3) were
examined with ANOVA and their means compared with Duncan’s test (p<0.05). Fresh OBC and CBC samples
results of total phenolic and total antioxidant capacity were compared with the values of dried samples in the same
analysis.

3. Results and Discussion
3.1. Effect of drying methods on color properties

Information of color parameters of OBC and CBC materials, fresh and dried by IMW and HA and after
powdered, are given in Table 1 and Table 2, respectively. The means of L*, a* and b* color parameters of fresh
OBC and CBC were calculated as 25.48+0.48, 4.31+0.87, 0.884+0.28 and 21.35+0.76, 5.15+1.21, 1.91+0.38,
respectively. The mean L* and b* value differences of fresh samples were significant (p<0.001). The color
brightness (L*) and color difference (AE*) values of the final product were increased significantly increasing with
the applied IMW power and HA temperature levels during drying and the dried-powdered samples were lighter in
color compared to the fresh samples (p<0.05). The a* values of samples dried by IMW were significantly higher
than the fresh ones (p<0.05) and decreased with increasing power level. Consequently, statistical analysis showed
that applied temperature and power levels were a crucial factor on color parameters of the powdered carrots. The
color of carrot samples dried at high applied temperature (70, 80°C) and power levels (300 W, 450 W) were
comparatively brighter and more vivid blueness-red and increase of applied temperature levels.

Research findings were compared with literature studies. Similarly, Demiray (2015) determined that the b*
value was significantly affected by the drying methods and conditions during the drying process of carrots
(p<0.05). Polat et al. (2022) investigated that dried by convective and microwave drying on color properties of
black carrot pomace and founded that convective drying resulted in higher L* and AE values but lower a* and b*
values compared to dried samples by MW drying. Contrary to the results of this study, Talih et al. (2017) reported
that the L* of the black carrot powders decreased with applied increasing MW powers. Keskin et al. (2021b)

596



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(3)

founded that HA and IMW drying of black carrot samples resulted in a decrease in the b* value while increasing
the L* and a* values.

Table 1. Color parameters of samples fresh and dried with intermittent microwave powers

Parameters Product Fresh Dried at 150 W Dried at 300 W  Dried at 450 W
L* OBC 25.48+0.48°  36.13+0.60° 37.95+0.41¢ 39.94+0.408
CBC 21.35+0.76  39.51+0.95¢ 41.97+0.50f 44.70+0.459
o+ OBC 4.31+0.872 15.1940.60f 14.4841.04¢f 12.20+0.66¢
CBC 5.15+1.212 13.82+1.01% 12.80+1.25¢ 10.72+1.10°
- OBC 0.88+0.28¢ -0.48+0.40? -0.56+0.17° 4.40+1.29¢
CBC 1.91+0.38¢ -0.38+0.11° 1.71+0.29¢ 7.77+1.80f
AE OBC - 15.42+0.442 16.17+0.70% 16.90+0.36°
CBC - 20.72+0.95¢ 22.50+0.82¢ 25.35+0.60°
Total Phenolic OBC 903.0+0.87°  1246.0+1.17f 1075.9+0.56¢ 1752.5+1.77"
(mg/100g GAE) CBC 865.8+0.58°  732.5+1.842 1205.4+2.29¢ 1346.3+0.729
AA, DPPH OBC 427.4+5.87%  645.5+15.98¢ 462.3+5.02° 664.5+13.01¢
(umol Trolox/100 g) CBC 269.9+0.212  287.1+25.10? 406.1+10.04° 796.5+41.30¢
AA, ABTS OBC 314.3+5.59°  772.3+4.38¢ 734.9435.50¢ 853.3+18.81f
(umol Trolox/100 gy CBC 309.8+13.86° 257.0+15.132 615.942.76¢ 681.0+4.704
Drying Time (min) OBC - 103.0+0.02 50.0+0.0P 35.0+0.0°
CBC - 100.0+0.02 50.0+0.0P 35.0+0.0°

(OBC: Organic; CBC: Conventional; GAE: Gallic Acid Equivalent). Different letters on the same two rows for each parameter
indicate that the difference between the means is significant (p<0.05).

Table 2. Color parameters of samples fresh and dried with hot air temperatures

Parameters Product Fresh Dried at 60°C Dried at 70°C  Dried at 80°C
L* OBC 25.48+0.48° 37.23+0.83¢ 39.38+0.21¢ 41.00+0.44¢
CBC 21.35+0.76% 39.22+0.3049 40.39+0.74¢ 42.91+1.18f
- OBC 4.310.872 14.65+0.46° 13.48+0.74 13.97+0.40%
CBC 5.15+1.212 12.29+0.22° 13.00+0.630 12.75+0.54b¢
- OBC 0.88+0.28¢ 0.49+0.05¢ -0.35+0.13P -1.70+0.052
CBC 1.91+0.38¢ 3.58+0.20f 2.05+0.49¢ 0.95+0.05¢
AE OBC - 15.70+0.802 16.71+0.45° 18.50+0.51¢
CBC - 19.80+0.324 21.10+0.25¢ 23.37+1.21f
Total Phenolic OBC 903.0+0.87¢ 878.2+0.354 1028.4+1.459 1111.9+1.04"
(mg/100g GAE) CBC 865.8+0.58° 517.8+1.282 698.9+4.52° 993.2+1.29f
AA, DPPH (umol OBC 427.2+45.87b¢ 289.0£12.72%¢  330.9+7.21¢ 380.9+4.03¢
Trolox/100 g) CBC 269.9+0.212 297.449.76° 142.3+6.362 495.8+23.699
AA, ABTS OBC 314.3+5.59° 386.5+34.449 424.8+1.84¢ 376.2+0.35¢
(umol Trolox/100g) CBC 309.8+13.86°  247.8+0.42° 193.6+3.042 601.0+16.69
Drying Time (min) OBC - 170.0+0.02 128.0+0.0° 112.0+0.0°
CBC - 170.0+0.02 135.0+0.0° 113.0+0.0¢

(OBC: Organic; CBC: Conventional; GAE: Gallic Acid Equivalent). Different letters on the same two rows for each parameter
indicate that the difference between the means is significant (p<0.05).

3.2. Effect of drying methods on total phenolic and antioxidants
Phenolic compounds are natural antioxidants that have the ability to reduce and eliminate negative properties

of free radicals (Sonmezdag, 2015) also total phenolic compounds are secondary metabolites responsible for the
colour, taste and aroma properties of fruits and vegetables (Meral, 2016).

Total phenoalics content of fresh OBC and CBC samples were calculated as 903 and 866 mg/100g, respectively.
The total phenolic content of OBC and CBC samples dried by applying 150, 300 and 450 W power with IMW
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were 1246, 1076, 1752 and 732, 1205, 1346 mg/100g GAE, respectively (Table 1). Applied all drying power levels
caused an increase in total phenolic content compared to fresh samples. According to the DPPH method, the
antioxidant activity values of OBC and CBC samples dried at 150, 300 and 450 W were calculated as 646, 462,
665 and 287, 406, 796 umol Trolox/100 g, respectively (Table 1). Power of 450 W drying resulted in the highest
antioxidant activity for both product types.

The total phenolic content of OBC and CBC samples dried at 60, 70 and 80°C with HA was found to be 878,
1028, 1112 and 518, 699, 933 mg/100g GAE, respectively (Table 2). The antioxidant activity values of fresh OBC
and CBC samples for DPPH were calculated as 427 and 270 pmol Trolox/100 g (Table 2). In DPPH and ABTS
methods, the highest antioxidant capacity values were determined for OBC samples. According to the results of
this study, it can be said that 80°C drying temperature is suitable for obtaining high total phenolic compound and
antioxidants.

The total phenolic values obtained from the samples dried at 80°C and 150 W power level are close to each
other. It can be said that the reason for this may be related to the fact that the drying times are close to each other
(for OBC and CBC, respectively 80°C: 112-113 min; 150 W: 103-100 min). It can be said that the drying time
decreased with the applied high drying temperature (80°C) and power (450 W), and accordingly, the final product
color brightness (L*) and color difference (AE) values, total phenolic and total antioxidant values increased
compared to fresh.

During product processing such as heat treatments, antioxidants naturally found in food may be destroyed and
new components with antioxidant activity may be formed (Meral, 2016). The IMW power levels applied during
drying increased the total antioxidant value of the product compared to the fresh ones according to DPPH method.
Similarly, Choi et al. (2006) reported that there may be an increase in the amount of phenolic compounds compared
to fresh ones due to the release of phenolic compounds after heat treatments. Calligaris et al. (2004) stated that the
level and time of the applied heat procedure can change the antioxidant properties. Turkmen et al. (2005) reported
that heat treatments caused a significant increase in the antioxidant activity of broccoli, peppers, green beans and
spinach. Contrary to results of this study, Polat et al. (2022) investigated the effects of drying methods on the
phenolic and volatiles of black carrot pomace and reported that drying reduces the amount of colorless phenolic.
Guilherme et al. (2020) was determined that fresh conventional pepper samples had higher phenolic-antioxidant
levels compared to organic samples.

3.3. Evaluating of drying kinetics

The time-dependent moisture content of OBC and CBC samples dried by using IMW and HA method are given
in Figure 2. Increasing with the applied power and temperature significantly decreased the drying time (p<0.05).
Although there is no distinctive difference in terms of drying OBC and CBC due to may be the material type is the
same, it is seen that the drying methods and the applied power/temperature levels make a significant difference.
Increasing with applied temperature and power levels, the product types demonstrated the same drying resistance
to the same drying methods.

Drying rate tends to be stable in the early stages of the drying process both IMW and HA methods (Figure 3).
The drying process for both OBC and CBC samples occurred mainly in the period of decreasing rate after a short
warm-up period for HA.

The research findings were compared with the literature studies examining the differences between organic
and conventional samples. Similarly, Arslan et al. (2020b) in a similar study compared the IMW drying Kinetics
of organic and conventional pepper, supports this result. Although the IMW and HA drying methods do not reveal
a distinctive difference for the product types, it is clearly seen that the methods affect the way moisture is removed
from the products. With lasted long time drying, heat and power are applied to the products for a longer time and
this may also lead to the development of some undesirable features (Soysal et al., 2006). It can be said that the use
of IMW and 300 and 450 W power levels for drying OBC and CBC samples were more economical in terms of
lasted drying time.
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Figure 2. Moisture ratio change as a function of drying power/temperature of samples dried with intermittent
microwave (IMWD) and hot air (HAD) drying
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Figure 3. Variation of drying rate as a function of moisture content of dried samples by using intermittent
microwave (IMW) and hot air (HA)

3.4. Modeling of drying curves

During the IMW and HA methods, the experimental moisture contents on the basis of dry weight were
converted into humidity ratio (MR) values at different times and fitted against the drying time. In the study, the
formulas and details of the models employed for drying kinetics were presented by Arslan et al. (2020a). For dried
samples by IMW, the best fitting model for both OBC and CBC samples was the Logistic model (Model 7) with
the values for the R? greater than 0.9918, the SEE of lower than 0.0255 and the RSS of lower than 0.0639 (Table
3). But, Verma model, it can be said that more accurate predictions can be made for OBC samples dried at 150
and 300 W compared to the Logistic model. For dried samples by HA, the best fitting model for both OBC and
CBC samples was the Verma model (Model 9) with the values for the R? greater than 0.9975, the SEE of lower
than 0.0142 and the RSS of lower than 0.0223 (Table 3).
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Table 3. Fitting ability of eleven drying models for the intermittent microwave and hot air drying of organic
and conventional samples

Model 'MWDat150W — IMWD at300 W IMWD at 450 W HAD at 60°C HAD at 70°C HAD at 80°C
produt R® SEE RSS R SEE RSS R* SEE RSS R* SEE RSS R* SEE RSS R® SEE RSS
1 0.6230 0.1631 29.439 0.6056 0.1736 15.067 0.6153 0.1849 11.961 0.7887 0.1192 24.145 0.7633 0.1328 22.579 0.7410 0.1422 22.641

2 0.9447 0.0650 0.4316 0.9868 0.0320 0.0503 0.9704 0.0521 0.0922 0.9845 0.0324 0.1776 0.9836 0.0351 0.0012 0.9891 0.0293 0.0954

3 0.7139 0.1480 22.345 0.6971 0.1537 11.570 0.7064 0.1639 0.9129 0.8521 0.1000 16.898 0.8303 0.1129 0.0127 0.8164 0.1203 16.057

4 08165 0.1191 14.326 0.7981 0.1267 0.7711 0.8176 0.1311 0.5672 0.9392 0.0643 0.6951 0.9251 0.0753 0.7146 0.9157 0.0819 0.7374

5 09057 0.0947 0.4214 0.8897 0.1709 13.727 0.9043 0.0964 0.2976 0.9788 0.0380 0.2417 0.9723 0.0460 0.2645 0.9698 0.0492 0.2638

OBC 6 0.9418 0.0667 0.4544 0.9757 0.0435 0.0928 0.9820 0.0406 0.0561 0.9985 0.0100 0.0170 0.9970 0.0150 0.0286 0.9974 0.0144 0.0230
7 09926 0.0239 0.0577 0.9918 0.0255 0.0313 0.9954 0.0208 0.0142 0.9932 0.0215 0.0775 0.9927 0.0235 0.0699 0.9951 0.0198 0.0430

8 08684 0.1014 10.276 0.8576 0.1076 0.5439 0.9888 0.033 0.0349 0.9501 0.0584 0.5704 0.9376 0.0690 0.5952 0.9351 0.0721 0.5672

9 09930 0.0232 0.0545 0.9932 0.0233 0.0261 0.9885 0.0329 0.0358 0.9997 0.0045 0.0033 0.9982 0.0117 0.0174 0.9975 0.0142 0.0223

10 0.8424 0.1098 12.305 0.9017 0.0110 0.0059 0.9774 0.0454 0.0702 0.8814 0.0896 13.555 0.9960 0.0174 0.0385 0.9926 0.0241 0.0645

11 0.8542 0.1062 11.382 0.8443 0.1113 05048 0.8557 0.1166 0.4486 0.9429 0.0623 0.6522 0.8666 0.1005 12.719 0.7410 0.1435 22.642

1 06127 0.1734 30.076 0.6075 0.1800 16.193 0.6124 0.1919 12.889 0.7771 0.1276 27.669 0.7605 0.1273 21.874 0.7786 0.1287 18.724

2 09794 0.0402 0.1603 0.9861 0.0342 0.0572 0.9914 0.0290 0.0287 0.9829 0.0355 0.2128 0.9822 0.0348 0.1626 0.9900 0.0275 0.0849

3 07037 0.1524 23.006 0.6997 0.1590 12.390 0.7026 0.1705 0.9889 0.8395 0.1086 19.923 0.8276 0.1084 15.743 0.8473 0.1074 12.918

4 08067 0.123815.011 0.8066 0.1289 0.7977 0.8179 0.1355 0.6057 0.9341 0.0698 0.8187 0.9189 0.0746 0.7404 0.9408 0.0671 0.5003

5 09003 0.0893 0.7739 0.8967 0.0952 0.4263 0.9034 0.1002 0.3214 0.9760 0.0423 0.2982 0.9677 0.0472 0.2945 0.9814 0.0378 0.1573

CBC 6 09755 0.0439 0.1904 0.9780 0.0430 0.0906 0.9778 0.0466 0.0738 0.9977 0.0130 0.0286 0.9964 0.0158 0.0333 0.9993 0.0070 0.0055
7 09918 0.0255 0.0639 0.9943 0.0222 0.0237 0.9949 0.0226 0.0169 0.9932 0.0224 0.0845 0.9810 0.0361 0.1734 0.9958 0.0180 0.0359

8 09878 0.0313 0.0951 0.9901 0.0295 0.0409 0.9816 0.0437 0.0610 0.9418 0.0658 0.7223 0.9364 0.0664 0.5813 0.9519 0.0608 0.4069

9 09910 0.0267 0.0701 0.9897 0.0298 0.0427 0.9814 0.0432 0.0617 0.9989 0.0088 0.013 0.9994 0.0064 0.0055 0.9985 0.0106 0.0124

10 0.7008 0.1532 23.236 0.9820 0.0389 0.0742 0.9678 0.0561 0.1071 0.9973 0.0141 0.0334 0.9983 0.0107 0.0154 0.9950 0.0194 0.0423

11 0.8456 0.1106 11.989 0.8472 0.1146 0.6302 0.8513 0.1224 0.4944 0.8807 0.0939 14.806 0.9278 0.0704 0.6597 0.8816 0.0950 10.015

(OBC: Organic; CBC: Conventional; HAD: Hot Air Drying; IMWD: Intermittent Microwave Drying.) (Arslan et al. (2020a)
provided the model numbers and names as follows; 1: Newton; 2: Page; 3: Henderson and Pabis; 4: Logarithmic; 5: Midilli;
6: Wang and Singh; 7: Logistic; 8: Two term; 9: Verma; 10: Two term exponential; 11: Diffusion approximation)

Information on the model constant values obtained is given in Table 4 for IMW and HA drying methods. The
drying coefficient (k) increased with increasing with at applied IMW power and HA temperatures.

Table 4. Logistic and Verma model constants of samples dried by intermittent microwave and hot air

Drying Logistic Model Constant Drying Verma Model Constant
Product Power Intermittent Microwave Temperature Hot Air

(W) k a b (°C) k a b
OBC 0.0882  0.0007 0.9678 -0.0022  17.282 -0.0070
CBC 150 0.0949  0.0005 0.9664 60 -0.0023  17.304 -0.0072
OBC 0.1883  0.0005 0.9705 -0.0025 14592 -0.0113
CBC 300 0.1919  0.0005 0.9724 70 -0.0030  12.458 -0.0130
OBC 0.2705  0.0006 0.9763 -0.0055  24.881 -0.0100
CBC 450 0.2852  0.0005 0.9743 80 -0.0038  18.856 -0.0102

(OBC: Organic; CBC: Conventional)

3.5. Effective moisture diffusivity and activation energy

The effective moisture diffusivity (Defr) and activation energy (Ea) values for the OBC and CBC samples dried
with three different IMW powers and HA temperatures were given in Table 5. Des values of OBC and CBC
samples dried by IMW were calculated as ranged from 4.29x10-° to 13.39x10° m?s ! and 4.50x10° to 14.8 x10°°
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m?2s! respectively. No statistically significant difference was observed between the Des values of OBC and CBC
dried by IMW except for 450 W. Des values of OBC and CBC samples dried by HA were found to vary between
2.59x107° to 4.36x10° m?s* and 2.82x10°° to 4.24x10° m?s, respectively, depending on the applied temperature
level. Difference between the Dess values of OBC and CBC dried by applying 60 and 80°C temperature levels was
not statistically significant, but the difference was significant for the samples dried by applying 70°C.

Table 5. Effective moisture diffusivity (Def) coefficients, Activation Energy (Ea) values of samples

: Intermittent Microwave Drying Hot Air
Product Drying Deft Do Ea Temperature Deft Do Ea
Power (W)
(x10° m?s?) (x10® m?s?) (x10-° Wg™) (§©) (x10° m?s?) (x10% m?s1) (kJ mol?)
OBC 150 4.29+0.432 60 2.59+0.238
CBC 4.5040.20° 2.24 8.41 2.82+0.132 331 25.5
OBC 8.62+0.22° 3.76+0.35¢
CBC 300 9.20+0.43" 70 3.22+0.23°
OBC 450 13.39+0.57¢ 2.40 8.40 80 4.36+0.37¢ 3.41 19.72
CBC 14.80+0.95¢ 4.24+0.42¢

Different letters in the same column indicate that the difference between the means is significant (p<0.05). (OBC: Organic;
CBC: Conventional)

The samples dried with IMW have higher Desr, lower the pre-exponential factor of the Arrhenius equation (Do)
and E, values. High MW powers accelerate the water molecules and evaporate faster by increasing the vapor
pressure in the product, thus providing a faster reduction in moisture content corresponding to higher D values
(Thuwapanichayanan, et al., 2011; Darvishi, et al., 2013; Soysal et al., 2009). The D¢ values determined were
different from 10 to 10° m?s™ compared to the black carrot materials used in other studies (Haq et al., 2018;
Talih et al., 2017). The Dess values of the samples dried at 80°C and 150 W are close to each other (for OBC and
CBC, respectively 80°C:4.36 and 4.24 m?s%; 150 W: 4.29 and 4.50 m?s%).

The E, values determine the sensitivity of the diffusivity to temperature. Higher E, also indicates that the
reaction rate is more sensitive to changes in temperature (Turhan et al., 1997; Ma et al., 2017). Low E, values
produce a fast reaction, while high E, values produce a slow reaction (Ma et al., 2017). The E, values obtained
from the slope of the lines as a result of the comparison of the In(Dess) value and the m/P, value for IMW were
calculated as 8.41x10% and 8.40x10* W g* for OBC and CBC samples, respectively. This result shows that the
growing conditions of OBC or CBC dried by IMW did not significantly change the structural properties. OBC and
CBC samples demonstrated the same resistance to moisture carried over from the drying material as a result of
IMW. There are similar studies on the lack of a significant difference in E, values for organic and conventional
samples obtained in the current study (Arslan et al., 2020b).

The E, values of OBC and CBC samples dried by HA were found as 25.50 and 19.72 kJ mol %, respectively.
The Ea values for OBC and CBC samples dried by HA have a significant difference. Growing conditions of OBC
and CBC samples dried with HA significantly was affected the structural properties.

The rate of a chemical reaction generally increases with increasing temperature values (Ma et al., 2017). As
the reaction temperature increases, collisions become more frequent as a result of the increase in the average
molecular kinetic energy and the increase in the number of molecules with kinetic energy exceeding the E, (Ma et
al., 2017). The E, values obtained for the samples dried with the IMW were resulted lower values than the HA.
This may cause of removing moisture from the product as a result of the working principle of the drying methods.

4, Conclusions

This study was carried out to organic and same variety of conventional black carrots dried by using IMW and
HA method and to evaluate the effects of applied power and temperature levels on color and quality properties and
to model the drying Kinetics data mathematically. The samples dried with IMW had higher Dess (4.29-
14.80x10 °m?s?) and values compared to HA (2.59-4.24x10°m?s). L* and AE values of the final products
increased significantly by increasing the power/temperature levels applied during drying and the powder samples
were lighter in color compared to the fresh samples.
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The total phenolic (OBC: 903.3 mg/100g GAE; CBC: 865.8 mg/100g GAE) and total antioxidant capacity
(OBC: 427.4 pmol Trolox/100 g; CBC: 269.9 pmol Trolox/100 g according to DPPH method) values were higher
in fresh OBC samples compared to the conventional variety. These results demonstrated that OBC is superior to
the CBC in terms of higher total phenolic and total antioxidant content. The total phenolic components, which are
sensitive to heat, were not decrease or increase in parallel with the temperature/power levels applied with the
drying methods so it can say that the phenolic components are affected differently depending on the product type,
the food structure and composition. As a result, it was determined that the temperature/power levels applied to the
products during the drying process, thus the drying times and the methods of removing moisture from the product
are effective in the preservation of the total phenolic components. For this reason, it is important to use appropriate
temperature and power levels for the protection, increase and sustainability of phenolic compounds in terms of
nutritiveness of the products. The total phenolic and total antioxidant capacity values were better preserved with
the IMW method, which requires low E,. Evaluation of other organic samples in terms of drying parameters
compared to conventional will shed light on future studies.
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Tiirkiye Ekonomisinde Tarimsal Enerji Tiiketimi-Ekonomik Biiyiime Iliskisi: Bir Sakh
Esbiitiinlesme Analizi

Agricultural Energy Consumption-Economic Growth Relationship in Turkish Economy: A
Hidden Cointegration Analysis

Murat CETIN?, Servet KAPCAK?", Aycan CAN3

Oz

Enerji ekonomistlerine gore ekonomik biiylime ve kalkinmanin temelinde enerji faktorii yatmaktadir. Bu
yaklagimda enerji tiim mal ve hizmetlerin iiretimi siirecinde olmazsa olmaz bir iiretim faktdrii olarak kabul
edilmektedir. Ayrica kalkinmanin baglangicinda tarimsal faaliyetlerin 6n planda oldugu, tarimdan sanayiye sanayi
sektoriinden de hizmet sektdriine dogru bir yapisal doniigiimiin gergeklestigi bilinmektedir. Bununla birlikte gerek
son yillarda diinya ekonomisinde yasanan gelismeler gerekse tarim sektdriiniin tilkede kilit fonksiyonlar gormesi
nedeniyle pek ¢ok iilke bu sektdriin gelisimine 6zel bir nem atfetmektedir. Tarim sektdriiniin gelisim gostermesi
bu sektor tarafindan kullanilan enerji miktarinin da artirilmasi ihtiyacini giindeme getirmektedir. Enerji
maliyetlerinin giinden giine artig gostermesi tarim sektoriinli zora sokmakla birlikte artan enerji tiiketiminin
tilkenin ekonomik biiyiimesini nasil etkileyecegi bir aragtirma konusu olarak ortaya ¢ikmaktadir. Enerji tiiketimi-
ekonomik biiylime iligkisini arastiran literatiir bu konuyu sektorel bazda nadiren ele almaktadir. Bu baglamda;
tarim sektoriindeki enerji tiiketiminin ekonomik biiylimeyi etkileyip etkileyemeyecegi dnem arz etmektedir. Bu
caligma tarimsal enerji tiiketimi-ekonomik biiytime iliskisini Tiirkiye ekonomisi i¢in 1990-2018 doneminde
arastirmayt amaglar. Degiskenlerin duraganlik analizi i¢in kullanilan ADF ve PP birim kok testi sonuglari
degiskenlerin birinci farkinda duragan hale geldigini ortaya koymaktadir. Degiskenler arasindaki uzun donem
iligkisi yeni nesil testlerden biri olan Hatemi J-Irandoust sakli esbiitiinlesme testi kullanilarak arastirilmaktadir.
Degiskenlerin katsayilari ve nedensellik iligkisi sirastyla FMOLS teknigi ve sakli hata diizeltme modeli ile
incelenmektedir. Bulgular tarimsal enerji tilketimi + bileseni ile ekonomik biiyiime + bileseni arasinda bir
esbiitiinlesmenin varligini1 géstermektedir. Bulgular ayni1 zamanda tarimsal enerji tiikketimi + bilegeni ile ekonomik
bliylime + bileseni arasinda pozitif bir iligkinin varligini isaret etmektedir. Son olarak ekonomik biiylime +
bileseninden tarimsal enerji tiiketimi + bilesenine dogru isleyen tek yonlii bir nedensellik s6z konusudur. Bu
sonuglar, Tiirkiye’nin ekonomik biiyiimesinde tarimsal enerji tiiketiminin etki sahibi oldugunu gostermektedir.
Calisma, Tiirkiye ekonomisinin biiylimesi i¢in tarim sektorii ile iliskili baz1 politika tavsiyeleri sunabilmektedir.
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Abstract

According to energy economists, the energy factor underlies economic growth and development. In this approach,
energy is accepted as an indispensable production factor in the production of all goods and services. In addition,
it is known that agricultural activities are at the forefront at the beginning of development, and a structural
transformation has taken place from agriculture to industry and from the industrial sector to the service sector.
However, due to the developments in the world economy in recent years and the fact that the agricultural sector
plays a key role in the country, many countries attach special importance to the development of this sector. The
development of the agricultural sector brings the need to increase the amount of energy used by this sector. The
increase in energy costs day by day puts the agriculture sector in a difficult situation, and how the increasing energy
consumption will affect the economic growth of the country emerges as a research topic. The literature
investigating the relationship between energy consumption and economic growth rarely addresses this issue on a
sectoral basis. In this context; It is important whether energy consumption in the agricultural sector can affect
economic growth. This study aims to investigate the relationship between agricultural energy consumption and
economic growth for the Turkish economy in the period of 1990-2018. The results of the ADF and PP unit root
tests used for the stationarity analysis of the variables reveal that the variables become stationary at the first
difference. The long-term relationship between the variables is investigated using the Hatemi J-Irandoust hidden
cointegration test, which is one of the new generation tests. The coefficients of the variables and the causality
relationship are examined with the FMOLS technique and the hidden error correction model, respectively. The
findings show the existence of a cointegration between the + component of agricultural energy consumption and
the + component of economic growth. The findings also indicate the existence of a positive relationship between
the + component of agricultural energy consumption and the + component of economic growth. Finally, there is a
unidirectional causality running from the + component of economic growth to + component of agricultural energy
consumption. These results show that agricultural energy consumption has an impact on Turkey's economic growth.
The study can offer some policy recommendations related to the agricultural sector for the growth of the Turkish
economy.

Keywords: Agricaltural energy consumption, Economic growth, Hidden cointegration, Hidden error correction model
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1. Giris

Enerji, ilkel ¢aglardan beri tiim canllarin kullandigi énemli bir faktér olmustur. Uretim ve tiiketim
faaliyetlerinde temel girdi olarak kabul edilmektedir. Modern ekonominin baslangici kabul edilen Adam
Smith’den gliniimiize kadar klasik iktisat¢ilar basta olmak iizere ana akim iktisat¢ilarinin biiyiik bir kismi, bitylime
ve kalkinmanin temel girdisi olarak fiziksel sermaye, emek ve dogal kaynaklar iizerinde durmuslardir. Ancak 19.
yiizyilda kiiresellesmenin de etkisiyle sanayilesmis tilkeler enerjinin iktisadi biiytimenin temel girdilerinden biri
oldugunu fark etmiglerdir. Sanayi devrimiyle enerji ihtiyaci artig gostermistir. Ayrica Birinci Diinya Savasi’yla
devam etmesi ve diger taraftan 1973 ve 1979 yillarinda meydana gelen enerji darbogazi, enerjinin ekonomideki
yerinin fark edilmesinde etkili olmustur (Bayrag, 2010). Enerjinin ekonomideki yerinin fark edilmesiyle birlikte
ekonomi i¢in birinci gii¢ olarak kabul gérmektedir. Enerji sadece ekonomik biiyiimeyle degil ayni zamanda emek,
fiziki sermaye, siirdiiriilebilir teknoloji ve kaynaklarla 6nemli iligki igerisindedir (Rahman ve Bashir, 2015). Enerji,
ckonomik faaliyetlerin ger¢eklestirilmesinde, insan refahinin artiginda hayati bir dneme sahiptir ve siirdiiriilebilir
bir tiretimin gergeklesmesinde itici gii¢ olarak piyasada yerini almistir (Faridi ve Murtaza, 2013).

Tarim sektorii, diger sektorler kadar tilkenin gelisiminde ve insan ihtiyaglarini kargilamada ¢ok 6nemli bir paya
sahiptir. Nifusun gida ihtiyacini karsilamasi ve endiistriyel iiretime girdi temin etmesi bakimindan stratejik bir
oneme sahip oldugu icin ekonomi politikalarinda dnemli bir konum iistlenmektedir. Tarim toplumu déneminde
gecimlik ihtiyaglarin karsilanmasi amaciyla gergeklestirilen tarimsal faaliyetler sanayi devrimi sonrasinda artan
kentlesme egilimine bagli olarak ayni zamanda ticari bir sektor haline gelerek gelisimini devam ettirmistir.
Boylece uluslararast ve ulusal olarak meydana gelen ticaretin yayginlasmasi ve teknolojik ilerlemeler sonucunda
ortaya ¢ikan makinelesme siireci, kiiresel bazda {iretim siirecini etkilemis ve hizlandirmistir. Bu hizli gelisimden
dolay1 tarim sektorii dnemli derecede paymni almistir (Akyol, 2020). Ancak diinya niifusunun siirekli artig
gostermesi tarima elverisli alanlarin ¢esitli nedenlerle azalmasi, 6zellikle gelismekte olan ve geri kalmis tilkelerde
yetersiz beslenme ve aglik sorununa neden olmaktadir (Kuca ve Yagdi, 2021).

Diger sektorlerde oldugu gibi tarimsal {iretimin artmasinda da enerji kullanimi en az makinelesme kadar 6nemli
bir paya sahiptir (Moghaddasi ve Pour, 2016). Teknolojinin hizla ilerlemesi ve kullaniminin yayginlagmasi tarim
sektoriinde de olumlu sonuglar vermektedir (Yegiil ve ark., 2019). Enerji kullanimut ile birlikte iiretim standartlari
yiikselirken; verimlilik diizeyi, tarimsal niifus ve sulanabilir alanlarin arttig, siirdiiriilebilir tarimsal faaliyetlerin
de hiz kazandig1 goriilmektedir. Tarimsal iiretimde enerji kullaniminin belirtilen olumlu etkileri yaninda; kimyasal
giibre ve zirai ilag yapimi ile makinelesmeden Otiirii artan enerji tiiketimi, ¢evre ve insan saghigini tehdit etmeye
baglamistir (Fadavi ve ark., 2011). Geleneksel iiretim siireglerinden modern tarima gecilmesi ticari enerji
kullanimmi hizli sekilde arttirmistir. Bu kontrolsiiz artis beraberinde tarimsal iiretimde kullanilan enerjinin
etkinliginin azalmasini getirmistir (Alipour ve ark., 2012). Modern tarim uygulamalari baglamasi ile mal ve hizmet
hacmindeki artiglar enerjiye olan ihtiyaci artirmig ve enerjinin uluslararasi diizeyde en 6nemli faktorlerden biri
olmasina ortam hazirlamigtir (Moghaddasi ve Pour, 2016).

Tarimda enerjinin etkin ve verimli kullanimi parasal kaynaklarin daha fazla tasarruf edilmesinin yaninda, fosil
yakit rezervlerinin korunmasina ve gevre kirliliginin azaltilmasina katki saglayacagi gibi, siirdiiriilebilir tarimin da
temel sartlar1 ve unsurlarindan birini olusturmaktadir (Mohammedi ve ark., 2008). Diger yandan tarimsal enerji
kullaniminda etkinligin arttirilmasinda girdi miktariin azaltilarak gelirde goreceli olarak artis saglamak veya ¢ikt1
diizeyini arttirmak treticiler ve iilkeler agisindan 6neme sahiptir (Shrestha, 2002). Ayrica tarimsal tiretimde enerji
maliyetleri de tiretkenlik acisindan olumlu ya da olumsuz etkilere sahiptir. Ucuz enerjiye kolay ulasabilen iilkeler
iiretim ve girdi maliyetlerini bu anlamda diisiiriirken enerjiyi daha pahali elde eden iilkeler ise yiiksek iiretim
maliyetleri dolayisiyla zamanla piyasada rekabet giiclinii kaybederek iilke ekonomisine biiyiikk maliyetler
getirmektedirler (Akyol, 2020). Bu sebeple yenilenemeyen enerji kaynaklari yerine ekonomide riizgar, su ve giines
enerjisi kaynaklarindan istifade edilmelidir (Cetin ve ark., 2020).

Caligmada Tiirkiye ekonomisi analiz edilmistir (Tablo 1.) Tiirkiye ekonomisinde 1990-2018 dénemine iligkin
tarimsal enerji tiiketimi ve iilkenin ekonomik bilylimesini temsilen kisi bagma gelir rakamlarini sergiler. 1990
yilinda tarimsal enerji kullanimi 82 terajoule iken 1995°te 111 terajoule, 2000°de 122 terajoule, 2010°da 206
terajoule, 2018’de 183 terajoule olarak gerceklesmistir. 1990-2018 doneminde bazi yillarda dalgalanma
goriilmekle birlikte genelde bir artis trendi kendisini hissettirmektedir. Ekonomik biiyiime &lgiitii olarak ele alinan
kisi basma reel GSYIH degeri 1990°da 5354 ABD dolar1 iken, 1995°te 5782 ABD dolar1, 2000°de 6543 ABD
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dolar1, 2010°da 8491 ABD dolar1 ve 2018°de ise 12006 ABD dolar1 olarak hesaplanmustir. Kisi bagina reel GSYIH
degerlerinin de s6z konusu dénemde bir artig egilimi sergiledigi goriilmektedir. Tirkiye ekonomisine iliskin bu iki
gostergenin 1990-2018 doneminde genelde bir artis trendi yasamasi her iki serinin birbirini etkileyebilecegi
sorusunu giindeme getirmekte ve iki degisken arasinda bir ampirik arastirmanin yapilabilecegini ortaya
koymaktadir.

Tablo 1. Tarum sektirii enerji titketimi ve kigi bagina GSYIH verileri

Table 1. Agricultural energy consumption and per capita GDP data

Tarimsal enerji Kisi basina reel GSYIH

Yillar tiiketimi
(Terajoule) (2015 US dollar)
1990 82 5354
1995 111 5782
2000 122 6543
2001 122 6075
2002 133 6373
2003 122 6644
2004 135 7194
2005 138 7738
2006 147 8173
2007 162 8483
2008 210 8451
2009 197 7942
2010 206 8491
2011 223 9299
2012 185 9586
2013 177 10225
2014 184 10549
2015 156 11006
2016 152 11187
2017 172 11835
2018 183 12006

Kaynak: International Energy Agency (https://www.iea.org/data-and-statistics); World
Bank World Development Indicators (https://databank.worldbank.org).

Yukaridaki degerlendirmeler 1siginda; calismanin temel amaci, tarimsal enerji tiiketiminin ekonomik
biiylimeye nasil bir etkide bulunacagini Tiirkiye i¢in 1980-2018 donemi verilerini kullanarak arastirmaktir. Mevcut
literatiirde enerji tiikketimi ve ekonomik biiylime iligkisini analiz eden pek ¢ok ¢aligma olmakla birlikte tarimsal
enerji tiiketimi ve ekonomik biiyiime ile ilgili ¢caligmalar olduk¢a smirlidir. Bu yoniiyle s6z konusu literatiire
onemli bir katki sunabilecektir. Diger taraftan enerji tiikketimi-ekonomik biiytime iliskisi ilizerine yogunlasan
ampirik caligsmalarin bir diger 6zelligi genelde simetrik iligkileri arastirmasidir. Oysaki ¢alismamizda tarimsal
enerji tiiketimi ile ekonomik biiyiime arasindaki asimetrik iligkiler yani her iki serinin + ve — bilesenleri arasindaki
uzun doénem ve nedensel iliskiler analiz edilmektedir. Bu amaglar dogrultusunda degiskenler arasinda bir uzun
donem iligkisinin olup olmadig1 Hatemi-J ve Irandoust, (2012) sakli esbiitiinlegme testi ile aragtirilmaktadir. Ayrica
degiskenler arasindaki nedensellik iliskisi Granger ve Yoon, (2002) sakli hata diizeltme modeli ile analiz
edilmektedir. Ampirik sonuglar degiskenler arasindaki asimetrik iliskileri i¢erdiginden calisma gelecekteki
calismalara ve politika yapicilarina énemli 6nerilerde bulunabilecektir.

Calismanin bundan sonraki kisimlar1 su sekilde dizayn edilmistir: Ikinci kisimda ampirik literatiire yer
verilmistir. Caligmanin {iclincii kisminda Tiirkiye ekonomisinde tarimsal enerji tiiketimi ve ekonomik biiylime
arasindaki iligskiyi incelemek i¢in ampirik model kurulmus ve veri seti ele alinmistir. Dordiincii kistm metodoloji
iizerinde durur. Besinci kisimda elde edilen ampirik sonuglar tablolastirilmakta ve yorumlanmaktadir. Calismanin
son boliimii olan sonu¢ kisminda ise genel bir degerlendirme yapilarak elde edilen sonuglar ve bu sonuglara gore
uygun politika onerileri sunulmaktadir.
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2. Ampirik Literatiir

Ampirik c¢aligmalar incelendiginde bir grup literatiiriin enerji tiiketimi-ekonomik biiyiime iligkisi {izerinde
durdugu bazi ¢aligmalarin da tarimsal enerji tiiketimi ile ekonomik biiylime arasindaki iligkini arastirdiklari
goriilmektedir.

Kraft ve Kraft (1978), enerji tiikketimi-ekonomik biiyiime iligkisi izerinde duran ilk ¢alismalardandir. Amerika
Birlesik Devletleri ekonomisi i¢in 1947-1974 donemine ait zaman serisi verileri kullanilmaktadir. Bu ¢aligma sz
konusu iliskiyi Granger nedensellik testi ile analiz etmis ve sonug olarak ekonomik biiylimeden enerji tilketimine
dogru tek tarafli bir nedensellie isaret etmistir. Dvoskin (1982), Israil ekonomisini dikkate alarak yaptigi
caligmada Israil tariminin biiyiik bir béliimiin enerjiye bagh oldugu sonucuna ulagmistir. Tarimin bu kadar gelismis
oldugu ve lsrail tarimin %50 sinin kullandig1 enerjiyi sadece su tagimak ve giftliklere su saglamak oldugu bunlarin
tiimiinii elektrik enerjisiyle sagladigini tespit etmistir. Israil hiikiimeti yasanan enerji kriziyle bas edebilmek icin
cesitli enerji politikalarini gelistirme yoluna gitmistir. Bundan dolay: ¢esitli alternatif enerji olan ya da diger ismi
yenilenebilir enerji tiirlerinden faydalanmaya gitmistir.

Karkacier ve ark. (2006), Tiirkiye’de enerji tiiketimi ve tarimsal tiretkenlik arasindaki iligkiyi 1971- 2003 yillar1
arasi donemleri arasini ele alan bir ¢aligma yapmiglardir. Regresyon modeli sonuglari; enerji tiiketimi ile tarimsal
tiretkenlik arasinda yakin ve pozitif bir iligki oldugunu gdstermistir. S6z konusu ¢aligmada ayrica birim tarimsal
alana uygulanacak yakit faktdrlerin tarimda enerji kullanimini arttirict etki olusturacagini tespit etmislerdir. Fuglie
ve ark. (2007), tarimsal iiretimde verimliligi analiz etmislerdir. ABD ekonomisini baz alarak 1948-2014 yillarina
ait veriler kullanmiglardir. ABD de iiretkenligin tarimsal kalkinmanin itici giicti oldugu sonucuna varmiglardir.
Ayrica 1980 yillart sonrasi periyotta sermaye, emek, kimyasallar, toprak ve enerji gibi tarimsal {iretimin temel
faktorlerinde azalma meydana gelmisse de tiretkenlikte artis yasandigini dile getirmistir. Bu donemde tiretimde
meydana gelen artigta tarimsal iiriin fiyatlarindaki artig sinirlandirmastir.

Adom (2011), Gana iizerine yaptig1 caligmasinda enerji tiiketimi ve ekonomik bilyiime iliskisini incelemistir.
1971-2008 donemine ait veriler ile degiskenlerin nedensellik baglaminda yoniinii belirlemek ig¢in Granger
nedensellik testi tercih edilmistir. Yapilan ampirik analiz sonucuna gore; ekonomik bilylimeden enerji tiiketimine
dogru tek tarafli bir nedensellik s6z konusudur. Bu sonug dikkate alinirsa, Gana ekonomisi tizerinde bitylime odakl
enerji hipotezi ya da koruma hipotezinin varlig1 bulunmustur. Sebri ve Abid (2012), tarim ekonomisinde enerjinin
roliine deginmislerdir. Tunus ekonomisini dikkate alarak enerji tiikketimi, tarim sektdrii ve ekonomik biiyiime gibi
degiskenleri kullanarak aralarindaki iliskiyi arastirmiglardir. Calismada 1980-2007 donemine ait veriler
kullanilmistir. Kullanilan Granger nedensellik testine gore enerjinin bilesenleri arasinda (petrol ve elektrik
titketimi) direk bir iligskinin varligr bulunmustur. Ayrica, ticari agiklik ve enerji tiikketimi tarimsal katma degerin
nedenidir. Boylece enerjiden biiylimeye ve ticaretten biiyiimeye dogru Tunus tarim sektoriinde bir nedensellik s6z
konusudur.

Jebli ve Youssef (2015), Tunus ekonomisini dikkate almislardir. Metodolojik olarak Vektor hata diizeltme
modeli ve Granger nedensellik testi, diger taraftan da modelde kisi bas1 diizen karbondioksit emisyonu, ekonomik
bliyiime, yenilenebilir enerji ve yenilenemeyen enerji tiiketimi, ticari agiklik ve tarimsal katma deger degiskenleri
kullanilmigtir. 1980-2014 donemine ait yillik verileri kapsayan caligma kisa donemde kisi bagina diisen
karbondioksit emisyonu ve tarimsal katma deger arasinda, ticaret ile tarimsal katma deger arasinda tek tarafli, uzun
donemde ise yenilenebilir enerji ve yenilenemeyen enerji tiikketimi ve tarimsal katma deger arasinda anlamli bir
iliski oldugu sonucuna varilmistir. Moghaddasi ve Paur (2016), 1974-2012 dénemine ait yillik verileri kullanarak
Solow artig1 ¢ergevesinde tarimsal {iretim ile enerji titkketimi arasindaki iliski incelemislerdir. Cobb-Dauglas iiretim
fonksiyonu tahmininden elde edilen sonuglar; emek, sermaye ve enerji degiskenlerinde meydana gelen %1°lik bir
degisim tarimsal katma degerinde sirasiyla %4.07, %0.09 ve %0.49 bir degisime yol agmaktadir. Bu durum emek,
sermaye ve enerjinin tarimsal katma degerin dolayisiyla tarimsal iretimin onemli belirleyicileri oldugunu
kanitlamaktadir.

Shahbaz ve ark. (2016), 1972-2011 déneminde Pakistan ekonomisini inceleyerek ekonomik biiyiime, tarim ve
modern sektor biiylimesi, finansal gelisme ile enerji tiiketimi arasindaki iligkiyi analiz etmiglerdir. Calismada
ARDL sinir testi ve Granger nedensellik tekniginden istifade edilmistir. Nedensellik testi sonucuna gore genel
ekonomik biiyiime enerji talebinin nedenidir. Diger taraftan modern sektordeki biiylime ile enerji titketimi, finansal
gelisme ile enerji tiiketimi arasinda iki yonlii nedensellige rastlanmistir. Ayrica, enerji tiiketimi tarimsal
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bitylimenin nedenidir. Mirza ve Kanwal (2017), 1971-2009 dénemine ait y1llik veriler ile ekonomik bilyiime, enerji
tilketimi ve karbon emisyonu arasindaki iliskiyi bu degiskenleri modelleyerek Pakistan ekonomisi analiz
etmislerdir. ilk olarak bu degiskenler arasindaki esbiitiinlesme varhigimi tespit etmek icin Johansen-Julius
esbiitiinlesme testi kullanilmistir. Uzun vadeli iliskinin varligi icin ARDL yaklagimina bagvurulmustur. Yapilan
esbiitiinlesme ve nedensellik testi sonucuna gore; degiskenler arasinda esbiitiinlesmenin varligi tespit edilmis,
degiskenler arasinda ¢ift tarafli bir nedensellik iligkinin oldugu agiklanmuistir.

Chandio ve ark. (2019), 1984-2016 donemini kapsayacak sekilde Pakistan ekonomisini aragtirmiglardir. Bu
calismada ARDL yaklagimi kullanilmig, Pakistan tarim ekonomisi {izerinde degigkenlerin uzun donem ve kisa
donem iligkilerine bakilmistir. Calismanin bulgulart gosteriyor ki; uzun ve kisa donemde tarimsal ekonomik
biiylime, gaz ve elektrik tiiketimi tarafindan pozitif olarak etkilenmektedir. Uzun dénemde gaz ve elektrik tiiketimi
elastikiyet katsayilari sirasiyla 0.906 ve 0.421, kisa donemde ise 0.590 ve 0.276 olarak tahmin edilmistir. Tuna ve
Tuna (2019), Asya’nin 5 iilkesi i¢in s6z konusu iliskiyi 1980-2015 dénemine ait yillik veriler kullanarak test
etmislerdir. Modele dahil edilen degiskenler arasindaki iligkiyi arastirmak i¢in Hacker ve Hatemi-J yontemi
kullanilmistir. Elde edilen ampirik sonuglara gore; genel olarak ekonomik biiyiime ve yenilenebilir enerji tilketimi
arasinda herhangi bir nedensellik olmadig: belirlenmistir.

Kahouli (2019), 1990-2015 dénemini kapsayan analizlerinde 34 OECD iiyesi {izerinde durmuslar, panel GMM
tahmin teknigi yardimiyla iki degisken arasinda ¢ift yonlii nedenselligin varligina rastlamiglardir. Altiner (2019),
1971-2014 donemi verileriyle Meksika, Endonezya, Nijerya ve Tiirkiye (MINT)’yi incelemistir. Bir panel veri
analizi niteliginde olan bu c¢alisma enerji tiikketimi ile ekonomik biiylime arasinda bir nedensellige ulasamamustir.
Raeeni ve ark. (2019), tarimsal enerji tiiketimi ile ekonomik biiylime arasindaki iliskiyi analiz eden ¢aligmalara
bakildiginda, iran tarim sektorii iizerinde durmustur. Iran tarimi uzun yillardir enerji faktoriinii yogun sekilde
kullanmaktadir. Bundan dolay1 biiyiime ve ihracat bakimindan 6nemli sonuglar dogurabilecegi belirtilmektedir.
Bu ¢alismada 1967-2015 donemi dikkate alinarak, nedensellik ve esbiitiinlesme analiz teknikleri kullanilmstir.
Calisma enerji tiiketiminden ekonomik biiyiimeye dogru tek tarafli bir nedensellik ortaya koymustur. Diger
taraftan modele dahil edilen ihracat unsuru ile enerji tiikketimi arasinda herhangi bir nedenselligin varlig: tespit
edilememistir. Bagka bir bulguya goére tarim alaninda kullanilan enerji miktarinin %1 oraninda artmasi uzun
donemde tarimsal bilyiimeyi %1.29 oraninda artirmaktadir.

Liu ve ark. (2019), diisiik karbonlu tarimin gelisimi, siirdiiriilebilir tarimsal kalkinmada etkili bir yol oldugunu
one slirmiislerdir. 2007- 2017 donemine ait yillik veriler kullanildig1 calismada Cin ekonomisi baz alinmistir. Cin
tariminda kullanilan diisiik karbonlu tarimsal enerji tiikketimi niifus faktoriinii etkiledigi gibi yagam standartlarini
da etkilemektedir. Bu faktorlerin katki oranlarint hesaplamak i¢in LMDI indeks yontemi kullanilmistir. Elde edilen
sonuglara gore; hem teknolojik faktorler hem de diigiik karbonlu teknolojik faktorler tarimsal karbon emisyonunu
distirebilmekte ve diisitk karbonlu teknolojik faktorlerin tarimsal karbon emisyonunu diistirmede tarimsal
teknolojik faktdrlerden daha giiglii oldugu tespit edilmistir. Diger bir taraftan toplam niifus karbon emisyonunu
pozitif etkilemektedir ancak bu etki giilii degildir.

Akyol (2020), tarimsal iiretimde kullanilan enerji tiikketimi ve tarimsal katma deger degiskenleri arasindaki
iligkiyi aragtirmistir. Modele dahil edilen iilkeler AB’ye iiye ve gegis ekonomileri olan 10 iilkedir. Caligmada 2019-
2017 periyoduna ait y1llik veriler kullanilmis ve panel veri teknikleri ile iligkiler test edilmistir. Elde edilen ampirik
bulgulara gore; tarimsal enerji tiiketimi tarimsal katma deger lizerinde pozitif bir etkiye sahip olup, tarimsal enerji
tilketiminin tarimsal bilylimeyi artirdigi seklinde yorumlanabilir. Fan ve Hao (2020), ¢aligmalarinda Cin ekonomisi
ele alinmistir. Bu galismanin temel amaci, 2000-2015 yillarina ait verileri ve ekonomik bilylime, yenilenebilir
enerji tilketimi ve dogrudan yabanci yatirimlar1 degiskenlerini kullanarak analiz etmislerdir. Yapilan nedensellik
analizi sonucuna gore yenilenebilir enerji tilkketimden ekonomik biiylimeye dogru tek yonlii bir iliskinin oldugu
dolayisiyla enerji Onciiliiglinde ekonomik biiyiime hipotezinin varligi ispatlanmistir. 8 MENA {ilkesi i¢in bir panel
veri caligmast gergeklestiren Erdogan ve ark. (2020), 1990-2014 doéneminde enerji tiikketiminin ekonomik
biiylimeye neden oldugu kanisina varmiglardir.

Yaniktepe ve ark. (2021), 1970-2015 doneminde Johansen esbiitiinlesme teknigi ve Granger nedensellik testini
uygulayarak bir zaman serisi analizi ger¢eklestirmislerdir. Calisma enerji tiiketimi ile biiylime arasinda pozitif bir
iliskinin varligina dair kanitlar sunmustur. Bu bulgu BRICS ve ASEAN filkeleri igin bir panel veri analizi yapan
Rahman (2021)’1n bulgulartyla uyusmaktadir. Sonuglar ayn1 zamanda ilgili degiskenler arasinda ¢ift yonlii bir
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nedensellige isaret etmistir. Alpdogan (2021), ekonomik biiyiime ile enerji tikketimi arasindaki iliskiyi ele aldig1
calismada, 1970-2012 dénemine ait yillik veriler kullanmistir. Tiirkiye 6rnegi arastirilarak elde edildigi bulgulara
gore ekonomik biiyiime ile enerji tiiketimi arasinda uzun dénemde bir iliski s6z konusudur.

Rokicki ve ark. (2021), Avrupa iilkelerinde tarimsal alanda kullanilan enerji tiiketimini ve degisimini
arastirmiglardir. Avrupa iilkelerindeki tarimda enerji tiiketimi, ekonomik bilylime ve enerji degisimi arasindaki
korelasyonu agiklamak i¢in grafiksel yontemler ve 2005-2018 donemine ait verileri kullanarak tespitlerde
bulunmuslardir. Ancak Avrupa iilkeleri kullandiklar1 enerji agisindan farklilik gostermektedir. Kullandiklar
enerjinin temelinde s1v1 yakitlar, dogal gaz, elektrik ve yenilenebilir enerji vardir. Elde edilen birinci hipotezde
tarimda biiyiik dl¢iide yenilenebilir enerji kullaniimaktadir. ikinci hipoteze gore; tarimda kullanilan yenilenebilir
enerji tiiketimi artis1 ekonomi parametreleriyle yakindan iligkili oldugu tespit edilmistir. Yenilenebilir enerjinin
kullanilmasmin temelinde dogal cevreyle iliskili oldugu sonucuna varilmistir. Chandio ve ark. (2021), Cin
ekonomisini inceledikleri arastirmalarinda yenilenebilir ve yenilenemeyen enerji tiiketimi, ekonomik biiyiime ve
tarimsal katma deger arasindaki iliskileri analiz etmislerdir. ARDL sinir testi, Granger nedensellik testi ve uzun
donem degiskenlerin uzun dénem iligkilerini tespit etmek i¢in FMOLS yontemi kullanilmistir. Calismada
yenilenebilir enerji tiiketimi ¢evresel kaliteyi ve ekonomik biiylimeyi artirmakta, karbondioksit salinimini
azaltmaktadir. Diger taraftan yenilenemeyen enerji tiikketimi ekonomik biiyiimeyi, tarimsal ¢iktiy1 ve karbondioksit
salinimini artirdigt sonucu tespit edilmistir.

Ampirik calismalar bazi ¢ikarimlar beraberinde getirmektedir. Ilk olarak; gerek panel veri gerek se zaman
serisi calismalarinda degiskenler arasinda asimetrik iliskiler ele alinmamustir. ikinci olarak; zaman serisi analizi
kullanilarak Tiirkiye ekonomisini analiz eden ¢alismalarin ¢ok az oldugu dikkat ¢ekmektedir. Ayrica bu
calismalarda simetrik iliskilerin simetrik testler ile arastirildigi goriilmektedir. Bu nedenle bu acilardan
bakildiginda calismamiz diger caligmalardan ayrismakta ve literatiire Onemli katkilar sunabilecegi
disiiniilmektedir. Elde edilen bulgulara gore de farkli tavsiyelerde bulunmak miimkiin olabilecektir.

3. Model ve Veri Seti

Tiirkiye ekonomisi agisindan tarimsal enerji tiiketimi ve ekonomik biiyiime arasindaki iliskiyi asimetrik olarak
test edebilmek i¢in asagidaki gibi bir dogrusal regresyon denklemi dikkate alinmistir:

LNGDP, = B, + B,LNENERGY, + u, (Es. 1)
LNENERGY, = By + B;LNGDP, + u, (Es. 2)

Yukaridaki modelde $_0 sabit terimi, u, ise hata terimini gostermektedir. GDP ekonomik biiylimenin 6lgiitii
olarak kisi bagina reel geliri (2010 sabit $ fiyatlariyla), ENERGY tarimsal enerji tiiketimini temsilen tarim
sektoriinde kullanilan toplam enerji tiiketimini ifade etmektedir. Kisi basina reel gelir Diinya Bankas1 (WDI, 2022)
veri sitesinden, tarimsal enerji tiiketimi verileri ise Uluslararast Enerji Ajansindan (IEA, 2022) elde edilmistir. Bu
calismada 1990-2018 donemine ait yillik veriler kullanilmigtir. Y1l araliginin 1990- 2018 olarak segilmesi tarimsal
enerji tliketimi verisinin 2018 yilinda son bulmasindan kaynaklanmaktadir. Tiim degiskenler logaritmalari
alindiktan sonra analizlere dahil edilmislerdir. Bunun temel nedeni degiskenlerin katsayilarinin elastikiyet olarak
tahmin edilebilmesi ve yorumlanabilmesidir. Tarimsal enerji tiikketimi ve ancak analiz konusu olan Tiirkiye,
degiskenleri olan tarimsal enerji tiiketimi (ENERGY) ve ekonomik biiylime (GDP) degiskenlerinin pozitif ve
negatif bilesenlerinin (LNENERGY+, LNENERGY- ve LNGDP+,LNGDP-) zaman i¢indeki degisim grafikleri
asagida sunulmustur.
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Figure 1. Lnenergy+, Inenergy-,Ingdp+,Ingdp- componets
4. Metodoloji

Tiirkiye ekonomisinde tarimsal enerji tiiketimi ile ekonomik biiylime arasindaki iliskinin asimetrik olarak
arastirildigr bu ¢aligmada ¢ok yonlii bir ekonometrik metodoloji kullanilmigtir. Birinci asamada degiskenlerin
birim kok (duraganlik) analizleri Arttirilmig Dickey-Fuller (ADF) (1981) ve Phillips-Perron (PP) (1988) testi ile
yapilmistir. Uzun donemde aralarinda anlaml bir iliskinin (esbiitiinlesmenin) olup olmadigini tespit edebilmek
icin Johansen esbiitiinlesme testi uygulanmistir. Johansen esbiitiinlesme testinde degiskenler arasinda herhangi bir
esbiitiinlesmenin olmamasi gerekmektedir. Ciinkii analizin bir sonraki adim olan Hatemi-J ve Irandoust (2012)
sakli esbiitiinlesme testine gegilebilmesi i¢cin bu bir dnkosuldur. Daha sonra egbiitiinlesme tespit edilmeyen
degiskenler arasinda bir sakli esbiitiinlesmenin olup olmadigini belirleyebilmek i¢in her bir degisken + ve -
bilesenlerine ayrigtirilmaktadir. Elde edilen + ve - bilesenler Hatemi-J ve Irandaoust (2012) sakli esbiitiinlesme
testine tabi tutularak hangi bilesenler arasinda anlamli bir iligki tespit edilirse, bu bilesenlerin uzun dénem katsayisi
tahmin edilecektir. Bunun igin de Phillips ve Hansen (1990) tarafindan ortaya atilan FMOLS tahmincisi
uygulanmistir. Son ve {iglincii asamada ise sakli esbiitiinlesme tespit edilen degiskenlerin + ya da — bilesenleri
arasinda bir nedensellik iliskisinin olup olmadigi Granger ve Yoon (2002) tarafindan gelistirilen sakli hata
diizeltme modeli yardimiyla arastirilmistir. Boylece asimetrik bir nedenselligi varligi tespit edilecektir.

4.1. Birim kok analizi

Zaman serisi ¢alismalarinda duragan olmayan degiskenler ile yapilan analizler sahte sonuglar verebilmektedir.
Bundan dolay1 regresyon sonuclar1 degiskenler arasindaki iligkiyi ger¢cek manada gdstermeyecektir. Ayrica
modelde kullanilan degiskenlerin istatistiksel analizlere tabi tutmadan oncelikle tiim degiskenlerin duraganlik
durumu tespit edilmelidir. Birim kok testleri ile duraganlik analizi gergeklestirilmektedir (Wojciech ve Derek,
1999). Bu amagla Dickey ve Fuller (1981) tarafindan gelistirilen genisletilmis Dickey-Fuller (ADF) testi
uygulanmistir. Bu test asagidaki modeli dikkate almaktadir.

AYt = + azt + le’—l + B Z?:l AYt—l + St (Es. 3)
Denklemde yer alan Y bagimli degiskeni, A fark iglemcisini, t trend terimini, € hata terimini temsil etmektedir.

Bu ¢aligmada ADF testinin yan1 sira Phillips ve Perron (1988) tarafindan gelistirilen PP testi kullanilmaktadir.
PP testinde test istatistiginin hesaplanmasi i¢in bazi non-parametrik diizeltmelere ihtiya¢ duyulmaktadir. Bu
nedenle otokoralesyon, test istatistiginin asimtotik dagilimini etkilememektedir. ADF’den daha giiglii bir test olup
ADF birim kok testi ile ayn1 asiptotik dagilima sahiptir (Phillips ve Perron, 1988).

AXt = ao + a]_Xt_l + azt + Z;(nzl BkAXt_k + ut (Es. 4)

PP ve ADF testi gibi elde edilen test istatistigi degerleri Mackinnon kritik degerleriyle karsilastirilip birim kdk
(duraglik) olup olmadigina karar verilmektedir.
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4.2. Sakl esbiitiinlesme analizi

Calismalarda kullanilan geleneksel esbiitiinlesme testlerinde (Engle-Granger, Johansen, ARDL esbiitiinlesme
yaklagimlart gibi) esbiitiinlesmenin aragtirilmasinda pozitif ve negatif soklarin (bilesenlerin) etkisini ayni oranda
kabul etmektedir. Granger ve Yoon (2002) bu varsayimi kabul etmeyerek serilerin normal diizeylerinde degil de
+ ve — soklar1 ya da bilesenleri arasinda bir egbiitiinlesmenin olabilecegini vurgulamislar ve ¢aligmalarinda Engle
ve Granger, (1987) tarafindan gelistirilen esbiitiinlesme yaklagimimi uygulamiglardir. Bu yaklasim daha sonralari
Hatemi J ve Irondoust (2012) tarafindan daha da gelistirilerek Johansen temelli bir sakli esbiitiinlesme yaklagimina
doniistiiriilmiistiir. Bu test agagidaki denklemleri baz alir:

Xe =X+ &=Xo +Xi1 & (Es. 5)
Y, =Yy +n=Y + X (Es. 6)
Burada yer alan t =1, 2...... ,T donemleri, & n, standart hatalari, X, ve Y; serileri ise baslangis degerlerini

gostermektedir. X; ve Y; degiskenlerinin pozitif ve negatif bilesenleri arasinda esbiitiinlesme iligkisine
bakilmaktadir. Asagidaki denklemler yardimiyla pozitif ve negatif bilesenler arasindaki sakli esbiitiinlesme iligkisi
tanimlanabilir:

& = max(g; 0) & = min(g; 0) (Es. 7)
n/ = max(n; ,0) n; = min(n;, 0) (Es. 8)

Bunu takiben 9 ve 10no’ludenklemlerdeki hata terimleri € =e"++€”- ve n =n++n”- seklinde gosterilebilir. Bu
seriler 5 ve 6 no’lu denklemlerde yazildiginda asagidaki denklemler olusur:

Xe=Xeog +e=Xg 25, & +30 & (Es. 9)
Y, =Yy + =Y +XE nf + 2 g (Es. 10)
4.3. Sakl hata diizeltme modeli (nedensellik analizi)

Degiskenlerin — ve + bilesenleri arasinda bir sakli esbiitiinlesmenin varlig1 bir sonraki asamada Granger ve
Yoon (2002) tarafindan ortaya konulan sakli hata diizeltme modeli kurulabilir ve bu model sayesinde nedensellik
iliskileri tahmin edilebilir. X‘ve Y* aralarinda sakli esbiitiinlesmenin oldugu iki seri ise bu seriler arasinda sakli
hata diizeltme modelleri nihai agsamada asagidaki gibi kurgulanabilir:

AXl+ = yo + yl(X;——l - thtl) + lagS(AX;-_l - AYttl) + Ct (E$ 11)

AY =8y + 61 (Xy — Y1) + lags(AX( — AV ) + 6, (Es. 12)

Modeldeki hata diizeltme katsayilarinin negatif ve istatistiki olarak anlamli olmast durumu kisa dénemde
meydana gelen dengesizliklerin uzun dénemde giderilecegi anlamina gelmektedir. Ayni zamanda bu durum
serilerin + ya da — bilesenleri arasinda uzun dénemde bir asimetrik nedenselligin olduguna kanittir (Giindiiz, 2020).

4.4. FMOLS tahmincisi

Bu caligmada serilerin uzun donem katsayilarinin tahmininde Phillips ve Hansen (1990) tarafindan literatiire
kazandirilan tamamen modifiye edilmis EKK(FMOLS) tahmin tekniginden yararlanilmistir. Geleneksel EKK
tahmin teknigine gore daha gii¢lii ve saglikli sonuglar veren FMOLS teknigi kiiciik 6rneklem biiytikliiklerinde iyi
bir performans sergilemektedir. FMOLS tahmincisi asagidaki gibi formiilize edilebilir:

0 =[1] = Lo 2z (S 2oy - TIAL)) (Bs. 13)

Burada Z, = (X{, D{)"" seklinde ifade edilir. Bu tahmin tekniginde uzun dénem kovaryans matrisleri (Q2"ve A")
kalintillar (u; = (uy¢, uze)") kullanilarak analiz edilir.
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5. Bulgular ve Tartisma

Ampirik bulgulara ilk olarak ¢alismada kullanilan her bir degiskene iliskin tanimlayici istatistiklerden baglanmig
olup elde edilen sonuglar Tablo 2°de sunulmustur. 1980-2018 déneminde tarimsal enerji tilketimi ortalama degeri 3.52,
ekonomik biiylime ise 10.78 olarak gerceklesmistir. Carpiklik katsayisi i¢in tarimsal enerji tiikketimi -0.17 sifirdan
kiigiik oldugu igin sola garpiktir. Ancak ekonomik biiyiime carpiklik katsayisi pozitif yani 3 ten kiigiik oldugundan
saga carpik olarak tespit edilmis ve normal dagilima gore diktir. Degiskenlerin standart hatalari sirastyla 0.13 ve 0.07;
maksimum degerleri ise 3.73 ve 10.93 olarak ifade edilebilir.

Tablo 3’te ise modelde yer alan degiskenlerin korelasyon katsayilari yer almaktadir. Degiskenlerin korelasyon
katsayis1 (0.844), pozitif ancak 1’e yakindir. Bu sonug iki degisken arasinda pozitif ve giiclii bir korelasyonun oldugunu
ortaya koymaktadir.

Tablo 2. Degiskenlerin tanimlayici istatistikleri

Table 2. Descriptive statistics of variables

Degiskenler/istatistikler Ortalama  Medyan Max. Min.  St.Hata Carpikhk Basiklik
LNENERGY 3.52 3.51 3.73 3.28 0.13 -0.17 1.98
LNGDP 10.78 10.76 10.93 10.28 0.07 0.50 1.92

Tablo 3. Degiskenlerin korelasyon matrisleri

Table 3.Correlation matrix of variables

Degiskenler LNENERGY LNGDP
LNGDP 1 -
LNENERGY 0.844 1

Tarimsal enerji tiiketimi ile ekonomik biiyiime degiskenlerinin duraganlik analizinin ADF ve PP test sonuglari
Tablo 4’de sunulmaktadir. Birim kok test sonuglarina gore; degiskenlerin diizey degerlerinde duragan olmadigi
goriilmektedir. Ancak serilerin birinci farklari alinarak yapilan duraganlik testi degiskenlerin birinci farkinda
duragan oldugunu ortaya koymaktadir. Bu sonug degiskenlerin esbiitiinlesme analizi i¢in Johansen testi ile Hatemi
J-Irondoust sakli esbiitiinlesme testinin kullanimina ve sakli hata diizeltme modelinin Kurulmasma imkan
tanimaktadir.

Tablo 4: Birimkok test sonuclart

Table 4. Unit root test results

ADF PP
Degiskenler Sabitli Sabitli-trendli Sabitli Sabitli-trendli
LNGDP 1.087 -1.506 1.562 -2.724
LNENERGY -1.585 -3.012 -1.594 -2.123
ALNGDP -9.123™" -9.483™" -9.047" -15.587""
ALNENERGY -7.073™ -7.738™ -6.914™" -7.738™

Not: ADF testinde optimal gecikmeuzunlugu AIC kriteri kullanilarak otomatik olarak belirlenmistir. PP testinde
band genisligi igin Newey-West(1994) metodu kullamilmstir. ™, %1 diizeyinde anlamlilig1 ifade eder.

Degiskenlerin birinci farkinda duraganlik gostermesi seriler (+ ve — bilesenler) arasinda esbiitiinlesmenin
varligini test edebilmek i¢in Johansen esbiitiinlesme testinin kullanimina izin vermektedir. Johansen esbiitiinlesme
testi icin oncelikle model i¢in gecikme uzunlugunun belirlenmesi gerekir. Yapilan VAR analizi sonucuna gore,
Tablo 5’ten de goriilecegi tizere, uygun gecikme uzunlugu olarak bulunmus olup bu sonug bir sonraki asamada
yani Johansen egbiitiinlesme analizinde kullanilmigtir.
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Tablo 5: VAR gecikme uzunlugu belirleme
Table 5. Determination of VAR lag length

Gecikme uzunlugu LR FPE AIC SIC HQ
0 NA 2.39e-05 -4.965 -4.868 -4.937
1 84.929 8.12e-07 -8.350 -8.059 -8.266
2 10.792 6.66e-07" -8.556" -8.072" -8.417"
3 0.370" 9.04e-07 -8.268 -7.590 -8.073

Not: *, optimal gecikme uzunlugunu ifade eder.

Modele dahil edilen tarimsal enerji kullanim1 ve ekonomik biiyiime degiskenleri arasinda bir egbiitiinlesmenin
varhigi Johansen esbiitiinlesme testi ile smanmaktadir. Bu test sonucunda oncelikle seriler arasinda bir
esbiitiinlesmenin olmamasi gerekiyor ki serilerin + ve — bilesenleri arasinda bir sakli egbiitiinlesmenin varligi
arastirilabilsin. Tablo 6’da goriilen sonuglar serilerin normal degerleri arasinda bir egbiitiinlesmenin yani bir uzun
donem iligkisinin olmadigimi gostermektedir. Bu nedenle serilerin + ve — bilesenleri arasinda saklh
esbiitiinlesmenin olup olmadig1 Hatemi J-Irondoust testi yardimiyla incelenmektedir. Bunun 6n sart: serilerin + ve
— bilesenlerinin birinci farkinda duragan olmasidir. Bu amagla gerceklestirilen birim kok analizi sonuglart Tablo
7’de sunulmustur. Bulgular serilerin + ve - bilesenlerinin diizeyde duragan olmadigini birinci farklari alindiginda
duragan hale geldigini ortaya ¢ikarmaktadir. Bu durum serilerin birinci farkinda duragan oldugu anlamina
gelmektedir. Bu durum ayni zamanda seriler arasinda sakl bir esbiitiinlesme analizi yapilmasina izin vermektedir.

Tablo 6. Johansenesbiitiinlesme test sonuclar

Table 6. Johansen cointegration test results

iz istatistigi Max. 6z deger istatistigi
R=1 12.428 8.182
R<] 4.246 4.246

Tablo 7. Serilerin birim kék test sonuglart (+ ve - bilesenleri)

Table 7. Unit root test results of series (+ and —components)

ADF PP

Degiskenler Sabitli Sabitli-trendli Sabitli Sabitli-trendli
LNGDP+ 0.980 -3.875 0.252 -3.872
LNGDP- -1.132 -1.356 -1.141 -1.376
LNENERGY+ -0.196 -2.162 -0.168 -2.192
LNENERGY- 2.564 -0.711 2.506 -0.359
ALNGDP+ -8.393™ -8.553™" -8.356"™" -8.853™"
ALNGDP- -6.207™" -6.326™" -6.120™" -6.241™"
ALENERGY+ -6.329™" -6.197™ -6.298™" -6.171™"
ALENERGY- -5.313"™" -7.169™" -5.310™" -7.239™

Not: ™, %1 diizeyinde anlamlilig1 ifade eder.

Bilesenlerine ayrigtirilan degiskenlerin birim kok analizleri yapilmistir. Daha sonra s6z konusu bilesenlere
Johansen esbiitiinlesme testi uygulanmis ve bu teknik Hatemi J-Irandoust (2012) sakli esbiitiinlesme testi olarak
bilinmektedir. Tablo 8’den elde edilen bulgulara gore; tarimsal enerji tikketimi + serisi ile ekonomik biiyiime +
serisi arasinda esbiitiinlesmenin varligi tespit edilmistir. Ancak tarimsal enerji tiiketimi - serisi ile ekonomik
biiylime - serisi arasinda uzun dénemde bir iligkinin varhigi tespit edilememistir. Degiskenlerin — serilerinde
esbiitiinlesmenin varligi s6z konusu olmadigt i¢in bundan sonraki asamada bu seriler i¢in uzun dénem katsayilart
ve nedensellik iligkisi tahmin edilmemistir.

Tiirkiye ekonomi dikkate alinarak yapilan analizde serilerin + bilesenleri arasinda uzun donemli bir iliskinin
(bir egbiitiinlesmenin) tespit edilmesinden sonra s6z konusu serilerin uzun dénem katsayilart FMOLS tahmin
teknigiyle tahmin edilmis ve Tablo 9’da gosterilmistir. Modelde bagimsiz degisken olarak tarimsal enerji tilketimi
+ serisi, bagimli degisken olarak ise ekonomik biiyiime + serisi alinmigtir. Bu durumda tarimsal enerji tiiketimi +
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serisi katsayisi 0.519 olarak bulunmustur. Elde edilen bu sonug tarimsal enerji tiikketimi + serisinde meydana
gelen %1°lik bir artigin, ekonomik biiylime + serisinde 0.519 oraninda bir artis sagladigi anlamina gelmektedir.
Diger taraftan ekonomi bilyiime + serisi ile tarimsal enerji tiiketimi + serisi arasinda da pozitif bir iliski s6z
konusudur. Bu iliski katsayis1 1.332 olarak belirlenmistir.

Tablo 8.Hatemi J- lrandoust sakl esbiitiinlesme analiz sonuclari (+ ve - bilesenleri)

Table 8. Hatemi-j Irandoust hidden cointegration analysis results (+ and —components)

iz istatistigi Max. 6z deger istatistigi
LNERGY+LNGDP+
R=1 26.873" 19.663™
R<1 7.210 7.210
LNENERGY- LNGDP-
R=1 8.284 7.857
R<l1 0.426 0.426

Not: ™ % 5 diizeyinde anlamlilig1 ifade eder.
Tablo 9. Uzun dénem katsayt tahminleri (tahmin yéntemi: FMOLS)

Table 9. Long-run coefficient estimates (estimation method: FMOLS)

LNENERGY+ LNGDP +
Katsayilar 0.519™ 1.332""
Not: ™, %1 diizeyinde anlamlihig: ifade eder.

Ampirik analizde tarimsal enerji tiikketimi + serisi ile ekonomik biiylime + serisi arasinda uzun donem iligkisinin
varligi tespit edildiginden dolay1 nedensellik analizi olan sakli hata diizeltme modelinde de bu seriler dikkate
alinmis, ¢ikan sonuglar Tablo 10’da sunulmustur. Bagimli degisken tarimsal enerji tiiketimi+ serisi, bagimsiz
degisken ise ekonomik bilyiime + serisi alindiginda hata diizeltme katsayis1 olan ECT nin -0.331 yani negatif ve
istatiksel olarak anlamli oldugu goriilmektedir. Bu durum ekonomik biiyiime + serisinden tarimsal enerji tiiketimi
+ serisine dogru uzun dénemli bir asimetrik nedenselligin varligini ortaya koymaktadir.

Tablo 10. Sakli hata diizeltme modeli tahmin sonuclart (bagiml degisken: Inenergy+)

Table 10. Hidden error correction model prediction results (dependent variable: Inenergy+)

Degiskenler Katsayilar Standart Hata t-istatistigi Olasihk

Sabit 0.023™ 0.005 4.547 0.000

ECTw1 -0.331™ 0.134 -2.560 0.016
Not: "“ve™sirastyla %1 ve % 5 diizeyinde anlamlilig1 ifade eder.

Bagimli degiskeni ekonomik biiyiime + serisi, bagimsiz degiskeni tarimsal enerji tilketimi + serisi se¢ildiginde
kurulan sakli hata diizeltme modeli tahmin sonuglar1 Tablo 11°de sunulmustur. Elde edilen ampirik bulgular
neticesinde sakli hata diizeltme katsayist ECT hesaplanamadigindan dolay1 sdz konusu modele dahil edilen
bilesenler arasinda bir asimetrik nedenselligin varligi tespit edilememistir. Boyle bir durumda tarimsal enerji
titketimi + serisinden ekonomik biiyiime + serisine dogru bir nedenselligin varligina hilkkmedilememistir.

Tablo 11. Sakl hata diizeltme modeli tahmin sonuclart (bagimh degigken: Ingdp+)

Table 11. Hidden error correction model prediction results (dependent variable: Ingdp+)

Degiskenler Katsayilar Standart Hata t-istatistigi Olasilik

Sabit 0.020 0.003 6.056 0.000

GDP:1 -0.493 0.177 -2.772 0.010
6. Sonug

Enerji tliketimi diger tiim sektorlerde oldugu gibi tarim sektoriinde de uzun zamandir bir artis egilimi
sergilemektedir. Enerji tiiketimindeki bu artis pek ¢ok ekonomik faaliyeti de olumlu yonde etkilemektedir.
Tarimsal enerji tiiketimi tarim sektoriiniin gelisiminde 6nemli bir unsur oldugu gibi iilke ekonomisinin de
biiylimesinde 6nemli bir rol oynayabilecektir. Bu nedenle bu ¢alismada tarimsal enerji tiiketiminin ekonomik
biiylime tizerindeki etkisi Tiirkiye drneginde 1990-2018 periyodunda arastirilmistir. Tiirkiye ekonomisi iizerine
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yapilan ekonometrik uygulamada degiskenlerin duraganlik analizi ADF ve PP birim kok testleriyle, degiskenler
arasindaki egbiitiinlesmenin belirlenmesinde ise Johansen testinden istifade edilmistir. Johansen testi sonuglari
seriler arasinda bir esbiitiinlesme tespit edememistir. Bu nedenle seriler arasinda sakli bir esbiitiinlesmenin var
olabilecegi diisiincesiyle her bir degisken + ve — bilesenlerine ayristirilarak bu + ve — bilesenler arasinda bir
esbiitiinlesmenin olup olmadigi Hatemi-j ve Iranoust sakli esbiitiinlesme testi ile arastirilmigtir.

Bulgular degiskenlerin + bilesenleri arasinda bir esbiitiinlesmenin oldugunu ortaya koymustur. Bu sonug bizi
degiskenlerin + bilesenlerine iligkin uzun dénem katsayilarinin tahmin edilmesine gotiirmiistiir. Bu amacla
kullanilan FMOLS tahmin teknigi tarimsal enerji tiiketimi + bileseni katsayisinin (0.519) pozitif ve istatistiki
olarak anlamli buldugundan uzun dénemde tarimsal enerji tiikketimi + bileseni ile ekonomik bilylime + bileseni
arasinda pozitif bir iliskinin olduguna hitkmedilmistir. Bu sonug, tarimsal enerji tiiketimi + serisinde meydana
gelen %]1°1lik bir artisin ekonomik biiylime + serisini uzun donemde 0.519 oraninda artirdigi seklinde
yorumlanabilir. Diger taraftan ekonomik biiyiime + bileseninin pozitif ve istatistiki olarak anlamli olmasi
ekonomik biiyiime + bileseni ile tarimsal enerji tiiketimi + bileseni arasinda pozitif bir iligkinin varligina igaret
etmektedir. Sakli hata diizeltme modeli sonuglarina gére ise ekonomik bilyiime + serisinden tarimsal enerji
titkketimi + serisine dogru uzun dénemli nedensellik tespit edilmistir.

Literatiirde pek ¢ok ¢alisma enerji tiikketiminin ekonomik biiylimeyi destekledigi sonucuna ulastig gibi tarimsal
enerji tiiketiminin de ekonomik biiyiimeyi pozitif etkiledigi yoniinde bulgular sunmaktadir. Caligmamizda tarimsal
enerji tilketimi + bileseninin ekonomik biiyiime + bilesenini pozitif etkiledigi bulgusu aslinda tarimsal enerji
titketimi ile ekonomik biiyiime arasinda pozitif bir iligskinin varligina bir kanit olarak degerlendirilebilir. Bu durum
aslinda enerji-biiytime konusundaki dort temel hipotezden biri olan “koruma hipotezi” ni destekleyen bir kanit
olarak degerlendirilebilir. Bu caligmada gergeklestirilen esbiitiinlesme analizleri sonucunda literatiire paralel
olarak tarimsal enerji ile ekonomik biiyiime arasinda uzun déonemde bir iligki oldugu tespit edilmistir. Literatiirde
tarimsal enerji tiketimin ekonomik bilyiimeyi pozitif etkiledigi sonucuna ulasilmistir. Genel anlamda bu
caligmanin sonuglar1 ampirik literatiirii destekler nitelikte olup ve Kraft ve Kraft (1978), Karkacier ve ark. (2006),
Adom (2011), Mirza ve Kanwal (2017), Yaniktepe ve ark. (2021) ve Rahman (2021) gibi iktisat¢ilarin daha 6nce
yaptiklar1 caligmalarinin nedensellik bulgulariyla eslesmektedir. Ancak Altiner (2019), Tuna ve Tuna (2019) gibi
yazarlar ise enerji tiikketimi ile ekonomik biiyiime arasinda herhangi bir nedensellik tespit etmemislerdir.

Tarim sektorii lilke ekonomilerine ve insan yasamina sagladigi katkilar ile 6nemli bir yere sahip oldugu gibi
siirdiiriilebilir bir gelisme icin de ¢ok énemli oldugu bilinmektedir. Ozellikle sanayi sektoriine hammadde ve
sermaye saglamasi, niifusun gida ihtiyacini karsilamasi, ihracat yolu ile iilkeye doviz girdisi saglamasi ve stratejik
Ooneme sahip olmasi gibi 6zellikleri tarim sektoriinti vazgecilmez kilmaktadir. Modern tarim teknolojinin gelismesi
ile birlikte tarimsal iiretim siireclerinde meydana gelen degisim ve geligmeler ve makine kullaniminin
yayginlagmasi birlikte tarimda enerji kullanimini giindeme getirmistir. Tarimsal enerjinin kullanimi verimliligi ve
iiretimi artirmistir. Ancak enerji tiiketimi tarim sektoriinde 6nemli bir maliyet yaratmaktadir. Maliyetleri diisiirmek
s6z konusu oldugunda fosil yakitlardan ziyade giines, su ve riizgar enerjisi gibi yenilenebilir enerji kaynaklarindan
istifade etmek zorunluluk arz etmektedir. Bu nedenle hiikiimetlerin fosil yakitlardan yenilenebilir enerji
kaynaklarma olan doniisiimii kolaylastiracak sekilde tesvik ve onlemler almasi gerekmektedir. Bu gergevede pek
¢ok gelismis tilkenin tarim sektoriinii gelisimi igin yenilenebilir enerji kaynaklaria doniik yatirimlar ve projeleri
destekledigi goriilmektedir. Bu sekilde tarim sektdrii artan enerji ihtiyacini daha diisiik maliyetle ve ¢evreye
duyarli olacak sekilde karsilamis olacaktir. Tiirkiye geleneksel enerji kaynaklari agisindan digariya bagimh
oldugundan ve iilkenin cografik konum itibariyle yenilenebilir enerji kaynaklar agisindan gesitlilik gdsterdiginden
orta ve uzun vadede tarim sektdriinde yenilenebilir enerji kaynaklarmi kullanmak olduk¢a 6nemli bir gercek
olacaktir.

Bu c¢alismada kullanilan yonteme uygun olarak iki degisken arasindaki iligki incelenmistir. Ayni zamanda
sonraki ¢aligmalara yol gosterebilir. Her ¢alismada oldugu gibi bu ¢alismanin da kisitlar1 bulunmaktadir. Bu
kisitlar daha sonra yapilan ¢aligmalara 151k tutacaktir. Yazarlar farkli asimetrik veya simetrik yontemler kullanarak,
degiskenlerin sayisini artirarak ya da arastirma bolgesini degistirerek farkli ampirik sonuglar elde edebilirler. Bu
farkli sonuglar dogrultusunda farkli dneri politikalar: sunabilirler.
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Effect of Almond Pulp Addition on Physical, Chemical and Functional Properties of
Tarhana*

Badem Pulpu Ilavesinin Tarhananim Fiziksel, Kimyasal ve Fonksiyonel Ozelliklerine Etkisi

Ezgi SENSOY?, Zekai TARAKCIZ
Abstract

In this study, almond pulp was added to tarhana to increase its nutritional value. For this purpose, after grinding
the almonds, the oil was reduced and almond pulp was added to the tarhana mix at the rates of 0% (control), 5%,
10%, 15%, 20%, 25% and 30%. According to the research data, pH and titration acidity values of tarhana increased
significantly with the increase of almond pulp addition (p<0.05). It was observed that protein, ash and fat ratios
increased significantly with the increase of almond ratio in tarhana (p<0.05). While increasing the almond ratio
significantly decreased the whiteness (L*) values of tarhana (p<0.05), it was determined that the redness (a*) and
yellowness (b*) values increased significantly (p<0.05). While there was no significant change in water holding
capacity with increasing almond content in tarhana (p>0.05), it was determined that the almond additive increased
the foaming capacity and foam stability statistically (p<0.05). It was determined that the viscosity of tarhana
decreased statistically significantly as the almond content increased (p<0.05). It was determined that the almond
pulp added to the tarhana mix increased the total phenolic substance and antioxidant activity values significantly
(p<0.05). It was determined that almond pulp added tarhana samples had a positive effect on sensory parameters.
Tarhana samples with 25% and 30% almond pulp added were found to be the most popular soups in terms of taste
and aroma. Tarhana soups containing 15% almond pulp are the most preferred in terms of fragrance; Tarhanas
containing 5% pulp were preferred in terms of color and consistency. As a result, it was determined that the
addition of almond pulp positively affected the physical, chemical and rheological properties of tarhana. It has
been determined that the best rate of almond pulp to be used in tarhana production is 30%.
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Oz

Bu calismada, besin degerini artirmak i¢in tarhanaya badem posasi ilave edilmistir. Bu amagla bademler
ogitiildiikten sonra yagi azaltilmis ve tarhana miksine % 0 (kontrol), % 5, % 10, % 15, % 20, % 25 ve % 30
oranlarinda badem pulpu olarak ilave edilmistir. Arastirma verilerine gore, badem pulpu ilavesinin artmasiyla
tarhananin pH ve titrasyon asitligi degerleri 6nemli derecede yiikselmistir (p<0.05). Tarhanada badem oraninin
artmasiyla protein, kiil ve yag oranlarinin 6nemli 6l¢iide arttig1 gozlenmistir (p<0.05). Badem oraninin arttirtlmasi
tarhananin beyazlik (L*) renk degerlerini 6nemli derecede diisiiriirken (p<0.05), kizariklik renk (a*) ve sarilik (b*)
renk degerlerin anlaml olarak arttig1 belirlenmistir (p<0.05). Tarhana 6rneklerinde artan badem pulpu igerigi ile
su tutma kapasitesinde 6nemli bir degisiklik olmazken (p>0.05), badem posasi ilavesinin tarhana ¢orbalarinda
kopiirme kapasitesini ve kopiik stabilitesini istatistiki olarak dnemli derecede arttirdigt belirlenmistir (p<0.05).
Badem pulpu icerigi arttik¢a tarhana 6rneklerinin viskozitesini istatistiksel olarak 6nemli 6l¢iide azaldig: tespit
edilmistir (p<0.05). Tarhana miksine ilave edilen badem pulpu ¢orba 6rneklerinin toplam fenolik madde ve
antioksidan aktivite degerlerini 6nemli derecede (p<0.05) arttirdig1 istatiksel olarak tespit edilmistir. Badem posasi
katkili tarhana &rneklerinin duyusal parametreler lizerinde olumlu etkisi oldugu belirlenmistir. % 25 ve % 30
badem pulpu katkili tarhana 6rneklerinin tat ve aroma agisindan en popiiler gorbalar oldugu goriilmiistiir. %15
badem posasi igeren tarhana ¢orbalari ise koku agisindan en ¢ok tercih edilenlerdir; renk ve kivam agisindan ise %5
posa igeren tarhana gorba ornekleri tercih edilmistir. Sonug olarak badem posast ilavesinin tarhananin fiziksel,
kimyasal ve reolojik 6zelliklerini olumlu yonde etkiledigi belirlenmigtir. Tarhana tiretiminde kullanilacak en iyi
badem pulpu oraninin %30 oldugu tespit edilmistir.

Anahtar Kelimeler: Tarhana, Badem pulp, Antioksidan aktivite, Toplam fenolik, Fonksiyonel 6zellik
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1. Introduction

Recently, as consumer awareness has grown, it has become necessary to experiment with alternative methods
of food processing and preservation in order to meet consumer demand for natural products. These methods, which
include fermentation, are extremely important in biotechnological production and conservation (Erbag et al., 2006).
Fermented foods are reliable products; taste and aroma constitute another factor to be consumed (Daglioglu et al.,
2002). Fermented foods produced in comparison with the ingredients in their compositions are nutrients that had
a long shelf life with their nutritional and sensory properties (Tamime and O’Connor, 1995; Gotcheva et al., 2001).
Tarhana is a highly nutritious food that is characterized by the lactic acid fermentation process (Temiz and Pirkul,
1991). Tarhana is thought to have originated with Turks and Mongols who migrated from Central Asia and were
brought to Anatolia, the Middle East, Hungary, and Finland, where they became known and consumed. Tarhana
is referred to as kish in Arab countries, ‘tahonya’ in Hungary, ‘talkuna’ in Finland ‘turkhana’ in Bulgaria, and
‘turkhana’ in Serbia (Y1ildirim and Ercan, 2004). Tarhana regulates the intestinal system with fibrous components
and provides weight control. Tarhana contains probiotic bacteria and beneficial yeasts that help to strengthen the
immune system (Y1ildirim and Giizeler, 2016). A lot of research has been done on Tarhana. Some of these include
the formulation of tarhana was found to be a product suitable for enrichment with various foods. In this study,
tarhana was enriched for nutritional, sensory, and structural enrichment (Tarake1 et al., 2013). As fruit additions,
cranberry (Koca et al., 2006), quince (Gokmen, 2009), and carob (Herken and Aydin, 2015) have been used. In
this study, almond fruit pulp, a rich source of phytosterols (Tasan et al., 2006), was used as a contribution to
tarhana production. Almond is the most produced tree nut globally (Sahin et al., 2022) and used in many fields as
a side component in the food sector thanks to its rich nutritional potential and sensory flavour. The objective of
this study was to incorporate the almond pulp into traditional tarhana formula and to compare some physical,
chemical, functional, structure and sensory properties of the products.

2. Materials and Methods

Wheat flour, working yogurt, tomato paste, fresh yeast, mint, nectarine, red pepper, salt, and almond pulp (dry
matter: 95.58%, protein: 23.92%, fat: 45.99%, ash: 3.36%, total phenolic content: 3.16 mg GAE/g, and antioxidant
capacity: 0.46 mg TE/g) were the ingredients used to make Tarhana samples. Physical, chemical, and sensory
analyses were performed in Ordu University Faculty of Agriculture Food Engineering Laboratories.

2.1 Tarhana Production

In the study, 0% (K), 5% (B5), 10% (B10), 15% (B15), 20% (B20), 25% (B25), 30% (B30) almond pulps were
added to Tarhana samples. The formulation specified in Table 1 refers to the control group (0%). Tarhana varieties
are produced in 21 samples, 3 replicates.

2.2 Preparation of Almond (Grinding)

Unsalted, raw almonds obtained from the Ordu province market were first broken down and divided into
smaller pieces in a food processor. In the cold press oil machine, the oil amount of almond was reduced. After
being ground in a food processor to separate them into smaller particles, the oil-reduced almonds were prepared
for use as additions.

2.3 Preparation of Tarhana Samples

The raw material samples and quantities used in tarhana production are shown in Table 1. While the almond
ratio increased in the product formulations, the other input ratios remained constant. Before chopping the onions
in the food processor, tomato paste, dried mint, red pepper, and salt were mixed. After prebaking the mixture,
water was added and it was cooked for a while. When the temperature of the obtained mortar decreased to 20°C,
flour, yoghurt, yeast and almonds were added. Kneaded for 10 minutes to ensure homogeneous dough structure.
The prepared tarhana doughs were allowed to ferment for 30 hours at 30°C. Fermented tarhana doughs were
brought into almond-sized pieces on the drying tray. The fermented tarhana doughs were dried in a fan oven
(Nucleon, NST-120, Ankara) at 52°C until the moisture content reached 12%, before being ground and pulverized.
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Table 1. Standard Tarhana formulation

Material Portion (%) Quantity
Wheat Flour 50 500
Yoghurt 25 250
Onion 12 120
Tomato paste 6 60
Salt 4 40
Fresh yeast 1 10
Red pepper 1 10
Powdered mint 1 10

2.4 Chemical Analyses of Tarhana

Dry matter analyses; In the analysis, the method of James (1995) was modified and the drying oven was
previously brought to a constant weight at 105°C (Nucleon, NST-120, Ankara) and 5 g of sample was weighed
into it. Ash analyses; in the analysis, James (1995) method was modified and 3-5 g of sample weighed into
porcelain crucibles at 550+5°C temperature until the formation of white color. Color analyses; Color analysis of
Tarhana samples was performed with a color measurement device (Minolta, CR-400, and Osaka, Japan). (L*; 100
= white, 0 = black), redness; (a*; + red and -green) and jaundice; (b*; +yellow and -blue) measurements were
taken in prepared tarhana soup samples (Zhu et al., 2008). Total Fat analysis; Soxhelet extraction method was used
to determine the fat content of the samples (James, 1995). The tarhana samples were boiled by distillation in the
extraction apparatus (Velp Scientifica, SER 148, and Usmate, Italy). The pH analysis; to determine the pH of the
5 g tarhana pulp sample was weighed into a beaker and the pH was measured with a digital pH meter (Mettler
Toledo, Seven Compact S210) at 25°C (Ibanoglu et al., 1995). Titratable Acidity Analysis: Titration was continued
with 1-2 drops of 1% phenolphthalein and 0.1 NaOH solution until the mixture became pink (ibanoglu et al., 1999).
Protein Analysis; The Kjeldahl method was used to determine the protein content (James, 1995).

2.5 Functional Properties Analyses

Viscosity Analysis; 10 g of dry tarhana sample was weighed into a glass beaker and 150 ml of distilled water
was added. The sample was cooked by stirring for 10 minutes, thereby gelatinizing the starch. The samples were
poured into the sample cup of the viscometer (AND, SV-10, Tokyo, Japan) while hot. Measurements were
performed at 30°C, 45°C and 60°C (Tarakg: et al., 2013). Water Retention Capacity Analysis; 3 g tarhana sample
was weighed into centrifuge tubes and 15 ml of distilled water was added. The solution was stirred in a shaking
incubator (Infors Ht Ecotron) for 1 minute at 120 rpm, earth 15 minutes for 60 minutes. It was then centrifuged at
4,000 rpm for 20 minutes (2-6 Sigma, 3K30 and Steinheim, Germany). The weight of the liquid fractions was
determined at the end of the process. The value in grams of water absorbed by 1 g tarhana is called water-holding
capacity (Tarakg et al., 2013). Foaming Capacity and Foam Stability Analysis; Following the placement of the
centrifuge tubes, 20 ml of distilled water was added to 4 g of tarhana. The mixture was homogenized at 120rpm
for 20 minutes in a shaking incubator (Infors Ht Ecotron), then placed in a centrifuge and centrifuged at 4000 rpm
for 20 minutes (2-6 Sigma, 3K30, Steinheim, Germany). After this process, tarhana samples were removed from
the centrifuge and filtered using filter paper (Whatman No. 1). The filtered samples were whipped at high speed
with the Waring Blender (Torrington, CT, USA) for 2 min. The foam level of the samples transferred slowly and
carefully to the measuring cylinder was recorded after 10 seconds. The ratio of the resulting foam volume (ml) to
the solution volume (ml) was defined as the foam capacity (Tarake¢i et al., 2013). Total Phenolic Analysis of
Tarhana Samples; the method used by Xu and Chang (2007) for the total phenolic content analysis was modified.
After 3 g of tarhana sample was homogenized with 10 ml of water, it was kept in a water bath of 25°C for 30
minutes. Samples were centrifuged at 4000 rpm for 10 min and filtered (Whatman no. 1). After taking 300ul of
the filtrate into the tubes, 4300ul of water and 100ul of Folin Ciocalteu reagent were added and left for 2 minutes.
Then 300ul 7.5% (w/v) Na2COjs solution was added to the samples. The samples were vortexed and kept in the
dark for 2 hours. At the end of the time, the absorbance of the spectrophotometer was read at 760 nm (UV-VIS
Shamadzu UV mini-1240). Antioxidant Analysis of Tarhana Samples: For the antioxidant activity analysis of
Tarhana samples, the method used by Demirkol and Tarak¢1 (2018) was modified. The 3g of tarhana samples were
homogenized with 10ml of methanol and then placed in a water bath of 25°C for 30 minutes. After centrifuging
the samples at 4000 rpm for 20 minutes, they were filtered through Whatman No.1 filter paper.50pl of the obtained
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filtrate was taken and 1000ul of DPPH (1, 1-Diphenyl-2-picrylhydrazyl radical) reagent was added. At the end of
the period, absorbance values of the samples were read on the spectrophotometer at 515nm wavelength.

2.6 Sensory Analysis of Tarhana Samples

Sensory analysis performed according to 100 g tarhana sample, 1.5 L distilled water, 40 g oil, and 10 g salt
were mixed and the mixture is cooked in the steel pot at medium heat for 5 minutes while stirring. The cooked
samples were kept in an oven at 60°C and presented to the panelists in porcelain bowls. Tarhana soups were served
by faculty members and students (5 males, 5 females) in the Faculty of Agriculture who were between 20-40 years
old and had no obstacles to sensory testing; color, odor, consistency, taste-aroma, and general acceptability
characteristics were evaluated using the sensory form over 10 points (Anil et al., 2020).

2.7 Statistical Analysis

For statistical analysis, the one-way ANOVA method was used with the Minitab 18 package program. as a
result of variance analysis. The results are presented in tables.

3. Results and Discussion
3.1 The pH change was caused by the addition of almond pulp to Tarhana

The relationship between lactic acid bacteria and yeasts plays an important role in the production of Tarhana
dough. Lactic acid bacteria are responsible for the increase of acidity; yeasts are responsible for the production of
COzand alcohol, the swelling of the dough, and its aromatic development. Although a variety of microorganisms
are available at the beginning of fermentation, acid-producing lactic acid bacteria and acid-tolerant yeasts become
dominant in later stages of fermentation (Simsek et al., 2017). Table 2 shows the pH analysis results for Tarhana.
The highest pH value was determined as 5.32 in the group containing 30% almond pulp. The lowest pH value was
found in the control group with a pH value of 4.65. During the fermentation period, it was determined that the pH
value of Tarhana samples decreased because Tarhana dough, particularly yogurt bacteria and fermentable sugars,
increased the amount of acid in the environment and thus reduced the pH value as a result of the effect of
fermentable sugars on metabolites, particularly organic acids (Erbas et al., 2006). The effect of almond rate on pH
was found to be statistically significant. (p <0.05). During the fermentation of Tarhana, the production of acid
occurs as a result of the activity of lactic acid bacteria and yeasts in the content of yogurt (Ozdestan and Uren,
2013). Addition of yoghurt in the Tarhana formulation, the number of lactic acid bacteria increases, results in more
lactic acid in the final product (Ibanoglu et al., 1999). Lactic acid fermentation protects Tarhana against mold
growth and creates microbial safety (Leroy and De Vuyst, 2004).

When the Tarhana groups were compared, a statistically significant difference was found between the samples in
terms of titratable acidity (p<0.05). As a result, it was discovered that adding almond pulp to Tarhana increased
its acidity value. It is estimated that the free fatty acids released by hydrolysis and the high oil content in almond
pomade increase the titratable acidity in Tarhana dough (Koca and Tarakg1, 1997).

3. 2 The color change was caused by addition of almond pulp to Tarhana

The L* values of Tarhana soups are shown in Table 2. The lowest L* value for the Tarhana sample was 47.68
for 30% almond pulp, and the highest L* value was determined as 59.52 for the control Tarhana sample. The effect
of almond pulp additive on the L* value in Tarhana was found to be statistically significant (p<0.05). It was found
that L* values decreased as the almond rate increased. Accordingly, it was concluded that the color of the soup
darkened with the increase of almond pulp in due to the dark brownish color of the skins of almonds included in
the pulp.

Table 2 displays a* values of Tarhana samples together with the variance analysis results. When the results are
examined, it is understood that the effect of almond ratio on the a* value of tarhana is statistically significant
(p<0.05). Tarhana soups a* values increase as the almond ratio increases. Accordingly, it was concluded that with
the increase of almond pulp in tarhana, the redness of the soup color increased. Also, the effect of almond pulp on
b* value of tarhana was statistically significant (p<0.05). The 10% almond pulp added tarhana has been found to
increase the b* value whereas Tarhana with 5% almond pulp has been found to decrease b* value. In general, the
almond ratio used in tarhana samples reduces the L* value while increasing a* and b* values. L*, a* and b* values
were found generally compatible with the studies on tarhana (Erkan et al., 2006; Koca et al., 2006). However, the
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difference in L*, a* and b * values compared to some tarhana studies is thought to be due to their different tarhana
formulations and additives utilized in tarhana formulations (Aktas et al., 2015; Bilgigli et al., 2014; Ozboy-Ozbas,

et al., 2010).

Table 2. The pH, titratable acidity and color values of Tarhana samples

Almond Titratable

Ratio (%) pH acidy (%) L* a* b*

K 4.76+0.12¢g 0.58+0.09f 59.52+0.23a -1.27+£0.23¢ 29.9340.43de
B5 4.85+0.12f 0.67+0.09¢ 58.73+0.13b 1.72+0.15d 28.92+0.45¢
B10 4.93+0.11¢ 0.70+0.09d 56.78+0.24c 2.60+0.45¢ 30.24+0.57d
B15 4.97+0.11d 0.73+0.10c 54.17+0.39d 3.2740.37¢ 32.30+0.41c¢
B20 5.02+0.11¢ 0.76+0.09b 50.80+0.30e 4.57+0.21b 40.05+0.03b
B25 5.08+0.13b 0.78+0.09a 49.98+0.07f 5.06+0.20ab 40.60+0.48b
B30 5.12+0.14a 0.79+0.09a 47.68+0.30g 5.63+0.24a 42.16+0.18a
MSE 0.000 0.000 0.067 0.079 0.163

MSE: mean squared error, Results were expressed as mean=tstandard deviation. These data are the average of three
replicates. There is no statistically significant difference between the means marked with the same lower-case
letters in the same column (p>0.05).

3.3 Functional properties change caused by addition of almond pulp to Tarhana

Viscosity is known as an important quality criterion (Erkan et al., 2006). Viscosity can be expressed as the
resistance of fluid foods to flow (Table 3). It was reported that tarhana soup shows pseudoplastic behavior (Erbag
et al., 2005). It was determined that viscosity statistically decreases as almond additive increases in Tarhana
(p<0.05). Decreasing concentration of polysaccharides has been reported to reduce aggregation (Ikegwu et al.,
2009). It is possible to say that the amount of starch in the total mass decreases with the increase of almond pulp
in Tarhana formulation. Based on this information, it is estimated that the mass reduction of starch, a type of
polysaccharide, in the formulation results in reduced aggregation, which leads to a decrease in viscosity.

Water holding capacity is an important functional feature in viscous foods (Ertas et al., 2015). The factors that
determine the water retention capacity of tarhana are structural proteins and starch (Hayta et al., 2002). The effect
of the almond ratio added to tarhana on water holding capacity was not statistically significant (p>0.05). The
addition of almonds to the Tarhana formulation had no significant effect on the water holding capacity values. The
reason for this is thought to be due to the almond's low starch content, which may affect the water holding capacity
value.

Tarhana samples with the highest foaming capacity were found to have 0.97002ml/ml in Tarhana samples
containing 30% almond pulp (Table 3). Control tarhana samples had the lowest foaming capacity value of
0.01+£0.01ml/ml. According to the results, as the almond pulp contribution increased in tarhana, the foaming
capacity increased and the samples containing 30% almond pulp had the highest foaming capacity of any tarhana
variety tested. There are significant differences between the control samples and almond added samples (p<0.05).

According to the results of the analysis, the effect of the almond pulp ratio on foam stability was found to be
statistically significant (p<0.05). As the almond pulp ratio increases in tarhana, the foaming stability increases.
Among these values, the tarhana variety with maximum foam stability value was for the 30% almond pulp samples
and its value was calculated as 2.63 = 0.15 min (Table 4). Tarhana variety with minimum foaming capacity is the
control sample and its value is determined as 0.02+0.01 min. Anil et al. (2021) stated that the foam stability value
of tarhana samples prepared with unbaked corn flour was about 2 times higher than the tarhana samples prepared
with baked corn flour. In the study performed by Tarake1 et al. (2013), the foam stability value of wheat flour
tarhana was determined as 10.00 min. The quince added tarhana produced by Gékmen (2009); control, raw, baked,
and dried quince foam stability values were 0.35 min, 0.45 min, 1.28 min, and 1.41 min respectively.
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Table 3. Viscosity, water retention capacity, foaming capacity and foam stability values of Tarhana samples

Almond Ratio (%) Viscosity Water Retention Foaming capacity Foam  stability
(cp) Capacity (ml/g) (ml/ml) (ml)

K 106.48+25.45a 0.73+0.01 0.01+£0.01f 0.02+0.01g

B5 93.72+19.02ab 0.69+0.04 0.27+0.04¢ 0.42+0.03f

B10 80.45+16.04bc 0.71+0.03 0.594+0.05d 0.82+0.03¢

B15 64.43+13.95¢cd 0.66+0.03 0.72+0.02¢ 1.30+0.08d

B20 56.75+14.18de 0.63+0.05 0.77+0.03¢ 1.68+0.05¢

B25 40.31+10.86ef 0.63+0.06 0.88+0.04b 1.93+0.06b

B30 27.60+7.00.88f 0.72+0.11 0.97+0.02a 2.63+0.15a

MSE 11.300 0.003 0.001 0.005

MSE: mean squared error, Results were expressed as mean+standard deviation. These data are the average of three
replicates. There is no statistically significant difference between the means marked with the same lower-case
letters in the same column (p>0.05).

3. 4 Ash, fat, protein, total phenolic and antioxidant capacity values of Tarhana

Proteins are used in the production of foam in the food industry. It is known that wheat and soy proteins, which
have different foam-forming properties, are among the proteins with the highest foaming property (Kurek et al.,
2022). Many factors, such as protein type, protein content, fat content, controlling power, and pH, play a critical
role in foaming capacity and stability. Multiple comparison test results of protein amount according to almond
pulp ratio are given in Table 4. Among these values, tarhana varieties having maximum protein amount of tarhana
samples containing 30% almond pulp and mean value 16.11+0.03 g was harvested as sample. The tarhana variety
with the minimum amount of protein is control tarhana and its value is 12.28+0.12g. It is seen that the amount of
protein increases significantly as the almond pulp ratio increases in Tarhana groups. It is understood that the high
protein content of almond fruit is reflected in tarhana samples with almond pulp additives.

Phenolic compounds contribute to the aroma and taste of many foods of plant origin. The contribution of the
compounds to the aroma is mainly due to the presence of volatile phenols (Rodriguez et al., 2009). Total phenolic
substance determination results are given in Table 4. In result of the measurements, the lowest amount of phenolic
substance is 1598 mg GAE/kg. The highest phenolic content was found as 2376 mg GAE/kg sample for 30%
almond pulp tarhana samples.

Table 4. Ash, fat, protein, total fenolic and antioxidant capacity values of Tarhana samples

Almond Ash Fat Protein TFMM Antioxidant
Ratio (%) (%) (%) (%) (mgGAE/100g) (mgTroloxE/kg)
K 1.21£0.01e 2.19+0.10g 12.28+0.12¢g 1640+0.01¢g 150+0.00f

B5 1.41£0.02d 4.28+0.27f 13.02+0.02f 1850+0.01f 240+0.00e

B10 1.494+0.01¢ 5.97+0.11e 13.85+0.02¢ 2020+0.01e 290+0.01d

B15 1.54+0.01¢c 7.75+0.10d 14.61+0.04d 2160+0.02d 350+0.00¢

B20 1.59+0.01b 9.02+0.16¢ 15.17+0.08c 2240+0.01c 390+0.01b

B25 1.63+0.03a 10.29+0.11b 15.61+0.05b 2330+0.01b 420+0.01a

B30 1.65+0.01a 11.52+0.08a 16.11£0.03a 2360+0.01a 430+0.00a

MSE 0.000 0.022 0.009 0.000 0.000

MSE: mean squared error, Results were expressed as mean+standard deviation. These data are the average of three
replicates. There is no statistically significant difference between the means marked with the same lower-case
letters in the same column (p>0.05).

Table 4 shows the results of multiple comparison tests on total phenolic substance based on almond pulp ratio.
Tarhana variety with the highest phenolic content contains 30% almond pulp and its value is 2360+0.01mgGAE/kg
sample. Tarhana sample with the lowest amount of phenolic substance was observed as a control sample (1640
mg GAE/kg). When the results were examined, it was found that almond fruit significantly increased the total
phenolic content of tarhana (p<0.05). It is thought that almond kernels have a high total amount of phenol and
tocopherol to achieve this result (Kornsteiner et al., 2006). The results of the analysis of variance of antioxidant
activity in Tarhana samples are shown in Table 4. When the results were examined, the effect of almond ratio on
antioxidant activity was found to be statistically significant (p<0.05). Among the values, tarhana samples
containing 30% almond pulp have the highest antioxidant activity; the value is 430+0.00 mg TroloxE/kg. Tarhana
variety with the lowest antioxidant activity was the control group; the value is approximately 150mg TroloxE/kg
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sample. When the results were examined, it was understood that the antioxidant amount of the samples increased
significantly due to the almond pulp contribution. The antioxidant content of the tarhana group, which had the
highest almond pulp addition, was found to be approximately three times that of the control group (p<0.05).

3.5 Sensory properties of Tarhana samples

Panelists reported a significant color difference between the control and almond pulp tarhana samples, and they
preferred the almond pulp tarhana samples to the control tarhana (Table 5). In the control tarhana samples without
almonds, it is estimated that the pepper, tomato paste, and mint in the formulation do not contribute much to the
color attractiveness. In this case, it is thought that the almond pulp added to the tarhana improves the soup's appeal
by changing the color of the product. Tarhana soups with 5% almond pulp were the most appreciated in terms of
color. This is thought to be related to the fact that it contains almond additive at the rate closest to the usual tarhana
color. It is estimated that other tarhana soups with almond pulp additions are therefore less appreciated as the color
darkens as the almond ratio increases.

Table 5. Sensory properties of Tarhana samples

Almond Color and Smell Consistency Taste and General
Ratio (%) appearance Flavor Acceptability
K 6.10+1.45b 6.70+1.25 7.90+£1.10 6.80+1.81 6.70+1.34

B5 8.30+0.82a 7.60+1.51 8.30+1.06 7.80+1.55 7.80+1.32
B10 8.10+0.74a 7.60+1.51 8.10+0.32 7.70+1.34 7.70+1.06
B15 8.20+1.32a 7.90+1.10 7.90+1.29 7.80+1.14 8.00+0.94
B20 7.90+0.99a 7.60+1.27 7.90+1.10 7.70+1.57 7.70+1.16
B25 7.50+0.85ab 7.60+1.17 7.40+1.08 8.00£1.05 7.60+0.97
B30 8.00+1.05a 7.60+1.35 7.50+1.18 8.00£1.56 7.80+1.55
MSE 1.125 1.730 1.121 2.111 1.459

MSE: mean squared error, Results were expressed as mean+standard deviation. These data are the average of three
replicates. There is no statistically significant difference between the means marked with the same lower-case
letters in the same column (p>0.05).

Tarhana sample, which has the highest odor score, is a sample containing 15% almond pulp and its average
value is; 7.9£1.10; and the lowest odor group was the tarhana control group with a mean value of 6.7+1.25. There
was no statistically significant difference between soup types (p>0.05). The most popular soup in terms of smell
was found to be tarhana with almond pulp added 15%.

The Tarhana sample with the highest consistency score is 5% almond pulp soup, with an average value of
8.30+1.06; the group with the lowest consistency score is 25% almond pulp soups and the average value is
7.40+1.08. There was no statistically significant difference between the soup types in terms of consistency (p>0.05).
Tarhana soups with 5% almond pulp added have the most popular consistency. Considering that the cooking time
of tarhana samples is 10 minutes, it is estimated that this time is the most appropriate time for soups with 5%
almond pulp added among all groups.

In Table 5, values of taste-aroma analysis among tarhana samples are given. Among these values, tarhana
sample with the highest taste-aroma score is a tarhana sample containing 30% almond pulp, with an average value
of 8.00 +1.56 the control group had the lowest taste-aroma score, with a mean value of 6.80+1.81. There was no
significant difference in taste-aroma between soup types (p>0.05). When some studies were examined, various
flours such as barley flour, quinoa flour, and corn flour were used instead of wheat flour, and these products were
scored low in terms of general acceptability (Erkan et al., 2006; Ugok et al., 2019). However, wheat flour was used
in this study and no other flour was substituted in the formulation. Therefore, it is estimated that the almond has a
position effect on the increase of general acceptability.

4. Conclusion

It was determined that the amount of protein, inorganic matter, and fat increased significantly with the increase
in the use of almond pulp in tarhana. It has been determined that the high amount of protein and fat content and
inorganic substance composition of almond fruit are reflected in the tarhana samples, increasing the nutritional
quality significantly.
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It was determined that the total phenolic substance and antioxidant activity values increased with the increase
in the amount of almond pulp additive in the tarhana samples, and it was determined that the strong antioxidant
amount in the almond composition was reflected in the tarhana samples. Furthermore, it is estimated that spices
such as red pepper, mint, and onion in the formulation have a positive effect on the antioxidant activity of tarhana.

When the sensory properties of tarhana soups were examined, the almond pulp-added tarhana samples were
more appreciated than the control samples in terms of color and odor. It has been determined that tarhana with
high almond content in terms of taste and aroma is preferred. It is thought that the aromatic compounds in almonds
and the oil have a positive effect on the taste and aroma of soups. When the soups were evaluated overall, it was
determined that the soups with almond pulp were preferred over the control group soups.

It is thought that the use of fruit or fruits with high nutritional power and antioxidant capacity as additives in
the production of tarhana in the future, which can positively affect the taste and appearance, will enrich the tarhana.
Thus, it is thought that tarhana will not only expand the domestic production volume but also make a significant
contribution to our country's economy.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kilis Ili Tarim Topraklarinin Beslenme Durumunun Incelenmesi

Investigation of Nutritional Status in Kilis Province Agricultural Soils

Ahmet KILICY, Meryem KUZUCU?, ibrahim Samet GOKCEN?®

Oz

Bu calismada, Kilis ili merkez ve ilge kdylerinde yer alan tarim topraklarinin verimlilik diizeyi incelenmistir. Bu
amagla topragin 0-30cm derinliginden alinan 6rneklerde biinye, pH, EC, CaCOg3, organik madde, fosfor ve
potasyum analizleri yapilmistir. Topragin bazi fiziksel ve kimyasal analizlerinin belirlenmesi i¢in alinan 40 adet
toprak 6rnegi verimlilik bakimindan degerlendirilmistir. Elde edilen sonuglara gére, Kilis ili tarim topraklarinin
hafif alkali reaksiyonlu oldugu, %55’inin killi, %30’unun killi tinli, %15’inin ise tin tekstiire sahip oldugu,
topraklarin organik madde igerigi bakimindan %12.5’i ¢ok az, %50’ si az, %32.5’1 orta diizeyde ve %5’1 yeterli
smifina dahil olmustur. Kilis ili tarim topraklari genel olarak tuzsuz, %2.5’inin kiregli, %67.5’inin orta
kiregli, %22.5’inin fazla kire¢li ve %7.5’inin ¢ok fazla kiregli oldugu belirlenmistir. Tarim topraklarinda yiiksek
kire¢ iceriginin, fosfor gibi bazi 6nemli besin elementlerinin alinabilirligini sinirlandirdigi ortaya ¢ikmustir. Kilis
ili tarim topraklar1 yeterli diizeyde potasyuma sahip olup, %24’iiniin fosfor igeriginin ¢ok az, %14’iiniin az
ve %2’sinin orta sinifa dahil oldugu belirlenmistir. Siirekli ve verimli bir bitkisel iiretim i¢in topraktan kaldirilan
besin maddesinin tekrar topraga ilave edilmesi gerekmektedir. Kilis ili iireticileri yiiksek kire¢ ve diisiik organik
madde igeren bu topraklarda, giibreleme yapmadan iiretim gergeklestirmektedir. Toprakta var olan besin maddesi
yillar itibariyle bitkiler tarafindan tiiketilmektedir. Bu siire¢ neticesinde topragin verimliligi azalmakta ve {iriin
verimi diismektedir. Ilimiz {ireticileri, ekonomik nedenlerle mineral giibre kullanimim siirli tutmaktadirlar.
Yabanci ot probleminden dolayi ¢iftlik giibresi de tercih edilmemektedir. Kilis ilinde genellikle tarla bitkileri ve
sebze yetistirilen tarim topraklarinda beslenme sorunlarinin bulundugu, bitkilerin ihtiyag duydugu donemlerde,
toprak analizleri sonucuna gore, gereken miktarda giibre uygulanmasi gerekmektedir. Ayrica organik giibre
kullanimina 6nem verilmesi ve bdylece topragin siirdiiriilebilir verimliligi saglanmalidir.
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Kilig & Kuzucu & Gokgen
Kilis ili Tarim Topraklarinin Beslenme Durumunun incelenmesi

Abstract

In this study, the productivity level of agricultural lands in the central and district villages of Kilis province was
investigated. For this purpose, texture, pH, EC, CaCOs, organic matter, phosphorus and potassium analyzes were
made in the samples taken from 0-30 cm depth of the soil. To determine some physical and chemical analyzes of
the soil, 40 soil samples were evaluated in terms of productivity. According to the findings, the agricultural soils
of Kilis province have a slightly alkaline reaction, 55% are clayey, 30% are clay loam, 15% have loam texture,
12.5% of the soils are very low in terms of organic matter content. 50% were in the low, 32.5% moderate and 5%
goad class. It has been determined that the agricultural soils of Kilis province are generally unsalted, 2.5% lime,
67.5% moderately lime, 22.5% highly lime and 7.5% too high lime. It has been revealed that high lime content in
agricultural soils limits the availability of some important nutrients such as phosphorus. Agricultural soils in Kilis
province have sufficient potassium, 24% of them have very low phosphorus content, 14% are low and 2% are in
the middle class. For a continuous and efficient plant production, the nutrient removed from the soil must be added
to the soil again. Producers Kilis province produce in these soils with high lime and low organic matter without
fertilization. Nutrients in the soil are consumed by plants over the years. As a result of this process, the fertility of
the soil decreases and the product yield decreases. Producers of our province limit the use of mineral fertilizers for
economic reasons. Due to the weed problem, farm manure is not preferred. According to the results of the soil
analysis, the required amount of fertilizer should be applied during the periods when there are nutritional problems
in the agricultural lands where field crops and vegetables are grown in Kilis and when the plants need it. In addition,
importance should be given to the use of organic fertilizers and thus sustainable fertility of the soil should be
ensured.

Keywords: Soil, Agriculture, Productivity, Nutrient element, Kilis.

632



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(3)

1. Giris

Kilis ilinde tarim 6nemli bir sektor konumundadir. Yiiz6lgtimii 1 milyon 412 bin dekar olan ilde, toplam tarim
alan1 1milyon 17bin dekardir. Cift¢i kayit sistemine kayitli 9 bin iireticisi bulunmaktadir. Tarimsal tiretimde dig
pazara ulasim olanaklar1 sinirlidir. Kilis ili Akdeniz iklimi ile karasal iklimin kesistigi bolgede bulunmaktadir, bu
iklimlerin sahip oldugu 6zellikler ilde hakim durumdadir. Sicak ve kuru hava bazen yerini serin ve nemli havaya
birakarak, farkli klimatolojik 6zellikler gostermektedir. Bu nedenlerle Kilis ili tarimsal potansiyeli ve {iriin
cesitliligi yoniinden zengin bir ilimizdir. ilin sahip oldugu iklim ve toprak yapisi tarimsal iiretimde cesitliligi
artirmaktadir. Kilis ilinde diinya ¢capinda 6nem kazanmus iiriin ¢esitlerinin yani sira farkli ekolojilere adapte olmus
iiriinler de yetisebilmektedir (Anonim, 2022).

Kilis ilinde tarim {iriinlerinin tarim arazilerine dagilimi ve bu alanlarda gergeklestirilen tiretim miktarlar1 Tablo
1’ de verilmistir. Kilis ili tarimsal arazi varlig1 yoniinden genis iiretim alanlarina sahiptir. Bu arazi varligina ragmen
tiretim miktarlari istenilen seviyeye ulasmamustir.

Tablo.1. Tarum iiriinlerinin tarum arazilerine dagilimi ve iiretim miktart

Table.1. Distribution of agricultural products on agricultural lands and production amount

2002 2020 2021
. Uretim Ul:etlm Uretim Ul:etlm Uretim Ul:etlm
Uriin Alami (ha) Miktar: (@) Miktar: Alami (ha) Miktar
(ton) (ton) (ton)
Meyve 351.530 71.247 552.666 163.884 543.167 130.417
Sebze 132.520 224.529 49,182 125.716 53.615 139.600
Tarla 520.270 101.317 360.010 89.547 374.107 71.591

(TUIK, 2021)
Tablo.2. Kilis ili 2021 yuli tarla ve bahge iiriinleri iiretim verileri

Table.2. Kilis province 2021 field and garden products production data

Tiirkiye Uretimi

Uriin Ad1 Tiirkiye Uretimi (ton) i1 Uretimi (ton) icindeki Pay1 (%)
Uziim 3.670.000 51.685 1.41

Kirmizibiber 284.694 46.465 16.32

Zeytin 1.738.680 24.000 1.38

Domates 13.095.258 22.420 0.2

Bugday 17.650.000 49.943 0.28

Arpa 5.750.000 12.412 0.22

Mercimek (Kirmizi) 228.000 2.520 1.11

(TUIK, 2021)

Kilis ilinde yetistirilen bazi tarla bitkileri ve sebzelerin Tiirkiye {iretimi i¢indeki pay1 istenilen seviyelere
ulagsmamis oldugu goriilmektedir (Tablo.2). Tarimsal {iretim kishik tarla iriinlerinde kuru tarim olarak
gerceklestirilirken, ilimizde sebze iiretimi ¢ogunlukla damla sulama ile yapilmaktadir. Manisa-Akhisar’da biber
yetistiriciligi yapilan topraklarin organik madde, toplam azot, alinabilir fosfor, demir ve mangan igeriklerinin
yetersiz oldugu, organik giibrelerin yaninda azot, fosfor, demir ve manganli giibreleri kullanmalar1 gerektigi
bildirilmistir (Erdogan Bayram ve ark., 2019). Ozellikle meyvecilikte kuru iiretimin yaninda bakim ve giibreleme
islemleri eksik ve geleneksel uygulamalara bagl kalinarak yiiriitiilmektedir. Bu nedenle tarim topraklar1 zamanla
verimini kaybetmekte ve liretim azalmaktadir. Tarimsal tiretim yapilan topraklarin mevcut verimlilik diizeylerinin
korunmasi ve iyilestirilmesi igin ¢iftgiler gerekli 6nlemi almalilardir (Basar, 2001). Salihli yoresi baglarinin,
organik madde igeriginin diisiik oldugu ve organik giibrelemeye Onem verilerek, toprak organik maddesi
artirilmalidir (Yagmur ve Okur, 2017).
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Tarim arazilerinde siirdiiriilebilirligi saglamak ve devamlt iiriin verimi i¢in toprak verimliligine gereken 6nemi
verilmelidir. Aksi takdirde topragin verimliligi azalmakta ve siirekli bir verim diisiikligii yasanabilmektedir
(Giinal, 2008). Topragin verimliliginin devamut i¢in giibreleme en 6nemli kiiltiirel tedbirlerden birisidir. Tarim
arazilerinin beslenme problemleri belirlenmeli ve uygun ¢6ziim Onerileri gelistirilmelidir (Saglam, 2008). Toprak
tekstiirii topragin onemli bir fiziksel 6zelligi olup verimlilik i¢in énem arz etmektedir. Topraklarin porozitesi,
hacim agirligi, penetrasyon direnci, besin ve su tutma kapasitesi ve hidrolik iletkenlik gibi topragin birgok
ozelligini etkiledigi bilinmektedir (Ersahin, 2001).

Bitki besleme ve giibreleme, tarimsal iiretimde istenilen verim diizeyine ulasabilmek icin topraga besin
maddelerinin ilave edilmesi olarak tanimlanmaktadir. Tarim topraklarinda verimliligi arttirmanin en etkili yolu
giibreleme yapmaktir. Besin maddeleri topraga veya bitkiye uygulanabilir. Bu sekilde topraklarin fiziksel kimyasal
ve biyolojik yapisi iyilestirilebilmektedir. Glibreleme yapilmadan iiretime devam edilirse topraklar verimliligini
kaybedebilirler. Toprak analizleri ile topragin besin igerigi belirlenebilir ve bu sekilde dogru zaman ve miktarda
giibreleme yapilmalidir. Bu giibreleme ancak toprak analizleri sonucuna gore yapilmalidir ve bdylece toprak
verimliligi artirtlmis olur (Saglam, 2012).

Kilis ilinde tarimsal iiretim genellikle kuru kosullarda yapilmaktadir. Baz1 donemlerde yagis azligi ile tarim
tirtinleri i¢in ihtiya¢ duyulan su temin edilememektedir. Su azliginin yaninda giibrelemeye de gereken dnem
verilmemektedir. Bu sebeplerden dolay: iiriin veriminde azalmalar yasanmaktadir. Tarim arazileri siirekli
islenmekte ve igerigindeki besin maddesi yillar itibariyle azalmaya devam etmektedir. Topragin verimliligini
artiracak, giibreleme sulama, nadas, ekim ndbeti, azaltilmig toprak isleme gibi topragi koruyucu faaliyetlerin de
yetersizligi ile topraklar verimliligini yitirmektedir. Bu caligmada, Kilis ilinin tarim topraklarinin verimlilik
durumlarimin belirlenmesi, baz1 fiziksel ve kimyasal 6zelliklerinin incelenmesi, dogal bir kaynak olan topragin
bilingli kullanilmasi, tarim arazilerinde verimliligin artirtlmasi igin toprak analizlerinin yapilmasi ve analiz
sonuglarina goére tarim topraklarinin verimlilik durumunu incelemek i¢in yapilmistir.

2. Materyal ve Metot
2.1. Materyal

Kilis ili ve ilge kdylerinde, kuru ve sulu kosullarda yetistirilen arpa, bugday, mercimek, nohut, fig, biber, karpuz
gibi tarmmsal iirtinlerin yetistirildigi, tarim topraklarmm 0-30cm derinliginden alinan toprak 6rnekleri bu ¢alismanin
materyalidir. Laboratuvara getirilen toprak drnekleri hava kurusu hale getirildikten sonra 2 mm’lik elekten gegirilerek
analize hazir hale getirilmistir. Bu ¢aligmada, 2020-2021 yillar1 icerisinde, Kilis ilini tamamen temsil edebilecek
bolgelerden alinmig 40 adet toprak 6rnegi kullanilmastir (Sekil. 7).

2.2. Metot

Toprak 6rneklerinde toprak biinyesi Bouyoucos hidrometre yontemiyle (Bouyoucos, 1951). Organik madde
miktar1 (%): (Walkley and Black, 1934) dikromat oksidasyon yontemine gore, Kalsiyum karbonat (%): Scheiber
kalsimetresi ile (McLean, 1982), alinabilir fosfor (P20s) 0.5 N NaHCOj ile (Tiiziiner, 1990; Olsen ve Sommers,
1982) alinabilir potasyum (K20): 1.0 N Amonyum asetat (pH 7.0) kullanilarak ekstrakta ge¢mis potasyum
fleymfotometrede okunarak (Tiziiner, 1990), (Chapman ve Pratt,1961) toprak reaksiyonu, saturasyon ¢amuru ile
pH metre ile toprak reaksiyonu &l¢iilmiis, yine saturasyon ¢amurundan toplam eriyebilir tuz miktar1, EC metre
(Richards, 1954), (Tiiziiner, 1990) ile belirlenmistir.

Toprak 6rneklerinin alindig1 noktalar Kilis ili ve ilgelerini genel anlamiyla temsil edecek nitelikte dagilima
sahiptir (Sekil.1). Degerlendirmeye alman 40 adet toprak orneginin alindig ilge, kdy ve Orneklenen noktanin
koordinatlar1 Tablo 3’te verilmistir.
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Tablo.3 Toprak ornegi alinan kiyler ve koordinatlar

Table.3 Villages from which soil samples were taken and their coordinates

Enlem-Boylam(N-E)

Toprak no il ilce Koy Koordinatlari

1 Kilis Elbeyli Akgaagil 36°47'38.3"N 37°26'18.9"E
2 Kilis Merkez Giivenli 36°48'57.3"N 37°16"32.1"E
3 Kilis Merkez Karamelik 36°47'25.9"N 37°15'03.6"E
4 Kilis Musabeyli Balikli 36°54'21.3"N 36°55'56.8"E
5 Kilis Merkez Besenli 36°47'16.0"N 37°03'14.9"E
6 Kilis Elbeyli Havuzlugam 36°39'52.4"N 37°24'00.5"E
7 Kilis Polateli Bagarasi 36°49'51.5"N 37°03"24.4"E
8 Kilis Polateli Polatbey 36°48'14.3"N 37°1123.0"E
9 Kilis Merkez Saatli 36°47'12.2"N 36°52'20.8"E
10 Kilis Merkez Uzunlu 36°46'06.8"N 37°13'05.7"E
11 Kilis Polateli Yeniyapan 36°51'54.4"N 37°13'33.6"E
12 Kilis Merkez Hacipoglu 36°48'01.2"N 36°5724.6"E
13 Kilis Merkez Duruca 36°45'18.1"N 37°01'46.7"E
14 Kilis Elbeyli Alahan 36°39'52.9"N 37°26'17.3"E
15 Kilis Merkez Cercili 36°48'32.6"N 36°46'26.1"E
16 Kilis Merkez Tahtali 36°48'32.6"N 36°46'26.1"E
17 Kilis Merkez Glimiissuyu 36°48'36.4"N 37°17'27.5"E
18 Kilis Polateli Uriinlii 36°50'31.7"N 37°05'49.0"E
19 Kilis Polateli Dimbiillii 36°48'59.1"N 37°01'38.4"E
20 Kilis Merkez Tanbural 36°45'52.5"N 37°06"28.0"E
21 Kilis Merkez Corten 36°46'25.0"N 37°17'47.8"E
22 Kilis Merkez Yavuzlu 36°41'44.8"N 37°16'20.4"E
23 Kilis Musabeyli Cayiralt: 36°56'24.8"N 36°59'28.8"E
24 Kilis Elbeyli Giivendik 36°41'34.5"N 37°22'30.4"E
25 Kilis Merkez Magaracik 36°48'08.1"N 36°50'44.6"E
26 Kilis Merkez Acar 36°44'39.3"N 37°11'37.8"E
27 Kilis Merkez Inanl 36°39'58.1"N 37°09'54.7"E
28 Kilis Musabeyli Asagibademli 36°55'52.1"N 36°58'00.1"E
29 Kilis Merkez Kiipliice 36°45'10.5"N 37°14'35.8"E
30 Kilis Polateli Belenozii 36°52'40.1"N 37°04'21.2"E
31 Kilis Elbeyli Cildiroba 36°38'55.9"N 37°24'22.9"E
32 Kilis Musabeyli Kiirtiinciik 36°56'11.9"N 36°58'16.9"E
33 Kilis Merkez Bulamagh 36°48'59.9"N 36°48'50.9"E
34 Kilis Musabeyli Dorucak 36°51'16.8"N 36°53'07.7"E
35 Kilis Merkez Cukuroba 36°45'53.2"N 37°08'36.0"E
36 Kilis Merkez Akgabaglar 36°40'17.4"N 37°03'48.6"E
37 Kilis Musabeyli Bozkaya 37°00724.1"N 36°58'26.4"E
38 Kilis Merkez Hisarkoy 36°49'51.9"N 36°45'52.8"E
39 Kilis Musabeyli Hiiseyinoglu 36°55'41.2"N 36°55'41.2"E
40 Kilis Elbeyli Yagiz 36°40'51.1"N 37°21'49.7"E
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Figure.1. Soil samples taken from Kilis province
Sekil. 1 Kilis ili toprak drneklerinin alindigi noktalar
3. Arastirma Sonugclar1 ve Tartisma

Kilis ilinde tarimsal {iretim yapilan topraklarin bazi fiziksel ve kimyasal 6zelliklerine ait degerler Tablo 3’te
verilmistir. Kilis ilini temsilen merkez ve ilge koylerden alinan toprak oOrneklerinin verimlilik durumu
belirlenmistir. Topraklarin verimlilik durumu belirlenirken (Ulgen ve Yurtsever, 1995)’e gore kabul edilen smir
degerler dikkate alinarak degerlendirilmistir (Tablo.4).

Tablo.4 Toprak verimliliginde kabul edilen sinir degerler

Table.4 Accepted limit values in soil fertility

Toprak Analizi

Kabul Edilen Sinir Degerleri

PH ;3@ N 4555ie  5565ie  65-75ie  75-85ise ;ﬁfvfﬁl
asit Orta Asit Hafif Asit Notr Hafif Alkali Alkali
e o
Kireg (%) 0 i;se 1-5ise  5-15iseOrta  15-25ise  >25ise Cok
Kirecli Kiregli Kiregli Fazla Kire¢li  fazla Kiregli
Tekstiir 0-30 ise 30-50 ise 50- 70 ise . . >110 ise
(%Saturasyon) Kum Tin KilliTin  (O-HOIse Kl Kl
0 -
Tuz (%) 0015 0150350 035-065ise  >0.65 isc Cok
Hafif Tuzlu Orta Tuzlu Tuzlu
Tuzsuz
Organik Madde  0-1ise . . . >4 ise
(%) Cok az 1-2 ise Az 2-3 ise Orta 3-4 ise Lyi Yiiksek
Fosfor (kg/da) <3ise . . 9-12 ise >12 Cok
Cok az 3-6ise Az 6-9 ise Orta Yiiksek Yiiksek
Potasyum (kg/da) <20 ise 20-30 ise 30-40 ise >40 ise Fazla
Az Orta Yeterli

Kaynak: Ulgen ve Yurtsever (1995)

Genellikle tarla bitkileri ve sebze iiretiminin yogun olarak yapildig1 bu 6rnekleme yapilan kdylerde topraklarin
hafif alkali reaksiyona sahip oldugu belirlenmistir. Tarim topraklarinin pH degerleri 6.73 ile 8.11 arasinda
degismektedir. Kireg icerigi ise % 4.462 ile % 56.146 arasinda degismekle birlikte ortalama olarak orta kiregli
smifinda yer almustir.

Topraklarin fosfor igerigi 0.95 kg/da? ile 10.66 kg/da™ arasinda degismekle birlikte, genel olarak az oldugu,
potasyum igeriginin ise; 25.42 kg/da™ ile 167.15 kg/da! arasinda olup yeterli diizeyde ve tuzsuz topraklar oldugu

636




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(3)

belirlenmistir. Organik madde icerigi yoniinden bu tarim topraklari, % 0.62-% 3.15 arasinda elde edilen degerlerle,
az diizeyde organik madde igeren topraklar sinifina dahil olmustur. Kilis ili tarim topraklarimin killi, killi tin ve tin
biinyeye sahip oldugu belirlenmistir (Tablo 5).

Tablo.5 Kilis ili tarum topraklarinin bazi fiziksel ve kimyasal analizleri

Table.5 Some physical and chemical analysis of agricultural soils in Kilis province

Toprak : Organik  Fosfor  Potasyum
ornegi Koy pH Tekstiir 2;2; I%;;(SG Madde . Y .
No (%) (kg/ida™)  (kg/da™)

1 Akgaagil 7.14  Killi 0.0581 56.146 1.73 10.66 80.97
2 Giivenli 7.18 Killi 0.0439 10.884 1.92 5.03 72.56
3 Karamelik 7.62 Killi 0.0474 16.401 2.05 5.08 67.50
4 Balikli 7.65 Killi 0.0370 11.057 3.15 4.69 50.00
5 Besenli 7.75  Killi 0.0660 7.474 3.10 5.03 87.50
6 Havuzlugam  7.71 Killitin 0.0427 4.462 1.18 1.24 86.45
7 Bagarasi 7.73  Killi tin 0.0417 8.607 1.47 2.18 67.20
8 Polatbey 7.82  Killi tin 0.0428 8.036 1.40 1.12 65.18
9 Saatli 8.11 Killitin 0.0382 12.817 2.04 2.14 70.32
10 Uzunlu 8.20 Killi tin 0.0368 18.306 1.17 5.32 75.25
11 Yeniyapan 7.87 Tinh 00272  24.959 242 5.08 88.66
12 Hacipoglu 7.98 Tinh 0.0155 18.220 1.38 412 85.24
13 Duruca 8.02 Tmh 0.0207 7.095 121 1.24 40.15
14 Alahan 6.97 Killi 0.0332 9.833 2.40 2.40 32.78
15 Cergili 7.07  Killi 0.0631 14.628 0.99 4.86 93.61
16 Tahtal1 7.15 Killi 0.0770 19.551 2.10 5.95 103.50
17 Gilimiigsuyu 7.36  Killi 0.0407 18.803 1.09 5.13 62.35
18 Uriinlii 7.52  Killi 0.0489 11.848 2.17 2.03 67.45
19 Diimbiillii 7.62  Killi 0.0474 8.401 1.47 1.03 71.28
20 Tanburali 7.12  Killi 0.0636 6.861 2.10 5.20 95.17
21 Corten 7.70 Killi 0.0588 28.142 121 8.07 99.45
22 Yavuzlu 7.74  Killi 0.0517 5.428 0.62 2.06 27.67
23 Cayiralti 7.76  Killi 0.0651 15.276 2.60 1.40 57.22
24 Giivendik 7.80 Killi 0.0480 9.849 1.84 2.12 71.42
25 Magaracik 7.46  Killi tin 0.0405 14.125 247 3.10 67.85
26 Acar 7.75 Killi tin 0.0445 16.227 1.75 1.73 95.62
27 Inanh 7.76  Killi tin 0.0410 5.223 1.12 2.03 64.23
28 Asagibademli 7.84 Killi tin 0.0329 6.188 1.47 2.08 86.52
29 Kiipliice 7.85 Killi 0.0502 5.706 2.16 2.13 149.25
30 Belenozii 7.85 Killi 0.0779 8.438 1.10 1.26 67.40
31 Cildiroba 7.93 Killi 0.0599 6.429 0.96 1.81 63.56
32 Kiirtiinctik 7.84 Killi 0.0508 12.677 1.14 4.06 113.41
33 Bulamach 7.88 Killitin 0.0342 9.418 1.66 1.09 101.25
34 Dorucak 7.92  Killitin 0.0434 12.429 0.98 2.14 72.18
35 Cukuroba 7.95 Killitin 0.0428 5.625 1.13 0.95 67.52
36 Akcabaglar 7.85 Tinl 0.0185 17.818 2.07 1.71 70.81
37 Bozkaya 6.73 Tinl 0.0193 53.124 1.55 2.17 68.12
38 Hisarkoy 6.76 Tinl 0.0274 10.394 2.10 3.32 71.66
39 Hiiseyinoglu  7.48 Killi 0.0557 13.285 2.14 241 167.15
40 Yagiz 7.52  Killi 0.0412 12.512 0.86 1.27 25.42
Min. 6.73 0.0155 4.462 0.62 0.95 25.42
Max. 8.11 0.0779 56.146 3.15 10.66 167.15
Ortalama 7.62 0.039 14.067 1.68 3.16 76.7

Topragin organik madde igerigi, su tutma kapasitesini, havalanmasini, infiltrasyonu, sicakligi ve striiktiirii gibi
fiziksel ozelliklerinin iyilesmesine katkida bulunarak topragin muhafazasi {izerine etkili olmaktadir (Anonim,
1968). Kilis ili topraklari organik madde igerigi ortalama %1.68 olup az olarak belirlenmistir (Tablo. 5).
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Tarim topraklarinin yarisinin organik maddesi az diizeyde, sadece % 5’lik kismi organik madde igerigi
yoniinden iyi sinifina dahil olurken, % 12.5’i ¢ok az olarak belirlenmistir. Organik madde ayn1 zamanda topragin
kimyasal ozelliklerini de iyilestirmektedir. Katyon degisimi, besin elementi icerigi ve besinlerin yarayiglilig:
iizerine katkida bulunmaktadir. Ozellikle ¢iftlik giibresi uygulamalar1 topragin organik maddesini, fosfor ve
potasyum igerigini artirmaktadir (Magdoff ve Van Es, 2000; irget ve Cengiz, 2018). Organik giibre kullanimi insan
sagligini koruma ve bilingli tarimsal {iretim igin giiniimiizde 6nem kazanmaktadir. Ayrica tarim iriinlerinin
kalitesinin bozulmasini da 6nlemektedir. Basta leonardit ve ¢iftlik giibresi olmak {izere cesitli organik giibreler,
kimyasal giibrelerin toprak ve su kaynaklarinda yarattifi olumsuzluklar1 giderebilmektedirler (Adiloglu ve
Adiloglu, 2017).

Kilis ili tarim topraklarinin ortalama pH’s1 7.62 olup hafif alkali simifinda yer almistir (Tablo.5). Alkali
topraklarin pH’sinin diisiiriilmesi i¢in siilfat igeren giibreler basarili olmaktadir. Organik maddenin yetersiz oldugu
topraklarda organik giibreler fayda saglamaktadir. Organik giibrelerden ahir giibresi, yesil giibreleme ve ¢esitli
kompost uygulamalari topraga organik madde ilavesi i¢in kullanilabilecek en iyi uygulamalardir (Kacar ve Katkat,
2007). Kiregli topraklarin pH’siin hafif alkali diizeyde oldugu birgok ¢aligma sonucunda bildirilmistir (Doran ve
ark., 2008).

Kilis ili tarim topraklar1 Soil Survey Staff, (1951) ve Ulgen ve Yurtsever, (1995)’in belirledigi sinir degerine
gore tuzsuz sinifinda yer almistir (Tablo.4). Toprak tuzlulugu topragin verimliligini biiyiik 6l¢iide etkilemektedir.
Toprak ¢ozeltisinin ozmotik potansiyelini degistirmekte ve ayrica degisebilir sodyum igerigini artirmaktadir.
Tuzluluk problemi zaman igerisinde topraklarda fiziksel Ozellikleri etkileyerek verimde azalmalara neden
olmaktadir (Richards ve ark., 1954).

Tin tekstiire sahip topraklar bitki gelisimi bakimindan fiziksel ve kimyasal 6zellikleri optimum kosullar
saglamaktadir. Bitki besin elementi igerigi, su ve hava dolasimi ve kapasiteleri iyidir. Tarim igin en ideal topraklar
kumlu tin ile killi tin arasindaki tinl1 topraklardir. Tinl1 topraklar bitki gelisimi i¢in ideal kosullari saglamaktadirlar
(Cepel, 1996). Kilis ili tarim topraklarinin yarisindan fazlasi kil biinyeye sahip olurken, % 30°u killi tin ve % 15’1
ise tin biinyeli olarak tespit edilmistir. Orneklenen tarim arazileri, tekstiir yoniinden tarimsal {iretim i¢in uygun
bulunmustur. Tekstiir ile besin maddesi alimi arasinda bir iliski oldugu yapilan bazi ¢aligmalarla belirlenmistir.
(Karadavut ve ark., 2011) toprakta silt ve organik madde arasinda pozitif iliski bulunurken, toplam azot icerigi ile
kum igerigi arasinda dnemli diizeyde negatif iligki bulunmustur. Kaba biinyeli topraklarin su besin maddesi tutma
ozelligi zayif olmaktadir.

Topraklar kireg igerigi yoniinden degerlendirildiginde, % 22.5’inin fazla, % 7.5’inin ¢ok fazla kirecli oldugu
belirlenmistir. % 67.5°1 orta kiregli olan Kilis ili topraklar1 genel olarak kiregli topraklar sinifinda yer almistir. Ana
materyalin yer yer kirectasi kalkerden olusmasi il topraklarmin kire¢ oraninin yiikksek olmasinin sebebi oldugu
distiniilmektedir. Toprakta kirecin kimyasal ayrismasi sonucu topraklarin pH’sinin da arttigi diigiiniilmektedir
(Uysal ve ark., 2016). Tarim topraklarmin kire¢ icerigi ve pH’s1 yiiksek oldugu durumlarda bitki besin
elementlerinin alimi1 ve yarayishiligi simirlandirilmaktadir (Kacar, 1994). Kirecli topraklarda makro besinlerin
yaninda bazi mikro besinlerin de alimi1 sinirlanmaktadir. Zn uygulamasi ile misir bitkisinin kuru madde verimi ve
Fe aliminin arttig1 istatistiksel olarak anlamli bulundugu bildirilmistir (Adiloglu, 2003).

Topraklarm % 24’iniin fosfor igeriginin ¢ok az, % 14’{iniin az ve sadece % 2’sinin fosfor iceriginin orta
diizeyde oldugu tespit edilmistir. Kireg icerigi yiiksek alanlarda fosfor besin elementinin yarayigliligi azalmaktadir.
Buna karsin toprak kolloidlerinde fosforun fiksasyonu artmaktadir. Tarim topraklarinda yer yer kireg igeriginin
yiiksek oldugu noktalarda topragin fosfor icerigi yiiksek bulunmustur (Tablo.5). Tarim topraklarimizin fosfor
icerigi genellikle diisiik miktarlardadir. Yerkabugundan bulunan ve fosfor igeren Apatit gibi primer toprak
mineralleri topragin fosfor icerigine katkida bulunmaktadir (Karkanas ve Goldberg, 2010). Ulkemiz topraklarmnin
besin maddesi igeriginin belirlendigi birgok ¢aligsmada, yaygin fosfor noksanligi oldugu belirlenmistir (Akca ve
ark., 2015). Manisa ili Turgutlu il¢esi baglarinda alman toprak 6rneklerinin besin elementi analizleri ile incelenmis
ve toprak orneklerinin % 50’si azotga, % 63’1 fosforca, % 57’si potasyumca fakir oldugu belirtilmistir (Tepecik
ve ark., 2014).

Kilis ili topraklari potasyum igerigi yoniinden ortalama 76.77 kg/da? olarak belirlenmis olup Ulgen ve
Yurtsever (1995)° e gore fazla potasyum igeren topraklar sinifinda yer almistir (Tablo.4). Ulkemiz topraklari
potasyumca zengin topraklardir. Feldspat ve mika igeren kayaglar topragin potasyum kaynagini olusturmaktadir.

638



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(3)

Bazi caligmalarda kum icerigi yiiksek kaba biinyeli topraklarin potasyum iceriklerinin diisiik oldugu belirlenmistir
(Celik ve Dengiz, 2018).

4. Sonug

Tarimsal iiretimin kuru kosullarda yapildig1 Kilis ili tarim topraklarinm hafif alkali reaksiyonlu oldugu ve pH
bakimindan tarima uygun oldugu, killi tin ve tinh topraklardan olustugu ve bitki besleme yoniinden uygun tekstiire
sahip oldugu belirlenmistir. En fazla kire¢ % 56.146 ile Ak¢aagil koyiinden alman 6rneklerde tespit edilmis ve Kilis
ilinde tarimsal {iretim yapilan topraklar, ortalama % 14.067 kire¢ icerigi ile orta diizeyde kirecli topraklar oldugu
belirlenmistir. Organik madde icerigi ortalama % 1.68 ile az, alinabilir fosfor icerigi ortalama 3.16 kg/da® ile az,
alinabilir potasyum ortalama 76.77 kg/da? ile fazla oldugu belirlenmistir. Kilis ili tarrm topraklarmm tuzsuz oldugu
ve bunun tarimsal iiretim i¢in énemli bir avantajdir. Tuzsuz topraklarin varligmin korunmasi gerekmektedir. Uzun
yillar yagis ortalamasi 350-450 mm arasinda degisen Kilis ilinde yagis azlig1 besin maddelerinin yarayishiligini
sinirlandirmaktadir. Yogun kireg igerigine sahip bu topraklarda fosfor gibi verimlilige etki eden bazi 6nemli besin
maddelerinin de alinabilirligi azalmaktadir.

Ureticilerin giibreleme konusundaki yetersizlikleri, toprakta var olan besin maddesinin tiiketilmesi sonucunda,
yillar itibariyle iiriin veriminde azalmalar gériilmektedir. Giibreleme yetersizliginin yaninda azaltilmis toprak isleme,
nadas ve ekim nobeti gibi topragin verimliligini koruyan uygulamalarin yetersizligi, il topraklarinm verim giiciinii
azalmasini saglamaktadir. Ureticiler toprak analizlerini diizenli olarak yaptirmali, analiz sonuglarina gére toprakta
yetersiz bulunan besin elementi bitkinin ihtiya¢ duydugu donemde topraga ilave edilmelidir. Giibreleme toprak
verimliliginin devamui i¢in gerekli bir uygulamadir. Fosforlu giibrelerin ekimle beraber taban giibresi olarak, azotlu
giibrelerin ise {ist giibre olarak verilmesi uygundur. Ozellikle organik giibrelerin uygulanmasi ilimiz iireticilerine
Onerilmektedir.
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Evaluation of Water Levels and Flow Rates Measured in Irrigation Canal Using
Limnigraph, Pressure and Ultrasonic Sensors*

Sulama Kanalinda Limnigraf, Basing ve Ultrasonik Sensérler Kullanilarak Olgiilen Su
Seviyeleri ve Debilerinin Degerlendirilmesi

Cafer GENCOGLAN'", Mehmet Durak TUYSUZ?, Serpil GENCOGLAN?®
Abstract

Anything that cannot be measured cannot be managed. Based on the thought, the aims of this study are to evaluate
water levels and flow rates measured by Limnigraph (OEL), pressure sensor (PS) and ultrasonic sensors (US) in
the open irrigation canal. Limnigraph and pressure sensor sensed water levels and flow rates under un-fluctuating
conditions in the Stilling Well and ultrasonic sensors directly measured them from water surface under fluctuating
conditions at the Kartalkaya Dam in Kahramanmaras. Assuming Limnigraph water level and flow rates readings
correct and water levels and flow rates of Limnigraph were compared with that of pressure and ultrasonic sensor.
Mean Absolute Percentage Error (MAPE) and ANOVA tests were done on 2454 observations. Average of water
level and flow rates of limnigraph, pressure and ultrasonic sensor were 928+4.9 mm and 4.61+0.038 m3?,
927+4.9mm and 4.62+0.037 m31, and 922+4.9 mm and 4.58+0.037 m3s%, respectively. Differences between the
average water levels and flow rates were 1 mm (928-927) and 0.01 m3s? (4.61-4.62) under un-fluctuating and 6
mm (928-922) and 0.03 m3s* (4.61-4.58) under fluctuating conditions. The fluctuation increased the differences
between the average water levels and flow rates. MAPE of water levels and flow rates for pressure and ultrasonic
sensor were calculated as 0.741% and 1.466% under un-fluctuation, and 1.453% and 2.490% under fluctuation
conditions, respectively and since they were below 10%, the levels of agreement between the two data sets are
considered as “very good”. However, fluctuation conditions increased MAPEs from 0.741% to 1.453%, from
1.466% to 2.490%. The water levels and flow rates of both sensors were not statistically different from those of
optic encoder Limnigraph. Accordingly, both sensors can be used to measure water levels and flow rates in open
irrigation canal but un-fluctuating conditions should be preferred. In addition, ultrasonic sensors can be used in
environments that block, corrode the pressure sensors and make it difficult to use by floating objects.

Keywords: PLC, Pressure and ultrasonic sensors, Stilling well, Water head, Rating curve.
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Oz

Olgiilemeyen higbir sey yonetilemez. Bu diisiinceden hareketle, bu calismanm amaci, agik sulama kanalinda
Limnigraph (OEL), basing senséru (PS) ve ultrasonik sensér (US) ile odlgiilen su seviyelerini ve debilerini
degerlendirmektir. Kartalkaya Baraji'nda sol sahil sulama kanalinda su seviyesi ve debiler, sulama mevsiminde
akim gozlem istasyonunda (AGI) dlgiilmiistiir. Akim gozlem istasyonunda limnigraf ve basing sensorii, su
seviyelerini dalgalanmayan kosullar altinda ve ultrasonik sensorler ise dalgali kosullar altinda dogrudan su
yiizeyinden 6lgmiistiir. Limnigraph'in su seviyesi ve debi degerlerinin temel alinarak, basing ve ultrasonik sensoriin
su seviyeleri ve debi degerleri ile karsilastirilmistir. Ortalama Mutlak Yiizde Hatasi (MAPE) ve ANOVA testleri
2454 gozlem degeri lizerinde yapilmustir. Limnigraf, basing ve ultrasonik sensoriin ortalama su seviyesi ve debisi
sirastyla 928+4.9 mm ve 4.61£0.038 m3?, 927+4.9 mm ve 4.62+0.037 m3s?, 922+4.9 mm ve 4.58+0.037 m3s°
Ldir. Ortalama su seviyeleri ve debiler arasindaki farklar, dalgasiz ortamda 1 mm (928-927) ve 0.01 m3s? (4.61-
4.62), dalgali kosullar altinda 6 mm (928-922) ve 0.03 m3* (4.61-4.58)’dir. Basing ve ultrasonik Sensoriin
belirledigi su seviyeleri ve debilerinin MAPE'si dalgasiz kosullarda sirasiyla %0.741 ve %1.466, dalgali
kosullarinda ise %1.453 ve %2.490 olarak hesaplanmistir. Bu degerler, %10'un altinda olduklar1 i¢in iKi veri seti
uyumu “cok iyi” olarak kabul edilmektedir. Dalgalanma kosullar, MAPE
degerleri %0.741'den %1.453'e, %1.466'dan %2.490'a yiikseltmistir. Dalgali kosullar ortalama su seviyesi ve debi
degerleri arasindaki farki ve MEPA degerlerini artirmistir. Her iki sensoriin su seviyeleri ve debileri, limnigrafin
degerlerinden istatistiksel olarak farkli degildi. Buna gore, agik sulama kanalinda su seviyelerini ve debileri 6l¢gmek
icin her iki sensor de kullanilabilir ancak dalgali olmayan kosullar tercih edilmelidir. Ayrica ultrasonik sensorler,
basing sensorlerini tikayan, asindiran ve yiizen nesneler tarafindan kullanilmasini zorlagtiran ortamlarda
kullanilabilir.

Anahtar Kelimeler: PLC, Basing ve ultrasonik sensor, AGI, Su yiikii, Anahtar egrisi
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1. Introduction

Since climate change is experienced and water is scarce on world, freshwater should be managed effectively
(Li et al., 2020; Cetin et al., 2020; Ali et al., 2021). In Turkey, around 74% of fresh water is used in irrigation
(Ministry of Development, 2018). The majority of the irrigation water is distributed through the open canal system
with low efficiency in agricultural schemes (Cakmak and Tekiner, 2010). Especially in arid and semi-arid regions
where water resources are scarce, the most efficient use and management of irrigation water has become a very
important issue. As is mentioned by Garvin (1993), anything that cannot be measured cannot be managed.
Therefore, the flow rates of irrigation water have been measured with a limnigraph or limnimeter using the rating
curve at the beginning of the main irrigation canal. However, at the beginning of secondary and tertiary canal, it
is measured using only limnimeter and rating curve (Acatay, 1996; Léonard et al., 2000). In addition, the water
level in rivers, drainage canals, dams, lakes, flood controls and wastewater management are measured with
limnigraph or limnimeter (Meral and Benli, 2013). Limnimeters are made of wooden or metal with different
lengths and scaled in centimeters. Limnigraphs have different measurement systems such as float-optic encoder,
magnetic encoder, radar, ultrasonic and pressure sensors. Of these, magnetic and float limnigraphs measure the
water level mechanically. On the other hand, the rating curve is the function (Q=f(h)) of the water levels (h)
measured in a certain cross-section of a stream (Chow et al., 1988; Léonard et al., 2000; Tiiliicii, 2002; Cetin et al.,
2020).

The first water depth measuring instruments was limnimeters. Later, float limnigraphs (optic encoder
limnigraph) were developed (Chow et al, 1988). The optic encoder limnigraphs have an LED light source, a light
detector, a “code” disc/wheel mounted on the shaft, and output signal processor.

The sensor technology is the key for measurement and automation (Zhao and Wen, 2008). Therefore, in this
study, pressure and ultrasonic sensors were used as limnigraph. A pressure sensor is a device that senses pressure
and converts it into an electric signal where the amount depends upon the pressure applied (Trout, 1986; Huang et
al., 2019). Pressure sensors are widely used in hydrogeological and hydrological sciences for monitoring water
levels (Sorensen and Butcher, 2011) and water level could be measured with high accuracy (Yuliza et al., 2016).
Pressure sensors have some advantages such as accurate measurement in low flow water, being suitable to be
installed in river with steep slope elevation and less need for maintenance. They have some disadvantages such as
accuracy drops in high flow condition, difficulty in maintaining as the sensor body may submerge in river
sedimentation and susceptible to lightning surge problem (Hydrological Procedure, 2018). On the other hand, an
ultrasonic sensor sends the ultrasonic wave towards an object at the speed of sound, and the echo that hits the
object returns to the detector. The distance from the sensor to the object is calculated according to the time elapsed
between sending the wave and returning the echo (Fisher and Sui, 2013; Varun et al., 2018). Ultrasonic sensors
have some advantages such as accurate reading in both low and high flow conditions, no contact with water,
making it easy for maintenance and no lightning surge problem and they have some disadvantages as fallows;
susceptible to blockage of object which will result in reading error. Limitations such as deadband and bean angle,
which require ultrasonic water level sensor to be installed at correct position. Ultrasonic wave is more sensitive,
which may cause errors in reading, especially in water with debris. In addition, it is not suitable to be installed at
area with high elevation riverbank (Hydrological Procedure, 2018).

To measure water levels and flow rates with float limnigraph (encoder optic limnigraph) in open irrigation
canal it is needed a special expensive structure called stilling well, but no need it for pressure and ultrasonic sensors.
Pressure sensors measure water levels directly since they are submergible, and ultrasonic sensors needs only a
buttress. In addition, getting the accurate measurement in open canal is more difficult because there is an influence
of external factors such as the formation of the wave, irregular channel structures and floating objects on the water
surface (Rahman et al., 2017). In this context in the last 40 years, water level measurement studies have been
carried out in laboratory conditions using pressure and ultrasonic sensors. However, studies that directly measure
water level and flow rate in irrigation canals using these two sensors are very limited. In Turkey, PSs are used
much less but USs much more in water level and flow rate measurement.

Using pressure sensor, the following studies were conducted. Trout (1986) measured water level in open canal.
Harlan et al. (2021) determined flow rates in river. The water velocity in a rectangular canal was measured by
integrating-float method under laboratory conditions and then the flow rate was calculated (Abed, 2021). In a study
by Cetin et al. (2020), water levels and flow rates were measured using float limnigraph (encoder optic limnigraph)
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both in irrigation and drainage canals. Genc¢oglan and Gengoglan (2016) and Gengoglan et al. (2021) measured
water level in Class A pan in workshop and field conditions.

Flow rates in open canals were monitored using an ultrasonic sensor under laboratory conditions by
Dusarlapudi et al. (2020) and Koshoeva et al. (2021), and the water levels were measured in open canals by
Nirupam et al. (2015), Rahman et al. (2017), Sai (2017) and in tanks by Kumar and Verma (2015), Varun et al.
(2018), Bello et al. (2018), Selvan et al. (2018), Mohammed et al. (2019) and in the rivers by Meral and Benli
(2013), Machado, et al. (2021). For rivers, they also calculated flow rates using water level and rating curve. In
Turkey, in recent years, water levels and flow rates have started to measure by using ultrasonic sensors in dams,
irrigation regulators and main open irrigation channels. On the other hands, using ultrasonic sensor, some
researchers had measured the water level in Class A pan to determine pan evaporation (Gengoglan et al., 2013;
Fisher and Sui, 2013; Sezer et al., 2017; Gengoglan et al., 2022).

In accurate measurement for water level and flow rates in open irrigation canal, selection and use of the right
measuring device and technique are important. With the development of technology, sensors such as PSs and USs
and others have started to replace OEL because expensive structure like Stilling Well is needed to measure water
levels and flow rates with OEL. PSs and USs do not need it and need only panel. In recent years, PSs and USs
have been increasingly used in measuring water levels and flow rates in open irrigation canal.

The aim of this study is to evaluate the water levels and flow rates measured by OELSs, PSs and USs in the open
irrigation canal.

2. Materials and Methods

The study was carried out at the flow gauging station (FGS) located on the left bank main (conveyance)
irrigation canal of the regulator of Kartalkaya Dam. Kartalkaya Dam is located 30 km southeast of Kahramanmaras
province. The measurements were done in the trapezoidal section, concrete-lined, left bank open irrigation canal
in irrigation season in 2017.

At FGS, there was no collection of water, erosion and siltation since open canal was lined with the concrete.
FGS had a Stilling Well of 80x80x240 cm and also 30 cm diameter and 3 m long pipe on which there was a shelter
of 80x50x60 cm. The float limnigraph was available at the FGS. At FGS, a panel (50x50x80 cm) was placed under
the shelter to measure the water levels and flow rates at cross-section of the open irrigation canal using pressure
and ultrasonic sensor (Figure 1). In order to provide energy to the panel, the solar panel was installed on the
guardrails of the observation bridge, in such an angle that it could receive the full sun, and the ultrasonic sensor
was attached perpendicular to the water surface at the lower part and the middle point of the bridge (Figure 2).
Inside the panel, there are circuit breaker, PLC, SD card module, analog module, solar regulator, inverter, power
supply, router-modem with FTP, 3G vinn modem, and electrical outlet. The solar panel charged a battery, which
was placed in the float limnigraph shelter, and it supplied power to the instruments in the panel.

In FGS, there was available float limnigraph (Optic Encoder Limnigraph, OEL). It was measuring the
water level and flow rate mechanically by means of a float system and was configured to record them in
15 minutes interval by DSI. Specification of OEL; accuracy is 1mm, tolerance +1mm, logging time range 1,
5, 10, 15, 60....1440 minutes, output 4...20 mA, power 3.6V. The measured water level and calculated flow rates
at FGS were recorded in the EEPROM of OEL. Computer was connected to OEL via the RS232 protocol using
the interface program and the measured 2454 water level and flow rates were downloaded to the computer.

In the current study, measuring interval of pressure and ultrasonic sensor was selected 15 minutes since
measuring interval of OEL was 15 minutes, and time was coincided.

The pressure sensor has input power 10-32 DCV and output 4-20 mA (Karabacak, 2003; Hashemian and Jiang,
2009). Its measurement capacity is 400 mBar, which is equal to water level of 4000 mm H,O. Its standard accuracy
is <+0.5% full scale (FS) or of span (Atek, 2020).

The input and output of the ultrasonic sensor is 24 VDC and 4-20 mA, and its sensing range is between 60-
2000 mm, and adjustment range is between 90-2000 mm and repeat accuracy is + 0.1 % of full-scale value (Pepperl
and Fuchs, 2022).
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The PLC has six digital inputs (DI, 24 VDC), six digital outputs (DO, 24 VDC, 0.5 A max., with transistor), 2
analog inputs (Al, voltage 0...10 V), 1 analog output (AO, voltage 0...10 V or current 0...20 mA/4...20 mA).

Analog (Al/AO) module had four configurable Al, 2 configurable AO, resolution 11 bits plus signal or 12 bits
and measuring range from 0 to 27648 for 4-20 mA.

E|2

50 p 800 50

15

170

16

Figure 1. Cross section of trapezoidal type main irrigation canal and FGS (1-Limnigraph, 2-
Limnigraph shelter, 3-PLC panel, 4-Limnigraph ball, 5-Limnigraph weight, 6- pipe, 7-FGS box, 8-
Water cross-section, 9 -Canal fill section)

1

Figure 2 Trapezoidal main canal, bridge section and solar panel (1-solar panel, 2-bridge, 3-ultrasonic
sensor)

Water levels and flow rates read by OEL were assumed to be correct and they were compared with water levels
and flow rates of pressure and ultrasonic sensor. Measurement times of water levels and flow rates of pressure and
ultrasonic sensor were coincided with the OEL’s time, at 15-minute intervals. Since the water level in the open
canal is affected by the fluctuation, in order to minimize its effect, successive 30 water levels were measured every
300 ms and their moving average was taken (Tiiliicii, 2002; Gengoglan et al., 2013).

The digital water levels measured by pressure and ultrasonic sensor were converted to the water levels in
millimeter using Equation 1 and 2, respectively.

__ PSqyx4000
hps = 27648 (Eg. 1)
%2000
hys = H — =2 (Eq. 2)

Where, hgs; water level measured with pressure sensor (mm) ve psay; pressure sensor digital value, hys; water
level measured with ultrasonic sensor (mm), H; distance between canal floor and ultrasonic sensor (mm), uSay;
ultrasonic sensor digital value. The digital value of 27648 in Equation 1 and 2 corresponds to 4000 mm in pressure
sensor and 2000 mm in ultrasonic sensor for 20 mA.
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Since management of canal is under State Hydraulic Work (DSI) and it was impossible to measure data of
rating curve by us on the left bank of the regulator and therefore, the data of the rating curve was taken from DSI
(DSI, 2017). Rating curve data consisted of independent (water levels) and dependent parameter (flow rates) (Alfa
et al., 2018). The water level in the rating curve of the canal varies between 100-1610 mm and the flow rate
between 0.2-12.050 m3s™. To be able to use the key curve in the PLC program, a regression analysis was performed
between 152 water levels and flow rates to establish polynomial rating curve. The curve was established as in
Equation 3.

Q=ah?+bh+c (Eq. 3)
Where, Q; flow rates (m3sn) and h water level (mm).
In irrigation canal, the flow rates were predicted directly by substituting hys and hys for h in Equation 3.

A PLC project was created and then, a program was written in CODESYS-ST language to automatically
determine the water levels and flow rates. This program consisted of two parts. The first section contained the
program codes, and the second section is the visualization section, in which the instantaneous water levels and
flow rates in the canal were directly visualized. In this project, an analog module was added to the PLC in order
to read the pressure and ultrasonic sensor analog outputs. Since the pressure and ultrasonic sensor analog outputs
are 4-20 mA, the input of the analog module was selected as 4-20 mA. The addresses of these inputs are %I1WO0
and %IWL1. The types of these addresses are INT. IP numbers should be the same group in order to establish the
network connection between the computer and the PLC. Web and FTP servers were activated for remote
connection. Web port is taken as 80 and FTP as 21. Water levels and flow rates were recorded in SD card in every
15 minutes (Machado et al., 2021). The second section visual display interface was made in order to instantly
monitor the water levels and flow rates in the open canal on the visual screen via the web browser.

Mean Absolute Percentage Error (MAPE) (Lewis, 1982) for the water depth and flow rates of PS and US were
calculated from Equation 4. It is an expression of the deviation of the water depth and flow rates measured by OEL
in the irrigation canal from the water depth measured by pressure and ultrasonic sensor.

[WDgEgLi —WD|

MAPE == 1;1( 100) (Eq. 4)

WDoELi

Where, WDoeLi; water depth measured by pressure sensor (mm), WD; water depth measured by pressure and
ultrasonic sensor (mm), n; the number of observations (2454 times).

In addition, the ANOVA tests were performed in the Minitab program to determine whether there is a
difference among the water levels and flow rates measured by the EOL, PS and US.

3. Results and Discussion

In this study, the water level and flow rates were measured by Optic Encoder Limnigraph (OEL), pressure
(PS) and ultrasonic sensor (US) in open irrigation canal at FGS in the Kartalkaya Dam. Water levels and flow rates
read by OEL were assumed to be correct and they were compared with water levels and flow rates of pressure and
ultrasonic sensor. OEL and PS measured them in Stilling Well (under un-fluctuating) and US directly from water
surface (under fluctuating).

At FGS, a quadratic rating curve equation was determined as Q=3*10°h?+0.0021h +0.0134 (R?=0.9995). A
close relationship was determined between the water levels and the flow rates and it means that the water levels
represent 99.95% flow rates. Accordingly, the flow rates in FGS show that it is highly dependent on the water
levels. Clarke (1999) reports that R? of rating curves is often close to 1, which means that the estimated flow rates
will have high accuracy. Meral and Benli (2013) found rating curve equation as Q=3.0523h-0.5569 (R?=0.8563).
The researchers found first-order equations between the water level and flow rate, measured in the Aksu river.
Kukul (2008) determined rating curve as Q= 8.786h%+91.855h—95.990. In the study by Ardiglioglu and lkentapar
(2015), the rating curve was determined as Q=7.09h3.42 (R?=0.99). Generally, the degree of the rating curves
varies according to the cross-sectional area and the water velocity.

The variance analysis was performed for OEL, PS and US water levels and flow rates and its results were found
to be insignificant (P>0.05). According to these results, there is no statistical difference among OEL, PS and US
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water levels and flow rates. These results show that water levels and flow rates using the rating curve can be
measured by PS and US in a trapezoidal main irrigation canals.

The levels of agreement between the water levels of OEL and PS, and OEL and US were calculated as MAPE
of 0.741% and 1.453%. They are considered as “very good” since MAPE is below 10% (Lewis, 1982). The
averages of 2454 water levels were determined as 928+4.9 mm for OEL, 927+4.9 mm for PS, and 922+4.9 mm
for US, respectively (Table 1). As seen in the figures, differences between the average water levels of OEL and
PS, and OEL and US were 1 and 6 mm, respectively. The average 6 mm difference in water levels may be due to
the fact that OEL measured the water level in un-fluctuating conditions but US in fluctuating conditions. Under
un-fluctuating conditions, difference between average levels measured by OEL and PS was found as 1 mm.
Although sensitivity of PS is higher than that of US (Nirupam et al., 2015), difference in water level read by PS
was lower than that of US. Accordingly, the average water level difference measured in the Stilling Well (un-
fluctuating) conditions decreased. The results were supported by MAPE since MAPE of 0.741% under un-
fluctuating conditions was less than that of 1.453% under fluctuating conditions. There was a difference between
the water level measured in un-fluctuating and the water level measured in fluctuating conditions, but it was not
statistically significant.

The lowest water levels measured by OEL, PS and US were 250 mm, 181.7 mm and 154.8 mm and the highest
1270 mm, 1266 mm and 1276 mm, respectively. In addition, it was observed that the OEL’s, PS’s and US’s water
levels distributed on and around the diagonal line in Figure 3 and 4. It was sighted that PS’s and US’s water levels
were lower than that of OEL when the water levels were below about 600 mm. The slope and determination
coefficient between OEL and PS, and OEL and US were found to be $=0.9981 and R?=0.9992, and $=0.9934 and
R?=0.9969, respectively and they were close to each other’s (Figure 3 and 4). Water levels measured using by US
(Gengoglan et al., 2013) and by PS (Gengoglan and Gengoglan, 2016) in Class A pan resulted acceptable under
fluctuation and un-fluctuation conditions. In studies by Kumar and Verma (2015), Yuliza et al. (2016), Rahman et
al. (2017), Prayash (2017), Bello et al. (2018) and Selvan et al. (2018), it was concluded that performance of US
was at the desired accuracy. Dusarlapudi et al. (2020) proposed that US was cost effective and highly accurate
with an accuracy range of 96 — 98%. When results of water levels sensed by PS and US were compared, the results
of this study correlate with the water levels ranges reported in the existing studies.

Table 1. Average water levels and flow rates measured by OEL, PS and US, and results of MEPA

Average water levels Average flow rates MEPA for MEPA for
(mm) (més?) water levels flow rates
OEL 928+4.9 4.61+0.038
PS 9274+4.9 4.62+0.037 0.741 1.466
us 922+4.9 4.58+0.037 1.453 2.490

The levels of agreement between the flow rates of OEL and PS, and OEL and US were calculated as MAPE of
1.466% and 2.490%. The levels of agreement between the two data sets are considered as “very good” since MAPE
is below 10% (Lewis, 1982). Using the rating curve, Ardiglioglu et al. (2010) found flow rate of 9.4% error in
rivers, and Ardighioglu and ilkentapar (2015) found flow rate of 3.8% error in open canal.

The flow rates were calculated by substituting the water levels in Q=3*10°h2+0.0021h+0.0134 rating curve.
The averages of 2454 flow rates for OEL, PS and US were 4.61+0.038 m3s?, 4.62+0.037 m® s and 4.58+0.037
m? s1, respectively (Table 1). Difference between OEL and PS, and OEL and US flow rates was found as to be
0.01 m® st and 0.03 m3 s%, respectively. The average flow rate difference of 0.03 m® s determined for US under
fluctuating conditions was higher than that of 0.01 m?® s for PS under un-fluctuating conditions. Therefore, the
average flow rates difference measured under open irrigation conditions decreased (Pereira et al., 2022). The
results were supported by MAPE since MAPE of 1.466% under un-fluctuating was less than that of 2.490% under
fluctuating conditions. There was a difference between the flow rates under un-fluctuating and fluctuating
conditions, but it was not statistically significant.
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Figure 3. Optic encoder limnigraph-pressure Figure 4. Optic encoder limnigraph -ultrasonic
sensor water levels sensor water levels

The lowest and highest flow rates of OEL, PS and US were 0.61 m® s and 7.41 m3 s, 0.475 m® sand 7.358
m3 st and 0.394 m3 s-1 and 7.453 m® s, respectively (Figure 5 and 6). As seen the figure, OEL, PS and US flow
rates are distributed on and around the diagonal line and PS and US flow rates were lower than OEL values when
the flow rates fell below about 1.4 m® s, Slope and R? were determined between OEL and PS, and OEL and US
flow rates as $=0.9983 and R?=0.9986, S=0.9921 and R?=0.997, respectively (Figure 5 and 6). Their slopes and
determination coefficient were very close to each other’s. In the US study conducted by Koshoeva et. al (2021), it
was reported that result of flow rates was of high accuracy. When flow rates read by PS and US were compared,
the results of this study correlate with the flow rates ranges reported in the existing study.

As can be seen from the studies given above, the number of water level studies conducted using US is large
but limited for PS and many of them were conducted under laboratory conditions. Results of this study shows that
both sensors, no needing expensive structure, needing only panel, can be used to measure water levels and flow
rates in open irrigation canal but un-fluctuating conditions should be preferred. In addition, ultrasonic sensors can
be used in environments that block, corrode the pressure sensor and make it difficult to use by floating objects.

hps = 0.9983 hog,
7 R2 =0.9986

hys = 0.9921 hog
R2=0.997

~

IS w )

Flow rates measured by ultrasonic sensor (mé s1)

Flow rates measured by pressure sensor (m? s)

Flow rates measured by OEL (m® s) 0 1 2 3 4 5 6 7 8
Flow rates measured by OEL (m?3 s™)

Figure 5. Optic encoder limnigraph-pressure Figure 6. Optic encoder limnigraph -
sensor flow rates ultrasonic sensor flow rates
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4. Conclusions

The study was conducted to measure water levels and flow rates using pressure sensor (PS) and ultrasonic sensors
(US) in the open irrigation canal, and to compare water level and flow rates measured by optic encoder limnigraph
(OEL) with that of pressure sensor and ultrasonic sensors in the flow gauging station (FGS).

In accurate measurement for water level and flow rates in open irrigation canal, selection and use of the right
measuring device and technique are important. With the development of technology, sensors such as PSs and USs
and others have started to replace OEL because expensive structure like Stilling Well is needed to measure water
levels and flow rates with OEL.

Pressure sensor water levels were measured under waveless (un-fluctuating) conditions in the Stilling Well. The
ultrasonic sensors water level was measured directly from the irrigation canal water surface in fluctuating conditions.
Optic encoder limnigraph water levels and flow rates were taken as the baseline values in comparison with water levels
and flow rates of pressure sensor and ultrasonic sensors. MAPE and ANOVA tests were done in observation of 2454
water levels and flow rates. The Averages of water level and flow rates of optic encoder limnigraph, pressure and
ultrasonic sensor were 928+4.9 mm and 4.61+0.038 m®s, 927+4.9 mm and 4.62+0.037 m3s™, and 922+4.9 mm and
4.58+0.037 m3?, respectively. Differences between the average water levels, and flow rates of OEL and PS, and OEL
and US were 1 mm and 0.01 m3s* under non-fluctuating and 6mm and 0.03 m3s* under fluctuating conditions. MAPE
of water levels and flow rates of pressure and ultrasonic sensor were calculated as 0.741% and 1.466% under un-
fluctuation, and 1.453% and 2.490% under fluctuation conditions, respectively. The fluctuation increased the
differences between the average water levels and flow rates of OEL and PS and which of OEL and US. Under un-
fluctuation conditions, MAPEs are lower than that of fluctuation and since they are below 10%, the levels of agreement
between the two data sets are considered as “very good”. The water levels and flow rates of PS and US were not
statistically different from that of OEL. Using both PS and US, water level and flow rate can be measured in open
irrigation canal but it should be preferred to measure water levels and flow rates at FGSs in which water is non-
fluctuating. In addition, ultrasonic sensors can be used in environments that block, corrode the pressure sensor and
make it difficult to use by floating objects.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

New Morphometric Approach to Discriminate Honey Bee (Apis mellifera L.)
Populations in Tiirkiye

Tiirkiye'de Bal Aris1 (Apis mellifera L.) Populasyonlariin Ayirt Edilmesi I¢in Yeni
Morfometrik Yaklagim

Meral KEKECOGLU" Songiil BiR% Merve KAMBUR ACAR?
Abstract

Today, 29 subspecies have been defined, each of which is adapted to a certain set of environmental characteristics,
spreading all over the world except Antarctica. Many morphological and morphometric features have been used
to classify honey bees from the past to the present. It has been reported that features such as length, angle and
indices coming from the front wings are very efficient for classification. In recent studies, various programs have
been developed and automatic classification has been attempted through the images of bee wings. This study aimed
to determine the naturally occurring honey bee biodiversity in Turkiye by measuring 7 areas (A1, A2, A3, A4, A5,
A6, A7) on the right front wing. For this purpose, a total of 3392 worker bee samples were collected from 143
colonies in 19 provinces of Turkiye. The photographs of the prepared preparations were taken at 1X magnification
with the BAB camera system connected to the BAB STR45 stereozoom microscope. The measurements of 7 areas
on the right front wings of honey bee populations distributed in Turkiye were made automatically in the BAB
Bs200ProP program. Colony averages of the raw data of the area measurements of each province were taken and
the results were evaluated with Discriminant Function Analysis (DFA) in the SPSS.15 package program.
Multivariate analysis of variance (MANOVA) was applied to separate the groups to determine the variation within
and between groups. As a result of this study, the minimum total area was seen in Van at 4.51 and the maximum
total area was seen in Ardahan at 5.76. The average size of the measured areas decreased from the north-east to
the south of Turkiye. Area measurements on the forewing were found to be a marker for distinguishing Anatolian
(A. m. anatoliaca) and Caucasian (A. m. caucasica) honey bees.

Keywords: Tirkiye, Anatolian honey bee (A. m. anatoliaca), Caucasican honeybee (A. m. caucasica), Front wing, Area
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Oz

Giintimiizde Antartika kitast hari¢ diinyanin her yerinde yayilis gosteren, her biri belirli bir ¢evresel 6zelliklere
adapte olmus 29 alt tiir tanimlanmistir. Gegmisten giliniimiize kadar bal arilarint siniflandirmak igin birgok
morfolojik ve morfometrik &zellikler kullanilmigtir. Yapilan ¢alismalarda 6n kanatlardan gelen uzunluk, ac1 ve
indeksler gibi 6zelliklerin siniflandirma igin ¢ok etkili oldugu bildirilmistir. Son yillarda yapilan ¢aligmalarda
cesitli programlar gelistirilmis, ar1 kanatlarmin goriintiileri araciligtyla otomatik siniflandirma yapilmaktadir. Bu
calismada sag 6n kanatta yer alan 7 alan (A1, A2, A3, A4, A5, A6, A7) dlgiilerek Tiirkiye'de dogal olarak bulunan
bal aris1 biyogesitliliginin belirlenmesine ¢alisilmistir. Bu amagla Tiirkiye'nin 19 ilindeki 143 koloniden toplam
3392 is¢i ar1 6rnegi toplanmustir. Hazirlanan preparatlarin fotograflart BAB STR45 stereozoom mikroskobuna
bagli BAB kamera sistemiyle 1X biiylitmede ¢ekilmistir. Tiirkiye’de yayilis gbsteren bal aris1 populasyonlarimin
sag on kanatlari {izerindeki 7 alanin 6l¢iimleri BAB Bs200ProP programinda otomatik olarak yapilmistir. Her ile
ait alan oOlgtimlerinin ham verilerinin koloni ortalamalar1 alinarak sonuglar SPSS.15 paket programinda
Diskriminant Fonksiyon Analizi (DFA) ile degerlendirilmistir. Grup i¢i ve gruplar arasi varyasyonun
belirlenmesinde gruplart ayirmada ¢ok degiskenli varyans analizi (MANOVA) uygulanmistir. Bu ¢alismanin
sonucunda minimum toplam alan 4.51 ile Van'da goriilirken maksimum toplam alan 5.76 ile Ardahan’da
goriilmiistiir. Olgiilen alanlarin ortalama biiyiikliigii Tiirkiye'nin kuzey dogusundan giineyine dogru azalmistir. On
kanattaki alan Sl¢iimlerinin Anadolu (A. m. anatoliaca) ve Kafkas (A. m. caucasica) bal arilarini ayirt etmede
kullanilabilecek bir marker oldugu gorilmistiir.

Anahtar Kelimeler: Tiirkiye, Anadolu bal aris1 (A. m. anatoliaca), Kafkas bal aris1 (A. m. caucasica), On kanat, Alan
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1. Introduction

Honey bee diversity of the World is represented by the described 29 honey bee subspecies. Each of these is
adapted to environmental conditions, also their fitness and adaption abilities enable them to spread all over the
world except for the Antarctic region (Rahimi et al., 2018). Anatolia (Tiirkiye) has an extraordinary morphological
diversification and evolutional patterns for honeybees. Ruttner (1988) classified honeybee races in this region as
A. m. anatoliaca, A. m. caucasica, A. m. meda, and A. m. syriaca on the "O" branch. A. m. caucasica distributes
along the eastern Black Sea coast, A. m. meda in the southeast, and A. m. syriaca in the south, near the border with
Syria. A. m. anatoliaca occurs throughout the rest of Tiirkiye including Thrace. mtDNA studies showed that other
subspecies have been found in the European part of Tiirkiye, Thrace, maybe A. m. carnica which belongs to the
branch “C” of Ruttner’s classification (Smith et al., 1997; Bodur et al., 2004, 2007; Kandemir et al., 2000, 2005).
Kandemir et al. (2006a) reported the existence of a fourth new mtDNA lineage of Apis mellifera near the Syrian
border of Tiirkiye (Franck et al., 2000). mtDNA analyses showed that A. m. anatoliaca and A. m. caucasica are
closely related to the Eastern or “C” mitochondrial lineage (Smith et al., 1997; Palmer et al., 2000 Kandemir et al.,
2006a; Ozdil et al., 2009a, b; Ozdil et. al., 2022; Bir and Kekegoglu, 2023) as do A. m. carnica and A. m. ligustica.
But Ruttner’s approach indicates A. m. caucasica and A. m. anatoliaca belong to a separate oriental group.

The first scientific studies describing honeybees were made according to standard morphometric methods.
Many different morphological characters such as the length of the wings, tongue and other mouth apparatus, the
length and width ratios of the plates of the tergite and leg segments, and the wing vein indexes were used
(Bodenheimer, 1941; Settar, 1983; Ruttner, 1988; Giiler and Kaftanoglu, 1999a, b, ¢; Kandemir et al., 2000; Giiler,
2000; Giiler et al., 2002; Giiler and Bek, 2002; Kandemir et al., 2005; Kekegoglu et al., 2007; Giiler and Toy, 2008;
Kekecoglu et al., 2009; Kekecoglu and Soysal, 2010; Giiler et al., 2013; Koca and Kandemir, 2013; Cakmak et al.,
2014). In the later studies, in addition to these morphometric characters, it has been tried to distinguish honey bees
by using measurements such as the angle and index of the wings. Many studies have proven that front wing features
are suitable characters to classify honey bees.

Morphometric studies of Apis mellifera L. to evaluate biodiversity, subspecies and intra-populational
variability are very effective and convenient approaches for a long time (Ruttner et al., 1978; Ruttner, 1988;
Mendes et al., 2007). Among other morphological features, wing venations patterns of honey bees were studied
extensively covering angles, size of forewings and cubital index (DuPraw, 1965; Cournet and Fresnaye, 1989;
Ruttner, 1987; Francoy et al., 2006). Contrary to traditional morphometrics employing size, masses and ratio of
areas; relatively new geometric morphometric methods perform analyses by shape and form obtained arbitrarily
of landmarks. The coordinate based geometric morphometric studies are found as the most robust approach
accessible for the statistical analysis of shape (Rohlf, 2000a, b). Moreover, a comparison of both methods revealed
unsuccessful and inadequate results using the classical method and encouraged applying new arrangements such
as geometric morphometrics (Cavalcanti et al., 1999). In order to save time and energy, programs have been
developed for image analysis on the computer. The basis of these programs is to transfer the image to the computer
and transfer it to the automatic identification system with the determined points. Accordingly, more practical and
easy automatic identification systems, such as TpsDig (Bookstein, 1991), ABIS (Schroder et al., 2002), DrawWing
(Tofilski, 2004), DAWINO (Dicriminant Analysis With Numerical Outputs) (Uzunov et al., 2009), BAB
Bs200ProP (Kambur and Kekegoglu, 2018; Kekecoglu 2018), DeepWings (Rodrigues et al., 2022), have been
researched to classify honey bees through images of bees (Bookstein, 1991; Roth et al., 1999; Tofilski, 2004;
Miguel et. al., 2011; Rodrigues et al., 2022).

The aim of the present work was to determine the morphometric variation of honey bees distributed in Tirkiye,
using the alternative image analysis method, which is area-based morphometric analysis. Area based geometric
morphometric method is a relatively new technique that has generated valuable results in many fields of
morphometry (Oettle et al., 2005; Nolte and Sheets 2005; Mendes et al., 2007; Kimmerle et al., 2008; Ogihara et.
al., 2008; Hayes et al., 2007; Francoy et al., 2009a,b). An application of the area-based morphometric method on
Turkish honey bees is the first time in the present study.
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2. Materials and Methods

A total of 3392 individuals from 143 colonies in 19 locations (Van, Hakkari, Tekirdag, Kirklareli, Edirne,
Zonguldak, Sakarya, Diizce, Artvin, Trabzon, Ordu, Isparta, Mugla, Gaziantep, Hatay, Kilis, Kahramanmaras,
Ardahan, Kars) of the seven regions of Tiirkiye were studied. Sampling was carried out mostly from, locally managed
nonmigratory and requeening colonies in apiaries and 5-10 honey bee colonies were randomly chosen from per apiary,
and all colonies were described by means of 15 worker bees. Preparation of sample collections for the microscope was
done according to the method of Kekegoglu et al., (2020). The study material consisted of the right front wing of each
worker bee. The photographs of slides were monitored at 1X magnification with the BAB camera system using
stereozoom microscope. In this study, the measurements of 7 areas (A1, A2, A3, A4, A5, A6 and A7) on the right front
wings were made in the BAB Bs200ProP program (BAB Imaging systems, BAB Ltd, 2007) (Figure 1).

Figure 1. Forewings’ areas measured on worker bees by using the BAB Bs200ProP programme

The measurement results of the worker bee samples representing each province were evaluated with
Discriminant Function Analysis (DFA) in the SPSS.15 package program. Multivariate analysis of variance
(MANOVA) was applied to determine the variation within and between groups. The Cross Validation Test (CVT)
was performed to see the distribution of the populations among groups, and the distribution of the samples among
the groups was determined.

3. Results

The morphometric variation of the honey bee population was determined for 19 different locations in Turkiye
using area-based geometric morphometrics in the current study. For this reason 7 areas on the right fore wing were
measured. Based on the measurements of seven area on the fore wing of worker honey bees from 19 different
locations in Tirkiye, it was concluded that the highest total area value was determined for Ardahan worker
honeybee with 5.76, the lowest was seen in Van with 4.51.

The highest variability of A5 and A6 areas was found in honey bees from Artvin and Zonguldak. Honeybees
from Artvin and Zonguldak showed the highest value (0.69 mm?) for the A5 area and bees from Van showed the
lowest value for all area. The analysis of variance revealed that the size of the wing area has significant differences
between locations (P< .05). The size of the measured areas decreased from the north-east to the south of Tiirkiye.

The CVA based on the data of the seven areas of the right front wings showed that there was more overlapping
among honeybee populations couldn’t be identified clearly. The clusters plotted on the CVA graph are also
relatively close each other, and intergaps between the groups were not shown clearly. Although Northeast and the
rest part of Tiirkiye well separated with two axis: The population were placed mainly upper half, Trabzon,
Zonguldak, Tekirdag population mainly in lower-right-hand quandrant and small set of samples from Southeastern
(Kilis) and Aegen (Mugla) in more lower-left-hand of the plot (Figure 2).
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Tekirdag, Trabzon, Zonguldak, Artvin, Ardahan, Sakarya and Edirne constitute a group in the phylogenetic
tree drawn according to binary distances; Kirklareli, Isparta, Ordu, Diizce, Kahramanmaras, Hakkari, Gazianatep,
Kars, Mugla, Hatay and Van grouped together and a separate group close to Kilis was formed (Figure 3).

One-way ANOVA showed significant differences among honeybee populations. Out of the Diizce, Ordu and
Kirklareli populations, generally all honeybee populations showed the expected classification schema by pairwise
distance. There were significant size differences between Northeastern (Black Sea) and Southeastern (Kilis and
Gaziantep). Honeybees from Central Anatolia and Eastern Anatolian region didn’t differ significantly from each
other.

Table 1. Front wing’s area minimum (Min.) maximum (Max.). and average (X) values

Colony number Al A2 A3 A4 A5 A6 A7 Total
LOCATION N X £ Sx X + Sx X £ Sx X £ Sx X £+ Sx X £ Sx X £+ Sx X £+ Sx
(Min.- (Min.- (Min.- (Min.- (Min.- (Min.- (Min.- (Min.-
Max.) Max.) Max.) Max.) Max.) Max.) Max.) Max.)
1,12+0,01 0,44+0,00 0,41+0,00 0,31+0,00 0,66+0,00 1,04+0,01 1,47+0,01 5,46+0,04
Tekirdag 5 1,09-1,14 0,44-0,45 0,40-0,41 0,30-0,32 0,65-0,67 1,02-1,07 1,44-1,50 5,36-5,55
0,96+0,00  0,38+0,01 0,36+0,01 0,27+0,01 0,57+0,01 0,91+0,01 1,28+0,01 4,71+0,05
Kirklareli 5 0,95-0,97  0,36-0,41 0,34-0,37 0,26-0,29 0,55-0,59 0,89-0,93 1,26-1,30 4,64-4,82
1,07+0,02  0,42+0,01 0,39+0,01 0,28+0,01 0,65+0,01 1,01+0,01 1,40+0,01 5,21+0,09
Edirne 9 097-1,14  0,39-0,45 0,33-0,41 0,25-0,33 0,59-0,68 0,96-1,06 1,34-1,45 5,07-5,39
1,15+0,01 0,47+0,01 0,44+0,01 0,32+0,01 0,69+0,01 1,08+0,02 1,55+0,02 5,70+ 0,08
Zonguldak 9 1,07-1,21  0,44-0,49 0,39-0,48 0,30-0,34 0,63-0,75 1,00-1,17 1,44-1,66 5,28-6,08
1,10+0,01 0,47+0,02 0,43+0,01 0,32+0,01 0,68+0,01 1,07+0,01 1,49+0,02 5,56+ 0,08
Sakarya 5 1,06-1,13  0,44-0,52 0,41-0,44 0,30-0,34 0,66-0,72 1,03-1,08 1,45-1,55 5,39-5,74
0,99+0,01 0,41+0,01 0,37+0,01 0,27+0,00 0,58+0,01 0,93+0,01 1,31+0,02 4,87+ 0,07
Diizce 9 0,96-1,04  0,38-0,44 0,33-0,44 0,26-0,29 0,55-0,63 0,90-1,01 1,25-1,40 4,70-5,21
1,14+0,01 0,47+0,01 0,43+0,00 0,32+0,01 0,69+0,01 1,05+0,01 1,46+0,01 5,55+ 0,05
Artvin 10 1,06-1,18  0,44-0,49 0,40-0,44 0,28-0,34 0,66-0,73 0,99-1,08 1,40-1,50 5,28-5,69
1,16+0,01 0,46+0,00 0,41+0,02 0,32+0,00 0,68+0,00 1,08+0,01 1,50+0,01 5,61+ 0,04
Trabzon 9 1,14-119  0,45-0,48 0,39-0,44 0,31-0,34 0,66-0,70 1,06-1,12 1,46-1,57 5,50-5,79
0,96+0,01 0,38+0,01 0,35+0,01 0,26+0,00 0,56+0,01 0,90+0,01 1,26+0,01 4,66+ 0,06
Ordu 9 0,89-1,00 0,34-0,41 0,32-0,37 0,25-0,28 0,52-0,58 0,83-0,95 1,19-1,30 4,39-4,84
0,97+0,01 0,39+0,00 0,37+0,00 0,28+0,00 0,58+0,00 0,94+0,01 1,31£0,01 4,85+ 0,04
Isparta 9 0,92-1,01 0,38-0,41 0,36-0,39 0,27-0,29 0,56-0,60 0,90-0,98 1,25-1,37 4,72-4,92
1,01£0,01 0,43+0,00 0,39+0,01 0,29+0,00 0,63+0,01 1,00+0,01 1,39+0,01 5,13+ 0,06
Mugla 8 0,97-1,07  0,41-0,45 0,33-0,41 0,26-0,30 0,60-0,66 0,95-1,05 1,35-1,42 5.00-5,35
1,01+0,01 0,42+0,01 0,37+0,01 0,29+0,00 0,59+0,01 0,94+0,01 1,33+0,02 4,94+ 0,06
Gaziantep 9 0,97-1,07  0,40-0,46 0,34-0,40 0,28-0,29 0,54-0,62 0,90-1,01 1,27-1,46 4,76-5,29
1,02+0,03  0,43+0,01 0,38+0,01 0,28+0,01 0,61+0,02 0,98+0,02 1,36+0,02 5,06+ 0,11
Hatay 7 0,94-1,14  0,41-0,47 0,35-0,43 0,26-0,31 0,56-0,67 0,93-1,04 1,29-1,47 4,81-5,53
1,00+0,01 0,43+0,01 0,39+0,01 0,31+0,00 0,62+0,01 1,00+0,01 1,41+0,00 5,17+ 0,04
Kilis 3 0,99-1,02 0,42-0,45 0,38-0,40 0,31-0,32 0,61-0,64 0,99-1,01 1,40-1,41 5,14-5,21
0,99+0,01 0,40+0,01 0,36+0,01 0,27+0,00 0,56+0,01 0,90+0,01 1,29+0,01 4,77+ 0,06
Kahramanmarag 8 0,95-1,06 0,37-0,43 0,33-0,38 0,26-0,29 0,51-0,60 0,85-0,94 1,24-1,37 4,54-5,08
1,18+0,01 0,49+0,00 0,44+0,00 0,33+0,00 0,71+0,01 1,08+0,01 1,53+0,01 5,76+ 0,04
Ardahan 7 1,16-1,20  0,48-0,50 0,43-0,45 0,32-0,34 0,69-0,73 1,07-1,10 1,49-1,57 5,67-5,88
1,02+0,01  0,40+0,01  0,38£0,00  0,28+0,01  0,59+0,01  0,93+0,01 1,3140,01 4,91+ 0,05
Kars 8 0,98-1,06  0,38-0,42 0,36-0,40 0,26-0,31 0,56-0,61 0,89-0,98 1,27-1,35 4,79-5,08
0,91+0,01 0,38+0,01 0,34+0,00 0,26+0,00 0,53+0,01 0,87+0,01 1,22+0,01 4,51+ 0,05
Van 6 0,87-0,94 0,36-0,40 0,33-0,35 0,25-0,27 0,51-0,55 0,89-0,90 1,19-1,27 4,43-4,58
0,96+0,01 0,40+0,01 0,36+0,00 0,27+0,00 0,56+0,01 0,89+0,01 1,29+0,01 4,74+ 0,05
Hakkari 8 0,92-0,99 0,37-0,43 0,34-0,39 0,26-0,28 0,52-0,59 0,86-0,92 1,24-1,31 4,54-4,85
Average 143 1,04+0,01 0,43+0,01 0,39+0,01 0,29+0,00 0,62+0,01 0,98+0,01 1,38+0,01 5,12+ 0,04

0,99-1,08  0,40-0,45 0,36-0,42 0,28-0,31 0,59-0,65 0,94-1,02 1,33-1,43 4,39-6,08
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4, Discussion

Morphometric techniques are more advantageous being practical, cheap and no requirements of special
acknowledge that rather preferred comparison to biochemical and molecular techniques (Sheppard and Smith, 2000).
Although gene expressions that are affected largely by environmental conditions cause disadvantages, statistical
methods like PCA and DFA apply more than a dozen characters, and morphometric studies are founded more reliable
than enzyme locus studies (Rinderer et al., 1990).

The distribution of Anatolian honeybee populations was first studied by Buttel Reepen (1906) in small areas of
Aegean and Marmara regions. Employing morphologic characters that divided Tiirkiye to seven zones by Bodenheimer
(1941). Maa (1953) was the first systematist to characterize and named as subgenus of A. m. anatoliaca by
morphometrics. Adam (1983) examined honeybees in Anatolia and found similar results with Bodenheimer that 4
races with many ecotypes with rich gene sources. Many researchers reviewed through alloenzyme variations of
Anatolian honeybees supported the findings of Ruttner (1988) in general (Darendelioglu and Kence, 1992; Kandemir
and Kence, 1995; Giiler and Kaftanoglu 1999a,b,¢; Giiler et al. 1999; Kandemir et al.,1995, 2000; Giiler et al., 2002).

Both morphometric and alloenyzme studies resulted that five subgenus of A. mellifera throughout Tiirkiye
including A. m. anatoliaca (Ruttner 1988; Smith et al., 1997; Palmer et. al., 2000; Kandemir et. al., 2006a), A. m.
caucasica (Ruttner 1988; Smith et. al., 1997; Palmer et al., 2000; Kandemir et al., 2006a), A. m. carnica (Bodenheimer
1941; Smith et. al., 1997; Palmer et. al., 2000; Kandemir et. al., 2006a), A. m. syriaca (Ruttner 1988; Palmer et al.,
2000; Kandemir et. al., 2006 a, b, ), A. m. meda (Ruttner 1988).

The area-based geometric morphometric methodology has been used as a tool to investigate the relationship of
honeybees in the present study. Area-based geometric morphometrics is a relatively new technique that has generated
valuable results in many fields of morphometry (Oettle et al., 2005; Nolte and Sheets 2005; Mendes et al. 2007,
Kimmerle et al., 2008; Ogthara et. al., 2008; Hayes et al., 2007; Francoy et al., 2009a, b).

In our previous traditional morphometric study (Kekegoglu, 2007) with the current regional population, the linear
regression was found between wing size and geographical location (longitude and latitude), the present analysis enables
comparisons of size independent covarians in wing area.

Canonical Variance Analysis (CVA) of shape data revealed strong two main cluster that showed dimensional
reduction of variability via canonical variates analysis (CVA) can be appropriate to explore area variability within
homogenous samples subspecies (Francoy et al., 2009a, b).

The average area measurements were found 5.5, 5.2, 5.3, 5.3 ve 5.3 mm? respectively for A. m. carnica, A. m.
macedonica, A. m. mellifera, A. m. ligustica ve A. m. caucasica subspecies respectively (Uzunov et. al., 2009).

Francoy et al. (2006) reported A7 as 0.92 for African bees and 1.09 for Italian and Carnica bees for the A7 area.
As a result of the present study, similar values were found with Tekirdag, Ordu, Diizce, Isparta Van and Hakkari
African bees; while Ardahan, Trabzon and Artvin have higher values. The remaining provinces gave similar values
with Carnica and Italian bees.

The area-based geometric morphometric technique can extract subtle differences like these, which can be
unexpected or difficult to extract with traditional morphometry. Kekegolu (2007) found that the specimens from
Northeastern honeybee, A. m. caucasica formed a strong close cluster with Anatolian honeybee, A. m. anatoliaca based
on traditional morphometric analysis. However, in this study, in contrast to previous study, the small set of samples
from Northeast Anatolia further resolved and formed a distinct cluster that may belong to Caucasican honeybee (Rutner
1988).

5. Conclusion

The valuable results from are-based morphometric were appeared for the description of differences between honey
bee populations through North and south of Tiirkiye. The present results offered an important basis for future
comparative studies between honeybee populations, from Georgia and Northeastern part of Tiirkiye to better clarify
the origin and characteristics of Northeastern population of Tiirkiye.
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Abstract

Technological and rheological properties of fish gelatin (FG) with the addition of different gums (xanthan gum,
gellan gum, agar-agar, locust bean gum, carrageenan, guar gum, gum arabic) were determined. Increase in the
storage modulus (G') and loss modulus (G") was observed with the addition of gums to FG. The elastic structure
of FG became stronger and showed a significantly higher gel property (G’>G"). The addition of gum arabic was
seen to adversely affect the structure of FG, causing a decrease in gel strength and a more viscous structure. The
highest gel strength was achieved with the addition of gellan gum (7.50%). The melting temperatures, gel strength,
and consistency index of FG were increased with the addition of all gums, except gum arabic. Addition of 5.00%
xanthan gum to FG resulted in an increase in the melting temperature to 15.93°C, which was the highest melting
temperature obtained with FG. Similarly, an increase in the melting point was detected with the addition of gellan
gum, agar-agar, carrageenan, and carob gum compared to the control. Different hydrocolloids enhanced Kgel, G,G,
consistency index, gel strength, and melting temperature of FG. Bloom values for Bovine Gelatin (BG) and FG
were 247.16 and 31.29 g, respectively. The bloom value increased to 409.363 with the addition of gellan gum and
changed between 8.11-131.08 with the other gums. The water holding capacity (WHC) was found to be 784.36%
in BG and 35.14% in FG. The highest WHC among all the mixtures was determined as 232.5% with the addition
of 5.00% xanthan gum. The best overall results were obtained with the addition of gellan gum. Gellan gum added
to FG could potentially make it suitable for usage in the food industry.

Keywords: Fish gelatin (FG), Gums, Gel strength, Melting point.
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Yilmaz & Giimiis & Altan Kamer & Kaynarca
Effect of Addition of Different Gums on The Technological and Rheological Properties of Fish Gelatin

Oz

Farkli gamlar (ksantan gam, gellan gam, agar-agar, keciboynuzu gam, karagenan, guar gam, gam arabik) ilavesinin
balik jelatininin (FG) teknolojik ve reolojik dzellikleri {izerine etkisi belirlenmigtir. Balik jelatinine gamlarin
eklenmesiyle birikim modiiliinde (G') ve kayip modiiliinde (G") artis tespit edilmistir. Gam ilavesi ile balik
jelatinin elastik yapisi giiclenmis ve 6nemli 6lciide daha yiiksek bir jel 6zelligi kazanmistir (G™>G"). Gam arabik
ilavesinin balik jelatininin yapisini olumsuz etkiledigi, hem jel mukavemetinde azalmaya hem de daha viskoz bir
yaptya neden oldugu tespit edilmistir. En yiiksek jel kuvveti olan 11390.17 Pa degerine % 7.50 gellan gam
ilavesiyle ulagilmistir. Balik jelatininin erime sicakliklari, jel kuvveti ve kivam indeksi, gam arabik hari¢ tim
gamlarin eklenmesiyle artmistir. Balik jelatinine %5.00 ksantan gam ilave edilmesi, balik jelatini ile elde edilen
en yiiksek erime sicakligi olan 15.93°C'ye erime sicakliginda bir artisa neden olmustur. Benzer sekilde gellan gam,
agar-agar, karagenan ve keciboynuzu gam ilavesiyle de kontrole gore erime noktasinda artis tespit edilmistir. Sigir
jelatin (BG) ve balik jelatini (FG) icin bloom degerleri sirastyla 247.16 ve 31.29 g olarak tespit edilmigtir. Farkli
hidrokolloidler, balik jelatininin Kgel, G',G"', kivam indeksi, jel kuvveti ve erime sicakligini arttirici etki
gostermigtir. Bloom degeri gellan gam ilavesiyle 409.363 g 'ye yiikselirken, diger gamlarla 8.11 ile 131.08 g
arasinda degisiklik gostermistir. Su tutma kapasitesi (WHC) sig1r jelatininde %784.36, balik jelatininde ise %35.14
olarak tespit edilmistir. Tiim karisimlar arasinda en yiiksek WHC, %5.00 ksantan gam ilavesiyle %232.5 olarak
belirlenmistir. Calisma kapsaminda en iyi sonuglar gellan gam ilavesiyle elde edilmistir. Balik jelatinine gellan
gam ilavesi ile jelatin gida endiistrisinde kullanima uygun hale gelme potansiyeli kazanmaktadir.

Anahtar Kelimeler: Balik jelatini (FG), Gam, Jel kuvveti, Erime sicaklig1
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1. Introduction

The use of gelatin is wide ranging and extensive, giving it a high economic value. Of the approximately 400
thousand tons of gelatin produced worldwide today, 46% is generated from pork, 29.4% from bovine skin, 23.1%
from bones and 1.5% from other sources (GME, 2008). According to the Grand View Research reports, the share
of gelatin in the world market will exceed 4 billion dollars by 2024 (Karayannakidis and Zotos, 2016). The use of
fish skin or bone materials in the production of gelatin has become popular in recent years due to factors such as
religious preferences, safety concerns, and economic considerations of pork and bovine gelatin (BG) (Sow and
Yang, 2015; Yang and Wang, 2009). For this reason, fish gelatin (FG) has been used as an alternative to bovine
and pork gelatin in the food industry (Kaewruang et al., 2014). Since FG does not have the quality parameters of
mammalian gelatin, it can’t be used directly as an alternative; it needs to be modified with the addition of different
processes or additives for use in the food industry. The main advantages of FG are that its source is not associated
with the risk of bovine spongiform encephalopathy (BSE) and can be used by diverse religions such as Muslims,
Hindus, and Jews. In addition, the main by-product of fish production, which causes waste and pollution, can be
utilized to generate the gelatin (Binsi et al., 2009).

Various studies with FG have generally compared its characteristics with pork gelatin. The existing collagen
in fish skin was shown to be of a wider variety than mammalian collagen, hydroxyproline and proline contents
were lower than mammalian gelatin, and serine and threonine contents were higher in FG (Balian and Bowes,
1977). The higher the proline and hydroxyproline levels, the higher the melting point and gel strength (Karim and
Bhat, 2009). It has been reported that the FG yield varies between 6-19%, which is lower than mammalian gelatin.
The main quality parameters required for the use of gelatin as an additive in the food industry are high gel strength,
as well as suitable melting and gelling temperatures. Various modifications have been reported to increase the
weak gel strength of FG. These include mixing high gel strength gelatins with FG, treatment of gelatin with
carbohydrates, proteins and different salts, addition of transglutaminase, addition of phenolic compounds, use of
cross-linking agents, high pressure, radiation and UV radiation (Avena-Bustillos et al., 2006; Gilsenan and Ross-
Murphy, 2000; Lin et al., 2017; Pranoto et al., 2007). The physicochemical properties of FG were reported to be
modified by mixing it with food polysaccharides (Sow et al., 2018).

In the current study, gelatin was produced from waste fish skins in order to evaluate the use of this industrial
waste material as a source of an economically important food additive. Additionally, changes in the rheological
and technical characteristics of the produced FG was determined after the addition of different gums (xanthan gum,
gellan gum, agar-agar, carob gum, carrageenan, guar gum, gum arabic).

2. Materials and Methods
2.1. Materials

The skin of rainbow trout (Oncorhynchus mykiss) was used as a source of gelatin. Trout skins were obtained from
a trout farm in Canakkale and stored at -18°C until use. The gums (gellan gum, gum arabic, xanthan gum, carob gum,
guar gum, carrageenan, agar-agar) and BG were sourced commercially.

2.2. Methods
2.2.1. Gelatin extraction

Gelatin from fish skin was obtained with a previously reported method (Garcia and del Carmen Guillen, 2003).
Frozen fish skins were cut into small pieces with the help of scissors and washed with tap water. The cut skins were
immersed in 0.5 M NaCl at 5°C and mixed with a baguette for 5 minutes. The skins were then taken to a beaker
containing NaOH (1:5 w/v) and incubated for 40 minutes in a shaking incubator (INFORS) at 20°C at a mixing speed
of 180 rpm. Following this, the skins were washed three times with distilled water. Next, the swollen skins were
extracted with 0.1 M acetic acid at 50°C at a mixing speed of 180 rpm for 18 hours. The extracted FG was passed
through a filter paper and dried at 80°C in an incubator (ERTICK) (Isik, 2018).

2.2.2. Preparation of FG solutions

A total of 7 different gums, including xanthan gum (1), gellan gum (2), agar-agar (3), carob gum (4),
carrageenan (5), guar gum (6), gum arabic (7), were evaluated as additives in preliminary experiments. Five

665



Yilmaz & Giimiis & Altan Kamer & Kaynarca
Effect of Addition of Different Gums on The Technological and Rheological Properties of Fish Gelatin

different amounts of each gum corresponding to 0.5, 2.50, 5.00, 7.50 and 10%, to 6.67% (w/v) were added to FG.
Prior to the addition of the gums, the dried FG was ground into a more easily soluble form. The solutions were
kept at room temperature for 1 hour to hydrate followed by mixing in a shaking incubator at 65°C for 20 minutes
at 180 rpm until all the gelatin was dissolved. The prepared solutions were incubated at 4°C for 16-18 hours to
form a gel (Cai et al., 2017).

2.2.3. Determination of physicochemical properties of FG

Ash, protein and pH values of the BG and FG samples were determined according to the AOAC (2000) method
(AOAC, 2006).

2.2.4. Determination of rheological properties

Small-deformation oscillatory measurements were performed with FG containing 6.67%, w/v of the gum in a
controlled-strain rotation rheometer with a peltier system (TA Instruments New Castle, USA). The plate and plate
geometry (40 mm diameter of the upper plate), was used with a gap setting of 0.8 mm.

2.2.4.1. Gelation kinetics

To determine gel kinetic parameters, time sweep analysis was performed by using a previously published
method (Kuan et al., 2016) with some modifications. Briefly, FG gels were placed on the rheometer plate at a
temperature of 24°C. For the product to reach equilibrium, first, the temperature was reduced from 24°C to 4°C at
a rate of 1°C/min and a temperature sweep was performed. Time sweep analysis at 4°C for 4000 seconds at a
constant frequency of 1 Hz and strain of 1% was performed for samples in which linear viscoelastic regions (LVR)
were determined. The data were analyzed using the software supplied with the device. Elasticity and viscosity
values were expressed as storage modulus (G’) and the loss modulus (G"), respectively.

2.2.4.2. Determination of gel strength and steady shear experiments

Gel strength is a measure of the stability of the gel against angular frequency, and serves as an indicator of the
suitability of the gel for storage. Following the time sweep analysis, the gel strength was determined in the range
of 0.1-10 Hz (Anvari & Chung, 2016) at 1% strain with the frequency sweep test (Kuan et al., 2016). For this
purpose, compatibility with storage conditions (J') was calculated with the following equation:

' G’
I'=6n (Eq. 1)
G_N”0 is the indicated gel strength is related to J_ N~0. J_N”0 also indicates the frequency with the lowest
G” value (Ferry, 1980).
1
Gy = o (Ea.2)
N
Rheological data were tested for compatibility with the Power-Law model. Flow behavior, consistency
coefficient (K-Pa.s") and flow behavior index (n) values of FG+gum solutions were calculated by using Power-
law (Equation 3). The model with the highest coefficient of determination (R?) was established.

Power law (Ostwald-de Waele equation) model: o = K(7)" (Eq. 3)
2.2.4.3. Gelling and melting temperatures

Temperature sweep analysis was performed to determine the gelation and melting temperatures of gelatin
solutions. The samples were heated to 10°C, followed by equilibration for about 300 seconds, heating to 50°C at
the rate of 1°C/min and then cooling back to 10°C. The crossover point where the storage modulus (G') was
reduced and the loss modulus (G”) was increased was considered as the melting temperature. In the cooling
process, the temperature at which G' and G” underwent a crossover was considered as the sol-gel transformation
or gel formation point.

2.2.4.4. Determination of gel strength (Bloom value)

Bloom value was determined according to a previously described method (Europe, 2000). The FG+gum
mixture was dissolved in 105 mL of distilled water and taken into a bloom jar. Gel strength was measured with a
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texture analyzer (TA HD plus) at 4°C. Gel force (g) was measured as the force required for 4 mm penetration into
the samples at a penetration rate of 1 mm/s.

2.2.5. Texture profile analysis

The hardness properties of gelatin were determined using a 36 mm diameter (R/36) probe at 4°C using a texture
analyzer (TA HD plus). Test parameters included a test speed of 2 mm/s; Target mode: Compression distance: 5
mm,; Duration: 3.0 s; Trigger type: Automatic (force); Trigger force: set to 0.1g (Kuan et al., 2016).

2.2.6. Determination of water holding capacity (WHC) and oil binding capacity (OBC)

WHC and OBC were determined according to the method of (Lin et al., 1974). 1g sample was weighed into a
centrifuge tube; 50mL of distilled water and 10mL of corn oil were added to it. After 1 hour of storage at room
temperature, the tube was vortexed 4 times for 5 seconds at intervals of 15 minutes. At the end of the process, the
tube was centrifuged for 20 minutes at 450 x g. The upper phase was removed and the phase remaining in the
centrifuge tube was filtered through a filter paper at an angle of 45 degrees for 30 minutes. The tube and the pellet
were weighed and the results were calculated with the following equations:

WHCY% = [Pellet weight (g)—Gelatin weight (g)]
b =

x100 (Eq. 4)

Gelatin weight (g)

OBCY% = [Pellet weight (g)—Gelatin weight(g)] %100 (Eq 5)

Gelatin weight (g)

2.2.7. Microstructural properties
Images of gelatin samples were taken with a FEI-QUANTA FEG 250 Scanning Electron Microscope (SEM).
2.2.8. Statistical analysis

The data were analyzed with the JMP 5.0.1.a package program. One-way ANOVA and Tukey’s comparison
test was used to compare the differences statistically.

3. Results and Discussion

Seven different gums (xanthan gum, gellan gum, agar-agar, carob gum, carrageenan, guar gum, gum arabic)
were added to FG in a range of 0.5-10% (w/v). The melting temperature and gel strength were evaluated with
rheological analyses in a total of 35 samples (Table 1). The ideal gum amount was determined on the basis of the
highest gel strength and melting temperature (Table 2). As seen in Table 1, the melting points of the samples varied
between 14.50-29.74 °C. While the highest melting point was observed in BG (29.74 °C), the lowest melting point
was found in FG with the addition of 2.50% gellan gum (14.50 °C). The gel strength of the samples ranged from
749.77-11,390.17 Pa. The highest gel strength was 11390.17 Pa in FG with 7.50% gellan gum added, while the
lowest value was 749.77Pa in FG with 5.00% gum arabic added. These findings are in agreement with the
commonly accepted 8-25 °C range for fish gelatin to gel (Karim and Bhat, 2009). The incorporation of various
hydrocolloids, such as gums, has been reported to enhance the rheological properties of fish gelatin. These
hydrocolloids can augment the gel strength and melting degree of the gelatin. This finding is supported by prior
research in the field (Haug et al., 2004; Huang et al., 2019).

The pH value of 5 in FG and BG increased to 5.08 only in FG samples with added locust bean gum; all other
samples showed a decrease in the pH value. Examples of decreasing pH values were: FG+xanthan gum pH 4.95,
FG+gum arabic pH 4.92, FG + carrageenan pH 4.87, FG + guar gum pH 4.86, FG + agar agar pH 4.82 and FG +
gellan gum pH 4.78. FG with added gellan gum had the lowest pH value of 4.78 (Table 2). In the literature, it has
been reported that the pH value of the produced gelatin changes depending on the extraction processes applied
(Songchotikunpan et al., 2008). Depending on the pre-treatment applied to the collagen, different types and
properties of gelatin can be obtained including type A and type B gelatin. Type A gelatin has an isoelectric point
at pH 6.9, while type B has an isoelectric point at pH 5 (Karim and Bhat, 2009). In addition, pH is one of the
important factors affecting the gelling properties of FG (Kaewruang et al., 2014). The gelatin produced in the
current study is type B gelatin and may have the potential to be used particularly in acidic foods.
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Table 1. Gel strength and melting point values of FG with the addition of gum at different concentrations

Melting point Melting point  Gel strength
hpelel G (°C) Gel strength (Pa) HEElE Gums (°C) (Pa)
Bovine Gelatin FG+5.00% -
1 (BG) 29.7440.005a 5600.87+0.07b 20 Carob gum 15.514£0.005cde  1455.83+3.18 ghi
Fish Gelatin (FG)  15.27+0.011efg  1649.14+0.04ghi FGH7.50% 15 5910.003bcd 25819341 8¢
2 ) ’ ’ ’ 21 Carob gum ’ ’ ’ ’
FG+0.5% Xanthan FG+10% 15.58+0.021 .
3 Gum 15.22+0.011 efg  1723.57+1.57efg 29 Carob gum bed 1206.43 0.95hij
FG+2.50% . FG+0.5%
4 Xanthan Gum 15.61£0.005bcd  1327.60+2.9 ghi 23 Carrageenan 15.4340.017cde  2236.56+22.08def
FG+5.00% FG+2.50% 1399.635+4.36
5 Xanthan Gum 15.93+0.011b 2658.294+5.64cde 24 Carrageenan 15.80+0.017bc ghi
FG+7.50% FG+5.00% 15.22+0.017 ..
6 Xanthan Gum 15.50+0.001cde 1684.17+4.25fgh 25 Carrageenan  efg 1046.77+1.28 hij
0, 0,
FGH10% Xanthan 5 ¢0.0 046be  1931.8544.79¢fe FGH7.50% 15 7140, 005bcd 12+3-205%1.67
7 Gum 26 Carrageenan ghi
0, 0,
FGHO.5% Gellan 4 ¢040.017kim  951.89+21.94ij BJ+10% 15:6920.0175 3196 74241 38¢
8 Gum 27 Carrageenan  bcd
FG+2.50% Gellan FG+0.5% "
9 Gum 14.50+£0.003m  2896.58+14.13cd 28 Guar Gum 14.794+0.005Im  928.82+1.48 ij
FG+5.00% Gellan .. . BJ+2.50%
10 Gum 14.90+0.046ijk  1532.5142.19 ghi 29 Guar Gum 15.00+0.323def 1377.614£2.79 gh
FG+7.50% Gellan FG+5.00% 15.22+0.017
11 Gum 15.60+0.017bcd  11390.17+10.17a 30 Guar Gum efg 1814.04+0.04¢fg
FG+10% Gellan FG+7.50% 1026.4240.56hij
12 Gum 31 Guar Gum 15.1120.017fgh
FG+0.5% Agar . .. FG+10% 15.21+£0.005 ..
13 Agar 15.10+0.017ghi  1109.88+5.66 hij 32 Guar Gum efg 1000.51+14.19 hij
FG+2.50% Agar . N BJ+0.5% ..
14 Agar 15.10+0.001 ghi 1681.85+1.37 hjj 33 Gum Arabic 14.7940.011lm  1136.54+0.04 hij
FG+5.00% Agar FG+2.50% . ..
15 Agar 15.20+0.028 efg  2593.06+10.17cde 34 Gum Arabic 14.894+0.005jkl  934.45+4.04 ij
FG+7.50% Agar FG+5.00% " .
16 Agar 15.31£0.005def 3384.56+62.91c 35 Gum Arabic 15.06+0.028hij  749.77+2.16j
FG+10% Agar 15.60+0.017 FG+7.50% .
17 Agar bed 5656.14+56.14b 36 Gum Arabic 14.79+0.005Im  777.44+1.82j
FG+0.5% Carob 15.60+0.075 . FG+10% .
18 gum bed 1466.10+66.1 ghi 37 Gum Arabic 15.11+£0.260def 1438.67+0.07 ghi
0,
FG+2.50% Carob 15 60.10.011bc ~ 3506.206.2¢
19 gum

*Values in a column followed by different superscript letters are significantly (p < 0.05) different (Duncan’s
test). -: It could not be measured due to conversion to a solid form

Table.2. Physicochemical and technical properties of FG-gum mixtures showing the best rheological

properties.

Samples Gelatin-gum mixing ratio (%) Conc.(%) pH value  Ash (%) Water Holding Oil Binding Degree of
Code Capacity (%) Capacity (%) Bloom (g)
Control 1 6.67%FG 100% 5+0.02b 6.80+0.02¢c  35.14+5.105d 146.43+11.975bc  31.29+0.02¢
Control 2 6.67% BG 100% 5+0.01b 3.75+0.011 784.36+13.87a 190.87+6.155a 247.16:|:0.03b
5 6.67% FG+0.033 Xanthan 5.00% 4.95+0.02bc 6.41+0.01d 232.59+16.68b 156.77+13.77bc 9,94:t0,02h
11 6.67% FG +0.050 Gellan 7.50% 4.78+0.03f 7.02+0.02b 104.17+1.72¢ 166.33+4.51b 409.33+0.032
17 6.67% FG +0.667 Agar Agar 10% 4.82+0.03ef 5.89+0.05f 50.50+14.995d 149.34+7.125bc 131.08+0.03°¢
27 6.67% FG +0.667 Carrageenan 10% 99.2242.92¢ 140.01+3.83¢

4.87+0.01de 8.21+0.01a 19.89+0.01¢
30 6.67% FG +0.333 Guar Gum 5.00% 124.36+ 4.485¢ 153.75+0.25bc

4.86+£0.02de 5.69+0.1h 8.11+£0.01"
37 6.67% FG +0.667 Gum Arabic 10% 102.19+0.375¢  142.89+4.425¢

4.92+0.02cd 5.99+0.01e 18.76+0.01F

*Values in a column followed by different superscript letters are significantly (p < 0.05) different (Duncan’s

test)
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The % ash amounts of FG alone and after the addition of different amounts of gum are shown in Table 2. The
amount of ash was 6.80% in FG and 3.75% in BG; BG had the lowest ash content of all the samples examined.
Among the FG and gum mixtures, FG+carrageenan had the highest ash content with 8.21% while the ash content
of the FG+gellan gum mixture was 7.02%. FG+guar gum had the lowest ash content of 5.69% (Muyonga et al.,
2004) reported that ash content increased with increasing age in fish; the ash content of older fish skin was higher
than that of young fish skins. The ash content of FG was seen to be higher than mammalian gelatin; higher quality
FG have a low ash content (Muyonga et al., 2004) reported that a demineralization process applied at the extraction
stage can affect the ash content of gelatin. Higher ash content may be seen if the demineralization process is
insufficient. It is recommended that high quality gelatin should have an ash content of less than 0.5%, and in food
applications, the ash content should be less than 3% (Yearbook, 2019). The FG extracted in the current study as
well as the FG-gum mixtures generated had an ash content of more than 3%. This may be decreased further by
applying different demineralization processes.

3.1. Rheological properties of FG-gum mixtures

The viscoelastic properties of BG, FG and FG with different gum additions were determined with the frequency
sweep test under 1% strain. The frequency-dependent change in G’ and G” values are shown in Figure. 1. The data
were adapted to the Power- Law model and the consistency indices (K) and flow indices (n) are given in Table 3.

As a general trend, the G’ and G” values of FG were seen to increase with the addition of gum, suggesting that
the elastic structure of FG was strengthened with the addition of gums. The elastic property of the samples was
more dominant than the fluidity property and formed a gel-like structure. Among all the FG+gum mixtures,
FG+gellan gum showed a significantly higher gel property (G>G"). The addition of gum arabic negatively affected
the structure of FG, causing a decrease in gel strength and a more viscous structure. The results obtained with
oscillation tests were compatible with the shear steady flow data. For all samples, G’ appeared to be at least 100
times larger than G”. This is typical of a strong gel system (Yang and Wang, 2009).

Frequency sweep test was performed at 10°C to compare the mechanical strength of FG and FG-gum mixtures
(Anvari and Chung, 2016). Frequency scanning under dynamic conditions (in the linear viscoelastic region)
showed that both G’ and G" values increased slightly with increasing frequency in all gum added and control
samples (Fig. 1). This property is typical for a concentrated polymer solution (Mei et al., 2012). In addition, G’
was seen to be weakly frequency dependent compared to G” (Fig. 2), typical of systems with solid-like rheological
properties (Zhong and lkeda, 2012). FG+gellan gum, FG+agar agar and FG+carrageenan showed slower
characteristic slopes for the frequency dependence of G'. This suggests the presence of a strong gel structure and
shows that gellan gum, agar-agar and carrageenan can strengthen the gel structure of FG. All samples were found
to exhibit true gel behavior, regardless of the gum type. The G’ curves for each sample were almost parallel to
each other regardless of the oscillation frequency. The G" was found to be higher than the G” modulus practically
over the entire frequency range. This feature is considered to be typical of systems with a rigid and brittle structure
(Lin and Huang, 2003). There was a significant increase in both G’ and G” with the addition of all gum samples to
FG except gum arabic. Addition of hydrocolloids such as gums can increase of G’ and G” due to intramolecular
interactions (Sow et al., 2018).

The flow behavior consistency coefficient (K-Pa.s") and flow behavior index (n) values of FG+gum solutions
are shown in Table 3. The K coefficient of the samples varied between 767.54 -12,051 Pa.s". The lowest K value
was determined as 767.54 Pa.s" in FG with 5.00% gum arabic added while the highest K value of 12051 Pa.s" was
seen in FG with 7.50% gellan gum added.

The samples with the best K (consistency index) values were determined as FG with addition of 2.50% carob
gum, 5.00% xanthan gum, 5.00% guar gum, 7.50% gellan gum, 10% carrageenan and 10% agar-agar, respectively
(Table 3). The best performing FG+gum mixture was found to be FG+gellan gum; addition of 7.50% gellan gum
increased the consistency index and therefore strength of FG to values greater than that obtained with BG. This
may have resulted from the contribution of increasing gellan gum concentration and stronger intermolecular
interactions to the G’ and G” values. Similar results were also reported with hydrocolloids such as carrageenan
(Haug et al., 2004; Sow et al., 2018). However, the addition of gum arabic negatively affected the rheological
properties of FG at all concentrations and decreased the consistency index.
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Figure. 1. Variation in G' and G'' values of bovine gelatin (BG), fish gelatin (FG) and FG-gum mixtures as a
function of angular velocity.
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Figure. 2. Time-dependent variation of G' in FG and FG-gum mixtures.
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Table.3. Power-Law (PL) model parameters of gum added FG solutions

Samples

Gelation Kinetics

Samples Name k (Pa.s") n R?

- 2

Code Kgel C() R
Control 1 Fish Gelatin 1685.1£5.  0.0085+0.0  0.99

(FG) 5h 002a 378.63+5.29b 1863.9+10.41¢ 0.96
Control 2 Bovine Gelatin ~ 5720.9+22  0.0081+0.0  0.99

(BG) 39 009a 630.99+3.93¢ 112.54+1.09a 0.98
5 FG+Xanthan 2761.3+18 0.0206+0.0  0.95

Gum 2d 09 604.16+£0.92d 1784.7+3.14f 0.96
11 FG+Gellan 12051+11 0.0411+£0.0 0.94 1307120 41 346,140 57b 097

Gum Ole
17 FG+Agar Agar gﬁ92.7i2. gBOISiO,OO 0.99 913.9542 03h 786,340,281 097
19 FG+Carob 3683.3+3.  0.018+0.00  0.99 702.08+1.08g 1419.6.7423.20c 098

Gum of 4b
27 FG+Carrageen  3429.6+5.  0.0282+0.0  0.99

an e 003c 672.03+£0.62f 1614.8+8.44d 0.98
30 FG+Guar Gum s1)214.&4. 8b021b8810.0 0.98 416.2+1.93¢ 1958 7+3.15h 097
37 FG+Gum 955.87+3.  0.0112+0.0  0.95

Arabic 223 003a 330.02+2.81a 1650.6+4.60e 0.96

*Values in a column followed by different superscript letters are significantly (p < 0.05) different (Duncan’s

test)

Figure. 3. Variation of G' and G" values of FG and gum mixtures depending on temperature
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The flow behavior index (n) was found to be below 1 in all samples. Elastic properties of all the samples tested
were more dominant than viscous properties. The rheological behavior of FG with the addition of 10% agar-agar
was found to be similar to that of BG. With the addition of 7.50% gellan gum, the gel structure of FG became
approximately 2 times stronger than BG. Evaluating the effects of addition of carrageenan on the structure and
rheological properties of FG (Sow et al., 2018). Reported that carrageenan strengthened the rheological properties
of FG, corroborating the data from the current study.

As another measure of the rheological properties of FG, BG and FG+gum mixtures, time dependent gelation
was determined (Figure 2). The G’ value was seen to increase as a function of time when the samples were kept
at a constant temperature at 4°C. This indicates that as the residence time increased, the helical structure was
increased, reflecting on an increased gel strength. This also indicated that gelation had taken place. The G’ value
of all samples were seen to increase rapidly for about 1,000 seconds, followed by a gradual plateauing. These data
suggest that existing junctions of the fortified gels were constantly reorganized but had the tendency to stabilize
over time (Choi and Regenstein, 2000; Kuan et al., 2016).

Gelation kinetic parameters were determined by fitting the experimental data to the logarithmic function model
(Table 3). The gel strength of FG was increased with the addition of each of the gum samples except gum arabic.
This increase was approximately 7 times with the addition of 7.5% gellan gum, giving this sample the highest gel
strength. This was followed by agar-agar (5,656.14 Pa), carob gum (3506.20 Pa), carrageenan (3,196.742 Pa),
xanthan gum (2,658.29 Pa) and guar gum (1,814.04 Pa). The kgel values of the control FG and BG samples were
378.63 and 630.99 respective; upon addition of the gum samples, the kgel values of FG varied between 007-307.1.
Considering the effect of the gums on gelation kinetics and strength of FG, gellan gum was seen to improve Kgel,
G" and gel strength of FG more than the other gums. Similarly, the addition of agar-agar, carrageenan and carob
gum improved the structure compared to control FG and BG. The kgel of FG increased approximately 2 times
with the addition of carrageenan and locust bean gum, approximately 2.5 times with the addition of agar agar, and
approximately 3.5 times with the addition of gellan gum. As a general trend, G’, gel strength and kgel values
increased with the increase in the concentration of gum added. These results are in line with those of previously
reported studies (Cai et al., 2017; Kuan et al., 2016).

Changes in G’ and G” values during the heating of gelatin solutions are given in Figure 3. The melting
temperatures of the samples varied between 14.79°C and 15.93°C. The melting temperature of the control FG and
BG samples were 15.11°C and 29.74°C, respectively. A decrease in G' and G" values was observed in all of the
samples with the heating process. The melting temperature of FG increased with the addition of xanthan gum, agar
agar, gellan gum, carrageenan, locust bean and guar gum, compared to the control FG sample due to the high
solute concentration in the gums. An increase in the melting point of FG is important for its use as an alternative
to mammalian gelatin in food products. Nonetheless, the 29.74°C melting point of BG could not be reached even
at the best highest concentrations of the gums used.

3.2. Gel strength (Bloom Degree)

The bloom degree of the FG samples with different added gums are shown in Table 2. The bloom degrees of
the control BG and FG samples were 247.16g and 31.29g, respectively. The bloom degree of the FG+gellan gum
sample at 409.33g was higher than the control BG sample, followed by FG+agar agar with a bloom value of
131.08g. The lowest bloom value of 9.94g was obtained with the FG+xanthan gum mixture. The gel-forming
property of gelatin depends on many factors such as extraction method, temperature, pH, type of raw material used
for extraction and additives used during extraction. The cooling temperature and ionic strength of the gelatin
sample ban also affect the bloom values (Europe, 2000). The quality of gelatin is measured by gel strength or
bloom value and are classified as low (<150), medium (150-220) and high bloom (220-2300) values (Johnston-
Banks, 1984). While the gelling strength of commercial gelatins is in the range of 100-300, it is desirable to
produce gelatin at 250-260 blooms (Johnston-Banks, 1984). In the current study, samples with low bloom values
were obtained, except for the FG+gellan gum mixture and the control BG sample.

3.3. Texture Profile Analysis (TPA)

TPA results of the FG samples with the addition different gums are shown in Table 4. The hardness levels of
the controls BG and FG were 298.17g and 17.98g, respectively. With the addition of gums to FG, the level of
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hardness approached that of BG with hardness of values as high as 231.76g observed in the FG+gellan gum sample.
This was followed by FG+agar agar with a hardness value of 104.15g. The hardness values of the other FG+gum
samples varied between 16.18 and 42.86g. Considering the degree of elasticity, FG+gellan gum showed the best
result with 0.44, followed by BG with 0.399 and then FG+carob gum and FG+gum arabic samples. The degree of
elasticity was 0.357 in the control FG samples and the lowest elasticity value was determined as 0.33 in the
FG+carrageenan sample.

Evaluation of the parameter gumminess indicated that BG had the highest value of 0.821 while FG+agar agar
had the lowest gumminess value of 0.392. The control FG sample had a gumminess value of 0.462. The gumminess
value closest to BG was determined in the FG+xanthan gum sample. Evaluation of the parameter chewiness
indicated that the best outcome was determined as 97.64 in BG, while the lowest value was measured as 2.81 in
FG+guar gum. The control FG sample had a chewiness value of 2.96 suggesting that this parameter was lowered
even further with the addition of guar gum. Addition of the other gum samples had an overall positive effect on
the chewiness of FG, although the effect was somewhat modest. Among the FG samples with gum addition, the
highest chewiness was observed with FG+gellan gum with a value of 48.84. Determination of resilience recovery
suggested similar values in FG (0.606) and BG (0.626). The ability of elastic recovery, or resilience, might vary
based on the imino acid content of the gel, its molecular weight distribution, and the extraction technique used
(Chandra and Shamasundar, 2015).

Table 4. Texture analysis profile of gum added FG solutions

i?)rgf - Samples Name  Hardness (g) Elasticity Gumminess Chewiness Resilience
Control 1 Fish Gelatin 17.989+£0.002h  0.357£0.001d  0.462£0.002h  2.969:0.002h 0600 *
(FG) 0.001c
Control 2 (Bé’é;”e Gelatin - 98 174:0.004a  0.399£0.002b  0.82120.001a  97.64120.001a 8:83&*
5 gﬁ;}xa”tha“ 27.123£0.001g  0.349+0.002¢  0.656£0.001b  6.207£0.002¢ 8:(5)8;:
1 FG+GellanGum 3 76510.003b  0.440£0.003a  0.47120.001g  48.842£0.002b 8:83?
17 FGHAGarAGar 104 15610.001c  0.350£0.002d  0.392£0.0021  14.56320.003¢ 8:(1)32}1*
19 FG+Carob GUM 5, 75610.002e  0.390£0.001c  0.601£0.001d  7.206£0.001e 8:8225
27 FG+Camageenan ) ¢6310.004d  0.330£0.002f  0.521£0.001  7.3740.004d 8:%?;
30 FGHGuarGUM 16 183100031 0.350£0.003d  0.489:0.003f  2.812+0.0021 8:38;}
37 FG+GUMAIADIC 5 10310.002f  0.390£0.001c  0.615£0.002c  6.979£0.001F 8:882:

*Values in a column followed by different superscript letters are significantly (p < 0.05) different (Duncan’s
test)

3.4. Water Holding (WHC) and Oil Binding Capacity (OBC)

The water holding and oil binding capacities of control FG and the FG samples with different gum additions
are shown in Table 2. The sample with the highest WHC was BG with 784.36% followed by FG+xanthan gum
with a WHC of 232.59%. The control FG sample had the lowest WHC of 35.14%. Addition of each of the gum
samples increased the WHC of FG.

BG had the highest OBC of 190.87% while the lowest OBC was determined in the FG+locust bean gum as
138.83%. Following BG, the highest OBC was observed in the FG+gellan gum mixture of 166.33% (Nurul and
Sarbon, 2015). Emphasized that the WHC was related to the amount of hydrophobic amino acids present in the
gelatin samples as well as the presence of high amounts of pores and voids in the gel network.

3.5. Microstructural characteristics (SEM)

Microstructures of the control FG and BG samples, as well as FG samples with 7 different gums added were
examined by scanning electron microscopy (SEM) (Figure 4). SEM images indicated the presence of filamentous-
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fibrous structure in the control BG sample (Figure 4b) while the control FG sample was more homogeneous and
had smaller pores (Figure 4a). The FG+carob bean and FG+carrageenan samples were similar in structure to BG,
while FG+agar-agar, FG+xanthan gum and FG+gum arabic were similar to FG. FG+guar gum and FG+gellan
gum showed a homogeneous and almost smooth structure. These differences in the microstructures could be due
to the differences in the chemical composition of the gums. Gums used in this study were obtained from different
raw materials, with differences in production methods such as extraction and purification.

@ (b) (©)

@ (h) 0}

Figure 4. SEM images of bovine gelatin (BG), fish gelatin (FG) and FG with different gums added. (a: FG,
b:BG, c:FG+Carob gum, d:FG+Agar agar gum, e: FG+Carrageenan, f: FG+Xanthan gum, g: FG+Guar
gum, 1: FG+Gum arabic)

4, Conclusions

Kgel, G',G", consistency index, gel strength and melting temperature of FG were increased upon the addition
of different hydrocolloids (gellan gum, carrageenan, agar agar, locust bean gum, and xanthan gum). The weaker
rheological properties of the control FG samples compared to mammalian gelatin were improved upon addition of
the gums. Thus, with the addition of gum, the elastic structure of FG was strengthened and the samples showed
higher gel properties. Among the hydrocolloids used in the study, the sample that resembled the characteristics of
BG the most was FG+gellan gum. Gum arabic, agar agar and carrageenan, also improved the characteristics of
FG; however, the they still fell short of optimal outcomes. FG modified by the addition of gellan gum may have
the potential for use in the food industry.
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Determination of Some Quality Parameters of Buffalo Meat*

Manda Etinin Bazi1 Kalite Parametrelerinin Belirlenmesi
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Abstract

The buffalo (Bubalus bubalis) is a cattle that plays an important role in the lives of millions of people in many
ways such as milk, meat, cargo, transport, transportation and farm manure in India and other Asian countries.
Disease resistance, adaptability to various climatic conditions, better digestible meat of low quality grass-fed,
faster growth, and weight gain are essential for buffalo breeders. Buffalo meat is similar to cattle meat in terms of
meat composition, quality and sensory characteristics. It has some nutritional advantages such as containing less
fat and calories. As a matter of fact, studies on the meat of some other animals such as sheep, lamb and beef, which
are among the sources of red meat today, have increased recently. Consumers' interest in buffalo meat is increasing
day by day in terms of both the high nutritional value of meat quality and the creation of a new red meat source.
In this study, the physicochemical properties of buffalo meats were determined. For this purpose, 20 different
Anatolian water buffaloes (7 male and 13 female) grown in the borders of Istanbul/Catalca district were used. The
samples were taken from the Musculus longissimus dorsi (MLD) part of the animals for the analysis of buffalo
meats. Color (L*-brightness, a*-red and green, b*-yellow and blue), moisture content, protein content, fat content,
ash content, pH and water activity (aw) of buffalo meat samples were determined. In addition, the fatty acid
composition of buffalo meats was determined. The average ash, pH, water activity, moisture, protein and fat ratios
of buffalo meats were determined as 2.64%, 5.71, 0.99, 65.60%, 22.28% and 8.65%, respectively. L*, a* and b*
values were determined as 42.66, 21.66 and 19.61, respectively. The major fatty acids of buffalo meats were C18:0
(stearic acid) while C18:3 (linolenic acid) was the least abundant fatty acid. The results of this studies suggested
that buffalo meat could be considered as a good source of red meat.
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Oz

Manda (Bubalus bubalis), Hindistan ve diger Asya iilkelerinde siit, et, yiik, tasima, ulasim ve ¢iftlik giibresi gibi
bir¢ok yonden milyonlarca insanin hayatinda 6nemli bir rol oynayan, biiyiik bas hayvandir. Hastaliklara karsi
direngli olmasi, ¢esitli iklim kosullarina uyum saglamasi, diisiik kaliteli otla daha iyi sindirilebilirlik 6zelligi, daha
hizli biiyiime ve agirlik kazanimi manda yetistiricileri igin olduk¢a 6nemlidir. Manda eti; etin bilesimi, kalite ve
duyusal 6zellikleri agisindan biiyiikbas hayvanlara benzerdir ve daha az yag ve kalori icermesi beslenme agisindan
oldukca avantajlidir. Nitekim giinlimiizde kirmizi et kaynaklar1 arasinda yer alan basta koyun, kuzu ve sigir etleri
olmak iizerine diger bazi hayvanlarin (manda) etleri {izerine de ¢aligmalar son zamanlarda gittikce
yogunlagmaktadir. Tiiketiciler agcisindan hem et kalitesinin besleyici degerinin yiiksek olmasi, hem de yeni bir
kirmiz1 et kaynag1 olusturmasi acisindan manda etine olan ilgi giin gectikce artmaktadir. Bu ¢alismada manda
etlerinin fizikokimyasal 6zellikleri belirlenmis ve bu amagla 7’si erkek, 13’ii disi olmak iizere Istanbul/Catalca
ilgesi sinirlart igerisinde yer alan 20 farkli Anadolu mandasi kullanilmistir. Manda etlerinin analizi i¢in hayvanlarin
Musculus longissimus dorsi (MLD) boliimiinden 6rnekler alinmistir. Alinan manda eti 6rneklerinde renk (L*-
parlaklik, a*-kirmizilik ve yesillik, b*-sar1 ve mavilik), rutubet miktari, protein orani, yag orani, kiil orani, pH ve
su aktivitesi (aw) analizleri yapilmistir. Bu analizlere ilave olarak yaglar1 ekstrakte edilen manda etlerinin yag
asitleri bilesimine de bakilmistir. Analizler sonucunda manda etlerinin ortalama kiil, pH, su aktivitesi, nem, protein
ve yag oranlar sirastyla; % 2.64, 5.71, 0.99, % 65.60, % 22.28 ve % 8.65 olarak belirlenmistir. Etlerin renk
degerleri incelendiginde ise L* degeri 42.66, a* degeri 21.66, b* degeri de ortalama 19.61 olarak tespit edilmistir.
Manda etlerinin yag asitleri bilesimi incelendiginde ise hakim (major) yag asitinin C18:0 (stearik asit) oldugu
tespit edilirken; tiim yag asitleri arasinda en az diizeyde belirlenen yag asitinin ise C18:3 (linolenik asit) oldugu
goriilmiistiir. Su ana kadar yapilan ¢alismalardan ve bizim yapmis oldugumuz ¢alismadan elde edilen sonuglar
dikkate alindiginda manda etinin iyi bir kirmiz1 et kaynagi olacag: belirtilebilir.

Anahtar kelimeler: Manda eti kalitesi, kimyasal 6zellikler, yag asitleri kompozisyonu
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1. Introduction

Animal husbandry is one of the oldest cultural activities of humankind. Long before animal husbandry, which
had only been practiced culturally, people made use of animals in different ways for many years to continue their
lives (Sahin, 2015; Mazoyer and Roudart, 2010). According to the records, animal husbandry has been an
inseparable component of traditional agriculture for centuries. In Asia, the water buffalos (Bubalus bubalis) have
played an important role in overall community development due to its contributions to milk, meat, leather and the
workforce for agricultural activities. In fact, all of their body parts, including hair and horns, have been utilized.
Buffalos have formed a part of the farmers' goods, assets and business. In addition, in some societies, they have
been regarded as a reliable “living bank” and an easy “convertible source of money” in order to serve the urgent
needs of the rural masses (Nanda and Nakao, 2003).

In recent years, water buffalo breeding has become a significant livestock activity in Turkey, and it is widely
used in family-type breeding (Cetinkaya et al., 2011). While the number of water buffalos in our country was
146,000 in 2000, buffalos humber decreased to 84,705 in 2007. However in recent years, buffalos number has
increased and it reached 185,574 in 2021 (Anonymous, 2022).

The nutritional value and taste of water buffalo meat are similar to beef. Water buffalo meat is slightly darker
red color than beef. Carcass fat is yellow-white in cattle, while it is milky white in buffalos (Soysal, 2006). Buffalo
meat contains more protein and less cholesterol in comparison to beef. In addition, the low saturated fat content
increases the preferability of water buffalo meat (Cetinkaya et al., 2011). The main appealing features of buffalo
meat are red color, reduced cholesterol and fat through low intramuscular fat, low connective tissue, high protein
content, water holding capacity, myofibrillar fragmentation index and emulsifying capacity (Kandeepan et al.,
2013; Yilmaz, 2017).

Among all types of red meat, water buffalo meat was reported to have the lowest total lipid ratio (1.37 g/100
0). Fat content of 1.0% -3.5% was observed in the meat of two-year-old male buffalo calves (Rao and Kowale,
1991). The poor tallow in buffalo meat causes relatively low fat content. Water buffalo meat contains less saturated
fat than beef. The energy value of water buffalo meat was found to be 57.22% lower than beef. Low cholesterol
content and energy value of buffalo meat (6.8 Kcal/g dry matter) was also reported by Anjaneyulu et al. (2007).
Palmitic, stearic, oleic and linoleic acids were reported to be the predominant fatty acids in water buffalo meat
phospholipids (Rao and Kowale, 1991). It was also reported that buffalo calves had the most appropriate (n-6)/(n-
3) ratio (7.00) compared to beef calves and buffalo cows (Dimov et al., 2012).

Spangero et al. (2004) reported that water buffalo meat was redder and softer than beef. Infascelli et al. (2004)
indicated that buffalo meat had lower saturated and higher monounsaturated and polyunsaturated fatty acids
comparing to beef. In another study, it was reported that consumption of water buffalo meat contributed to a lower
cardiovascular risk profile and had a number of positive effects on health (Giordano et al., 2010). For this reason,
studies on the quality features of water buffalo meat can contribute to consumer preference and price improvement
of this type of meat.

On the other hand, studies not only on the water buffalo meat but also on the use of various vegetable oil
sources, which are obtained by cold press technique, contain substances rich in essential fatty acids and bioactive
substances, do not cause quality losses due to not adding animal fat and do not cause harmful effects on
cardiovascular health, in meat products instead of using animal fat, which is stated to increase the risk of
cardiovascular diseases due to the cholesterol they contain, have also been conducted to a considerable extent
(Gecgel et al., 2016), and are still continuing to be conducted.

In determining the quality and quantity of buffalo meat, various factors such as the breed, age, diet,
management and welfare of animals as well as environmental conditions are effective (Awan et al., 2014). Studies
carried out on the subject show that water buffalo meat is leaner and contains less saturated fat, more protein (11%),
less fat (12%), more minerals (10%), less cholesterol (40%) and less calories (55%) compared to beef (Nanda and
Nakao, 2003; Borghese, 2010). These results show that buffalo meat is a good source of red meat for those with
heart and circulatory system diseases (Kucukkebapci, 2005).

Increasing global demands are forcing the production of economically feasible, high quality and healthier meat
and meat products, and forcing to search for an alternative source of meat animal to feed the growing population.
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In this study, it is aimed to inform water buffalo breeders and consumers by examining the quality, chemical
composition and fatty acid content of buffalo meat, which occupies an important position in the meat industry.

2. Material and Method

20 Anatolian water buffalos, of which 13 (65%) were female and 7 (35%) were male, stocked at the same age
and slaughtered when necessary with a carcass weight of 214.00 to 377.40 kg constitute the material of this study.
Within the scope of the study, samples were taken from the Musculus longissimus dorsi (MLD) muscle of 20
buffalos slaughtered in Catalca district of Istanbul province and brought to the laboratory as soon as possible under
cold chain conditions in order to perform analyses. The samples were kept at -18 °C until the analyses were
completed.

Analyses of moisture content (%), protein content (Kjeldahl method) (%), fat content (%), ash content (%) and
pH value of buffalo meat samples were carried out according to AOAC (1990). In order to determine the Hunter
L*, a*, b* colour scales, DP-900 D25-A colorimeter (Hunter Lab Associates, Reston, VA, USA) was used
(Marrone et al., 2020). The aw values of the samples were identified using a Novasina water activity measuring
device (Gabriel, 2008).

For fatty acid analysis, the samples kept at -18 °C were melted at +4 °C, and oil extraction was carried out with
chloroform: methanol. Afterwards, fatty acid methyl esters were formed from the obtained extract. Methyl esters
were prepared according to the method in ITUPAC (Anonymous, 1987). In order to determine the fatty acid
composition, Shimadzu GC-2010 Plus gas chromatography and DB-23 column (60 m x 0.25 mm and 0.25 p film
thickness) (J&W) were utilized. Helium was used as the carrier gas with a flow rate of 0.1 ml/min. The split ratio
was set to be 1:80 and the operating temperatures were set to 230 °C for the injection block, 190 °C for the column
and 240 °C for the detector.

Statistical analyses were carried out with SPSS (Statistical Package for Social Sciences) Version 21.0 package
program. Mean value, standard deviation and percentage distributions were given as descriptive statistics.
Kolomogorov-Smirnov test was applied to find out whether or not the data had a normal distribution. As a result
of the related test, the data was found to not have a normal distribution, and as a consequence, non-parametric
statistical analysis methods were used. Mann Whitney U test was applied to determine whether there was a
difference between parameters according to gender, whereas Spearman's correlation analysis was applied to see
the relationship between weight and parameters. The results were evaluated at 95% (p<0.05) significance level
(Diizgiines et al., 1987).

3. Results and Discussion
3.1. Physicochemical properties of water buffalo meat

The results of the physicochemical properties of the meat samples are presented in Table 1. Accordingly, the
average moisture content, aw value, pH, ash content, and protein and fat ratio of buffalo meat samples were found
as 65.60%, 0.9973, 5.71, 2.64%, 22.28% and 8.65%, respectively.

3.2. Colour, aw and pH values of water buffalo meat

The average L* value (brightness) of the water buffalo meat samples was found to be 42.66 whereas a* (redness
and greenness) and b* value (yellow and blueness) were 21.66 and 19.61, respectively. These values were found
to be higher than those reported by Gecgel et al. (2019). The different results were more likely to the diet
differences, welfare, and management of the animals, as well as the slaughtering conditions.

The water activity (aw) values of water buffalo meat samples were between 0.9919 and 0.9999, and the average
water activity value was found to be 0.9973 (Table 1). The pH values of the buffalo meat samples were between
5.34 and 5.97, and the average pH was found to be 5.71 (Table 1). Faustman et al. (2010) reported that the average
pH value of water buffalo meat was 5.56 and the average pH value of beef was 5.47. Consequently, the pH values
were higher than those (5.03 to 5.46) obtained by Geggel et al. (2019) in their study on water buffalo meat.

3.3. Moisture, ash, protein and fat values of water buffalo meat sample

The moisture content of water buffalo meat samples were varied between 57.57 and 70.05% (Table 1). The
results of the variance analysis are presented in Table 1. Ugurlutepe (2017) reported that the moisture contents of
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Anatolian water buffalo meat samples with low, medium, and high weight were found to be 75.23%, 74.30%, and
74.02%, respectively. The values obtained in this study are lower than the values obtained by Ugurlutepe (2017)
whereas they are similar with the values obtained by Geggel et al. (2019).

The protein ratio of water buffalo meat samples varied between 19.48 and 24.56% and the average protein ratio
was found to be 22.58% (Table 1). In a study conducted by Infascelli et al. (2005) on water buffalos and Marchigian
bulls, the protein ratio of water buffalo meat was reported to be 21.40%, while it was reported to be 22% in
Marchigian bull meat. Fonseca et al. (2005) found the protein ratio as 20.52% in their study conducted on Murrah
female buffalos. In another study, Malek et al. (2009) reported that the protein ratio of buffalo meat in Bangladesh
was 20.90%. Faustman et al. (2010) found the protein ratio of buffalo meat to be 20.39% in their study. In another
study conducted on water buffalo meat, the protein ratio was reported to be ranged between 15.12% and 17.65%
(Geggel et al., 2019).

The fat content values of water buffalo meat samples varied between 3.94 and 15.68%, and its average value
was found to be 8.65%. The fattiness of water buffalo meat varies based on the diet, breed, and regions where the
meat is obtained. The results of variance analysis are presented in Table 1.

Table 1. Physicochemical analysis results of buffalo meat

(Colour) Water . .
Sample L* - b* Tt pH  Moisture(%) Protein(%) Fat(%) Ash(%o)
1 47.00* 13.66Y 18.43" () 9os56 5.86 355 2151 12.60° 2.27b
2 32.27% 25.6° 18.68" (9931 5.66 261 2377 9.66° 3.49°
3 42.04° 2411 21.38% (9995 5.61 62.59C 22.87a 12.07° 2.25b
4 42.91° 2213 21.03* (9996 5.65 66.5b 2459 4.38° 3.01°
5 40.36° 22.83* 18.62° (goug 579 6845 21.92" 7229 303°
6 40.86° 19.03" 17.93° (9980 5.87 577 19.48" 9.69° 260
7 42.94> 2253 20.21* (9950 5.62 67.76b 22_28a 5.24° 3.07"
8 47.088 2092 20.31° (9927 575 6159 21.15 11.93° 254"
9 48.86° 23.27¢ 21.90° (9919 558 5757 24.23" 14260 226"
10 4489 21.04° 20.32° (9980 570 gg13° 21.23" 853 g5
11 43.83° 17.76° 17.39° (9999 579 145 196 1568 241"
12 451 2047 20.09* (9988 5.64 70.06 21.83 3.94¢ 318"
13 40.94° 17.65° 17.66° (9977 534 736 99 15" 496 270"
14 42.44° 2303 20.43* (9999 579 64.77 21.92" 9.16° .46
15 37.35° 26.47% 19.26° (9999 579 6763 2167 504 g7
16 42.19° 25.14% 20.92° (9985 597 62.14° 23.38" 8.87° 35
17 46.91* 20.93® 19.81* (9972 5.69 66.73b 2336 4.99° 2_65b
18 48212 20.84" 20.72* (9968 576 6626 23.41" 588° 259’
19 38.96° 22.31° 1850° (gog9 568 6584° 20.89° 11726 1.47°
20 38.13° 2357 18.67° (9999 575 6429 2456 7290 597

Means within the same column with different superscripts are significantly different (p<0.05)

3.4. Fatty acid components (%) of water buffalo meat

Average fatty acid ratios in water buffalo meat are shown in Table 2. Accordingly, the highest ratio is stearic
acid (C18:0) (30.31%) while the lowest ratio is alpha-linolenic acid (C18:3-n3) (0.01%). The fatty acids in red
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meat are usually medium and long chain, and consist of approximately 40% saturated, 40% mono-unsaturated,
and 2 to 25% poly-unsaturated fatty acids. They are mostly expressed by the length of the carbon chains and the
number of double bonds. Oleic acid (C18:1 cis-9), which is the major fatty acid in all types of meat has a ratio of
more than 30% among total fatty acids (Chow, 2007).

The fatty acid composition has a significant role in defining meat quality and is often associated with meat
flavour as well as nutritional values (Yarali et al., 2014). Examining the fatty acid profile in water buffalo meat
samples, palmitic acid (C16:0) is the most abundant saturated fatty acid, followed by stearic acid (C18:0) and
myristic acid (C14:0) (Table 2). The ratio between n-6 and n-3, which are polyunsaturated (PUFA) fatty acids, is
an index mostly used to identify the nutritional value of fats (Santos-Silva et al., 2002). The Health Organization
Department recommended that the n-6/n-3 ratio should not exceed 4.0 (Anonymous, 1994). The ratio between n-
6 and n-3 PUFA was found to be 15 in water buffalo meat. PUFA:SFA (P:S) ratio is another index used in terms
of nutrition and its recommended value in diet is between 0.40 and 0.45 (Anonymous, 1994). Whereas the ratio
found in this study is 0.77, which is significantly higher than the recommended level.

Table 2: Fatty acid composition of buffalo meat (%)

o o — o — o = &g o~ ™
Sample 3 S = 5 5 3 3 s S S
O O O @) @) O ©) O O O
1 2.03 27.72 0.49 1.16 - 32.3 1.88 32.29 2.13 -
2 1.40 22.06 1.32 1.29 0.32 30.03 2.00 39.53 2.05 -
3 1.73 23.62 1.75 1.12 0.63 22.95 - 45.81 1.90 0.49
4 151 20.76 1.66 1.27 0.37 29.58 1.66 41.28 1.91 -
5 1.99 24.36 1.71 1.31 0.37 25.97 1.74 40.86 1.69 -
6 2.39 20.4 5.35 1.52 1.32 31.90 2.27 32.54 2.31 -
7 2.63 24.78 2.18 1.20 - 28.62 1.98 35.00 2.51 1.10
8 1.95 24.45 1.59 1.28 - 32.25 1.35 35.53 1.60 -
9 221 29.09 1.62 0.87 - 22.20 0.51 42.96 - -
10 191 24.01 2.27 1.16 0.37 25.09 1.21 42.38 1.60 -
11 1.56 22.45 1.38 1.24 - 29.67 0.60 41.24 1.86 -
12 2.09 25.08 1.02 1.23 - 33.81 - 34.82 1.95 -
13 1.92 24.22 0.80 1.41 - 33.04 - 35.85 191 0.88
14 2.15 29.17 0.82 1.14 - 32.58 0.61 32.20 1.33 -
15 - 29.25 - - - 22.64 - 48.11 - -
16 - 27.45 - - - 35.38 - 33.85 3.32 -
17 - 28.76 - - - 35.34 - 35.90 - -
18 1.48 22.97 2.61 1.30 - 26.87 0.93 41.41 243 -
19 144 22.86 0.74 1.48 - 40.48 2.27 28.76 1.97 -
20 - 24.93 - - - 35.61 - 35.98 3.48 -
Kort 1.52 23.94 2.37 0.12 0.17 30.32 0.95 37.81 1.80 0.12

Ss(x) 084282 6.10400 5.46716 0.53012 0.33183 4.90992 0.87 506 0.93412 0.30746

The main fatty acids are found as oleic acid (C18:1) followed by stearic acid (C18:0), palmitic acid (C16:0),
palmitoleic acid (C16:1), and linoleic acid (C18: 2), respectively. These fatty acids constitute approximately 95 to
96% of the total fatty acids. C18:1 C18:0 and C16:0 were found as 32.20-48.11%, 22.95-40.48%, and 20.40-
29.17%, respectively. Our findings are similar to the values reported by Giuffrida-Mendoza et al. (2015) and
Geggel et al. (2019). The differences in fatty acid composition may vary according to the differences in diet, age
and muscle structure of the animals. When the fatty acid composition of the butter made using water buffalo milk
was examined by Eser and Inanc (2022), the fatty acids of C16:0 (36.07%), C18:1 (24.19%), C18:0 (9.30%), C14:0
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(8.98%) and C4:0 (3.80%) were detected to be at high rates while other fatty acids were found to be at quite low
rates.

3.5. Comparison of physicochemical properties of water buffalos based on gender and weight

It was observed that moisture content (%), protein ratio (%), pH value as well as L* and a* values of the male
buffalo meat samples were slightly higher than the female buffalos whereas the b* value was lower. There was no
significant gender-related difference in terms of related parameters (p>0.05) (Table 3). Kandeepan et al. (2009)
reported that normal values for pH in water buffalo meat ranged from 5.4 to 5.6. In this study, it is possible to state
that the pH values of male and female Anatolian water buffalos are at acceptable rates.

The water activity (aw) value of the buffalo meat samples was found to be between 0.9919 and 0.9999 with an
average of 0.9973. The average value of the a, was very close to each other in terms of both genders. While the
ash content of the male buffalo meat samples was lower than that of female buffalo meat samples, the difference
between the groups was not significant (p>0.05).

It was found that C14:0 and C16:1 ratios of the female buffalo meat samples were significantly higher than the
male buffalo meat samples while C18:0 and C18:2n6c¢ ratios were significantly lower (p<0.05) (Table 3). Most of
the previous studies compared carcass fattiness of male and female cattle slaughtered at similar ages (W¢glarz,
2010; Daza et al., 2014) reported that females have higher carcas fattiness than males. In a study, it is reported that
gender does not have a significant effect on fatty acids (Ekiz et al., 2018). As in this study, Zhang et al. (2010)
detected higher rates of myristic acid in male Qinchuan cattle than in females. In many studies, it is found that
males have lower intramuscular fat content and higher polyunsaturated fatty acids (PUFA) than females
slaughtered at similar age. Hoffman et al. (2005) identified higher rates in males compared to females in terms of
PUFA. Hollo et al. (2001) reported that PUFAs were found in higher ratios in male animals than in females except
for C20:3 n-6. and the amount of individual saturated fatty acids (SFA) was similar in both genders.

Table 3. Comparison of physicochemical properties of buffalo meats by gender

Characteristics Gender p
Female Male
L* 43.04+3.01 41.95+5.86 721
a* 21.63+2.52 21.72+4.01 .663
b* 19.73+1.44 19.39+1.08 .606
aw 0.997+0.01 0.997+0.01 .691
pH 5.68+0.13 5.76+0.11 301
Moisture (%) 65.35+3.58 66.05+3.70 .843
Protein (%) 21.91+1.47 22.98+1.29 191
Fat (%) 8.62+3.931 8.71+2.85 956
Ash (%) 2.71+0.31 2.53+0.62 501
C:14:.0 1.85+0.63 0.90+0.87 .009
C:16:0 23.22+7.33 25.254+2.72 .905
C:16:1 3.24+6.66 0.73+0.96 .039
C:17:0 1.13+0.37 0.74+0.70 578
C:17:1 0.23+0.39 0.04+0.12 .187
C:18:0 28.48+4.24 33.71+4.41 .019
C:18n9t 0.79+0.83 1.424+0.94 143
C:18:1n9c 39.12+5.11 35.39+4.28 .296
C:18:2n6¢ 1.58+0.76 2.19+1.14 .035
C:18:3n6 0.17+0.37 0.00£0.00 181
C:18:3n3 0.01+0.06 0.00+0.00 463
C:22:1n9 0.04+0.14 0.00+0.00 463

No significant relationship was observed between the weight of buffalos and the average L*, a* and b* values
(p>0.05) (Table 4). In other words, the weight of the buffalos was not found to be an effective factor on the colour
values. In addition, a negative relationship was observed between the weight of buffalos and the moisture content.
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However, this relationship was not significant (p>0.05). In addition, as a result of the statistical analysis, no
significant relationship was observed between the weight of water buffalos and aw, and between the weight of
water buffalos and the pH value of buffalo meat (p>0.05).

Table 4. The relationship between the weight of buffalo and the characteristics of buffalo meat

Characteristics Weight
r -114
L p .631
a r .230
p .329
b r -.104
p .663
. r -.215
Moisture b 363
aw r .106
p .657
r .316
pH p 175
r -.343
Ash o 139
Protein ' 217
p .359
r 183
Fat b 439
4 r -.616™
C:14:0 o 004
r 176
C:16:0 0 458
r -.557"
C:16:1 - o1l
r -.285
C:17:0 o 293
o r -.416
C:17:1 o 068
ol r .353
C:18:0 o 126
r 170
C:18:1n9t o 474
r -.211
C:18:1n9c o 379
r .218
C:18:2n6¢ o 355
e, r -.184
C:18:3n6 o 438
Q- r -.020
C:18:3n3 o 934
r -.139
C:22:1n9 o 558

A negative but insignificant relationship was observed between the weight of buffalos and the ash content of
buffalo meat (p>0.05) (Table 4). In addition, as a result of the statistical analysis, no significant relationship was
found between the weight of buffalos and the protein ratio of buffalo meat (p>0.05) (Table 4). In a study conducted
by Infascelli et al. (2005) on water buffalos and Marchigian bulls, the protein ratio of water buffalo meat was
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reported to be 21.40% while it was reported to be 22% in Marchigian bull meat. Fonseca et al. (2005) found the
protein ratio as 20.52% in their study conducted on Murrah female buffalos. In another study carried out by Malek
et al. (2009) in Bangladesh, it was reported that the protein ratio of buffalo meat was 20.90%. Faustman et al.
(2010) found the protein ratio of buffalo meat to be 20.39% in their study. In a study conducted by Ugurlutepe
(2017), it was reported that the protein ratio in meat increased as the increase in the weight of buffalos. However,
this increase was not significant. Ito et al. (2010) found the protein ratio in Puruna bulls, which were slaughtered
at 465.1 kg and 469 kg live weight, to be 22.7% and 22.7%, respectively. In a study conducted by Dimov et al.
(2012), it was reported that the protein ratio of young buffalo calves slaughtered at 450 kg live weight was lower
than of buffalos slaughtered at 580 to 600 kg live weight.

It was found that a statistically significant (p<0.05) negative but highly strong (r = -.616) relationship was
observed between water buffalo weight and C16:1 while negative but moderately strong (r = -.557) relationship
was observed between water buffalo weight and C14:0 (Table4). In other words, as the weight of water buffalos
increases, the ratios of C14:0 and C16:1 decrease significantly. In a study conducted by Ugurlutepe (2017), it was
reported that C16:0 and C18:0 fatty acids among the saturated fatty acids were at the highest level in buffalos with
low, medium, and high carcass weight.

4, Conclusion

In terms of protein, fat and fatty acids, it was found that the buffalo meat samples had important components
for human nutrition. It was observed that gender was important in terms of C14:0, C16:1, C18:0 and C18:2 (n6)
fatty acids in the buffalo meat samples examined while live weight was effective on the fatty acids of C14:0 and
C16:1. Gender and live weight were not found to be effective in terms of other examined values.

The rapid increase occurring in the world population leads consumers to different protein sources. We are
rapidly advancing towards a period in which cultivated animals bred in the traditional style will be much more
important in the future. In this sense, the analyzed buffalo meat samples components in a sufficient and balanced,
which are important for consumer’s way. Depending on the improvements in people's living standards and
education levels, some changes also occur in their consumption habits. Nowadays, humans who have become more
conscious about balanced and healthy diets are making efforts in this direction. Considering the results obtained
from the studies, it is seen that buffalo meat is very beneficial in terms of nutrition. Taking the findings obtained
from previous studies and our study into consideration, it can be said that water buffalo meat is a good source of
red meat.
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Effect of Olive Leaves Hydroalcoholic Extract (Olea Europaea L.) and LactoFeed®
probiotics on Induced Ascites in Male Broilers

Ebrahim TALEBI", Marjan HAGHIGHAT-JAHROMI?
Abstract

The incidence of disease and damage will increase, if environmental control and acceptable management practices
are not provided during the rearing period. Ascites affect young broilers with rapid growth, and the most critical
factor in causing ascites syndrome is the lack of oxygen in body tissues (hypoxia). This research aimed to
investigate the effect of olive leaves hydroalcoholic extract and probiotics (LactoFeed) on experimental ascites
caused by levothyroxine in male broiler chickens. The present study was an interventional type, and for its
implementation, a single-factor design was used in eight groups with 3 replicates. Data were analyzed based on a
one-way analysis of variance. Blood parameters of male chickens were measured after 42 days. Biochemical
factors of the blood serum of broilers included AST, ALT, ALT, TSHT, T, T3, Glucose, Cholesterol, Triglyceride,
Urea, Uric acid, TP, Albumin, and Globulin. AST, ALT, and ALP levels in the induced ascites group increased
by 1.16, 1.35, and 1.16 times, respectively. When the chickens had induced ascites, the levels of all three hormones
in the blood serum of broiler chickens increased significantly (P<0.01). AST showed a positive and significant
correlation with ALT, T4, and T3 (0.76, 0.71, and 0.75, respectively). But there was a very significant negative
correlation between TP (-0.86) and albumin (-0.84). T4 had a positive and significant correlation with T3, glucose,
cholesterol, TG, and urea. The olive extract had a positive effect on induced ascites and improved poultry
performance. Probiotics, also, had a positive effect on the treatment of birds induced ascites.
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1. Introduction

Extensive genetic selection for growth, meat production, and more acceptable feed conversion ratio has led to
many physiological modifications (Willems et al., 2013; Zerjal et al., 2021; Esen et al., 2022). One of these changes
is the increased incidence of metabolic diseases such as ascites. Ascites occur in unfavorable environmental
conditions and unbalanced nutrition (Hossain and Akter, 2022). This complication emerges when there is an
imbalance between the amount of available oxygen and the need for oxygen (hypoxia) (Nasrollahi et al., 2016; Li
etal., 2022) and through the accumulation of fluid in the ventricular region of the abdomen driven by events related
to the need to supply high amounts of oxygen to the tissue (Gamero et al., 2021). Ascites are more typical in fast-
growing male broilers reared at high altitudes and are slightly affected by cold stress (Ozkan et al., 2010). However,
infectious agents such as Aspergillosis, E. coli, and bronchitis virus also induce ascites syndrome (Julian, 2000),
which is known as a complication of right ventricular dysfunction (Martinez et al., 2021).

Before the bird shows clear symptoms of ascites, which include increased pulmonary blood pressure,
pericardial fluid retention, hypertrophy, and dilation of the heart, especially the right ventricle, specific blood, and
anatomical changes occur in the body (Hossain and Akter, 2022; Li et al., 2022). Hematocrit, hemoglobin, and red
blood cell count are significantly increased in birds with ascites (Luger et al., 2003; Li et al., 2022). The lack of
oxygen in birds stimulates the kidneys to produce erythropoietin, which stimulates the production of red blood
cells in the bone marrow. This leads to an increase in hematocrit, which leads to an increase in blood viscosity
(Hossain and Akter, 2022). In some special conditions, such as when there is a lack of oxygen, increasing the
activity of thyroid and metabolic hormones, as well as reducing the amount of cellular antioxidants, the portion of
radical’s production increases greatly (Ma et al., 2004). Finally, free radicals and other active oxygen particles,
due to the peroxidation of fat molecules in cell membranes and important organelles inside the cells of vital body
tissues cause the destruction of their membranes and the leakage of fluids outside the cells (Khosravinezhad et al.,
2017). Therefore, the change in the antioxidant status of broiler chickens during the development of ascites,
characterized by an increase in free radical markers in the damaged tissue, indicates oxidative stress during ascites
(Georgieva et al., 2006).

Probiotics are one of the products used in poultry feeding. They are living microorganisms that have many
beneficial effects on the microbial population of the gastrointestinal tract and the health of the host. Any change
in the microbial flora pattern of the digestive system leads to an increase in the costs related to energy and protein
consumption and ultimately increases the bird's oxygen demand (Zheng et al., 2020). Therefore, paying attention
to creating a suitable pattern of flora in the digestive system can be effective in reducing the complications related
to ascites by improving the immune system and reducing the costs related to oxygen supply (Shimizu et al., 2013).
Today, it is known that probiotics, in addition to positive effects on the functioning of the digestive system, such
as improving the digestion and absorption of food, and essential minerals, as well as preventing disorders and
diseases of the digestive system, reduce symptoms and improve the treatment process of metabolic diseases
(Ohashi and Ushida, 2009).

Medicinal plant extracts and essential oils are also used to prevent and help recover birds suffering from ascites.
Different parts of medicinal plants are used to stimulate growth, improve immunity, increase digestibility, and
prevent and treat diseases in poultry feeding. Among the plants used, we can mention olive tree leaves. Olive
leaves contain phenolic compounds, terpenes, fat-soluble compounds, carbohydrates, proteins, minerals, etc.
(Pereira et al., 2020). They have the highest antioxidant activity and free radical scavenging power among different
parts of the olive tree (El and Karakaya, 2009). It has been found that its antioxidant capacity is approximately
twice that of green tea and 2.5 times that of vitamin C (Roshanak et al., 2016) and Oleuropein is the most important
phenolic compound in olive leaves, which has the capacity of radical adsorption of oxygen ten times as much as
green tea with antioxidant and antimicrobial properties (Hayes et al., 2011). This compound has several
pharmacological properties, including antioxidant, anti-inflammatory, anti-atherogenic, antimicrobial, and
antiviral properties (Omar, 2010).

Due to the limited scientific resources related to the comparison of plant essential oils and the effect of
probiotics on ascites, this experiment was performed to investigate the effect of the hydroalcoholic olive extract
with probiotics (LactoFeed) on experimental levothyroxine-induced ascites in male broilers.
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2. Materials and Methods

Olive leaves were harvested in May 2022. The leaves were identified after being collected at the Medicinal Plants
Research Center of Darab Branch, Islamic Azad University. Then they were weighed, washed with distilled water to
remove contamination, and spread in the shade. The dried leaves were ground and mixed with 70% ethanol at 40°C.
The obtained extract was concentrated with Whatman No. 1 paper and a rotary evaporator (IKA Model RV Basic 05)
at 40°C and dried with a freeze dryer (Operon Model FDB 5503). The obtained hydroalcoholic extract was stored away
from light at a temperature of 4 °C.

The phenolic amount in the extract was measured by the Folin-Siocalto method and was expressed as mg equivalent
of tannic acid per gram of olive leaf extract (Shishehbor et al., 2021; Sahin et al., 2022). Then, different concentrations
(50-1000 ppm) were prepared using dried powder, and their antioxidant activity was determined by DPPH and
compared with synthetic antioxidants BHA and BHT (Afacan et al., 2014). The net oxidative activity diagram of the
extract against the amount of phenolic compounds was determined through Excel and linear equations.

The current experiment was performed at the Darab Branch, Islamic Azad University, Darab, Fars, Iran. In this
study, 240 one-day-old male broilers of Ross 308 with an average weight of 47.30+5.00 g were randomly divided into
eight experimental groups with three replicates and ten chicks per replication (cage) in a completely randomized design
(CRD). Each group had a 4-liter bowl and a separate dining tray.

The experimental treatments included 1) Basal diet (BD), 2) BD+OLE (Olive leaves extract), 3) BD+probiotics, 4)
BD+OLE+probiotics 5) Induced ascites+BD, 6) Induced ascites +BD+OLE, 7) Induced ascites+BD+probiotics, 8)
Induced ascites+BD+OLE+probiotics. Levothyroxine (a thyroid hormone) was used to induce ascites at a dose of 45
ppm. The concentration of olive leaf extract (OLE) was 150 ppm, and probiotics for ages up to 21 days old and from
the age of 21 days to the end (LactoFeed) was 200 and 100 mg/kg, respectively. LactoFeed contained various lactic
acid bacteria such as Lactobacillus acidophilus, Lactobacillus casei, Bifidobacterium thermophilum, and Enterococcus
faecium, which are natural microorganisms found in the digestive system of poultry. A based corn-soybean meal diet
was formulated according to Ross 308 requirements for starter (1 to 10 days), grower (11 to 24 days), and finisher
periods (25 to 42 days) by UFFDA software (Table 1). In all experimental diets, energy, protein, and amino acids were
provided at the same level. During the experiment, the light regime was 23 hours and one hour of darkness. The feed
was monitored several times during the day and provided to the chickens properly with appropriate drinking water (ad
libitum).

Table 1. Nutrient contents of basal diet

Feed ingredients 1 to 10 days 11 to 24 days 25 to 42 days
Corn grain 52.55 53.05 54.12
Soybean meal 34.00 34.67 34.86
Corn gluten 5.63 3.00 1.50
Limestone 1.32 1.08 1.04
Dicalcium phosphate 1.76 1.55 1.40
Salt 0.36 0.47 0.42
Threonine 0.10 0.06 0.00
L- Lysine 0.42 0.20 0.00
DL- Methionine 0.32 0.25 0.19
Corn oil lacks antioxidants 3.04 5.17 5.97
Vitamins Mineral premixes® 0.50 0.50 0.50
Nutrient composition

Metabolizable energy (kcal/kg) 3025 3150 3200
Crude protein (%) 23.52 22.00 21.00
Ca (%) 1.05 0.90 0.85
P av. (%) 0.50 0.45 0.42
Methionine + Cystine (%) 1.07 0.95 0.86
Methionine (%) 0.71 0.60 0.53
Lysine (%) 1.44 1.25 1.09
Na (%) 0.16 0.20 0.18

*Each kilogram of diet containing vitamin A, 11,000 1U; Vitamin D (Cholecalciferol), 2300 IU; Vitamin E, 121 1U; Vitamin K, 2 mg; Vitamin By,
0.02 mg; Thiamine, 4 mg; Riboflavin; 4 mg; Folic acid, 1 mg; Biotin, 0.03, mg; Pyridoxine 4 mg; Choline chloride, 840 mg; Ethoxyquin, 125 mg;
Manganese sulfate, 100 mg; Selenium (sodium selenate), 0.2 mg; lodine, 1 mg; Copper sulfate, 100 mg; Iron is 50 mg.
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At the end of the experiment, two chickens with a weight close to the average of each pen were selected, and
approximately 8 ml of blood was taken from each chicken and poured into two test tubes, one containing anticoagulant
and the other a simple test tube. The test tubes were stored at a temperature of about 2-4 ° C and transferred to the
laboratory in less than 30 minutes, where they were placed in a centrifuge at 3000 rpm for 10 minutes to separate the
serum. Samples containing anticoagulants for measuring hemoglobin and hematocrit. The isolated serum samples were
kept until the measurement of blood parameters in the freezer at -20 ° C. The dependent variables of blood parameters
were included AST, ALT, ALP, TSH, T4, T3, glucose, cholesterol, triglyceride, urea, uric acid, total protein, albumin,
globulin, RBC, HTC, and body weight, which measured through standard Kits (Pars Azmun, Iran) and a weight scale.
The mentioned parameters of blood serum were measured by the standard Kits using a spectrophotometer.

The experimental design was a completely randomized design (CRD) and the statistical model of the design was as
follows:

Yij: The observed value, p: Mean, Ti: treatment effect, e;;: Effect of experimental error

Blood serum enzymes, thyroid hormones, biochemical parameters, RBC, HTC, and body weight were measured
based on IU/L, ng/ml, mg/dl, 10%/pl, percent, and kilogram, respectively. First, the normality of the data was tested
through Kolmogorov-Smirnov. The data expressed as a percentage and ratio were first corrected and then subjected to
statistical analysis. All statistical analysis were performed using SAS statistical software (version 9.1) with GLM proc
and post-hoc Tukey’s range test was used to compare the means at the significance level of 0.05.

3. Results and Discussion

The phenolic compounds and DPPH radical inhibition in olive leaf extract was recorded 164.34+0.35 (mg/gram)
and 144.35+0.55 (ug/ml), respectively.

The results of statistical analysis comparing the average of AST, ALT, and ALP enzymes are presented in Table
2. The highest concentration of all three enzymes was recorded in ascites chickens (P<0.001). The levels of AST, ALT,
and ALP in the induced ascites group increased by 1.16, 1.35, and 1.16 times, respectively, compared to the control
group, which showed the highest amount of enzymes compared to other treatments (p<0.001). The induced ascites
group that consumed probiotics exhibited the lowest ratio of all three enzymes compared to the group of ascites
chickens without treatment. This finding showed the positive effect of probiotic consumption on liver function in
chickens with ascites.

Table 2. Comparison between the mean of different enzymes in broiler serum under experimental conditions

Treatment AST (IU/L) ALT (1U/L) ALP (1U/L)
1 20.43+0.49° 15.7+0.40¢ 88.33+3.06¢
2 23.68+1.47% 17.72+0.54¢% 94.00+1.00b°
3 21.1+1.10° 16.37+0.459 92.33+4.16%¢
4 22.83+0.76% 20.50+0.44bc 89.00-1.00%
5 23.74+0.98% 21.20+1.65° 102.67+2.522
6 22.00:+0.872% 22.23+1.26° 101.67+1.538bc
7 22.13+0.42% 16.89+0.30¢ 98.00=+1.0020¢
8 25.10+1.052 25.4+1.102 96.67+0.58%
P-value <0.001 <0.001 <0.001

. Control, 2 OLE: Olive leaf extract, 3: Probiotic, . OLE+probiotics, ®: Induced ascites, °: Induced
ascites+tOLE, 7: Induced ascites+probiotics, & Induced ascites+probiotics+OLE, AST: Aspartate
transaminase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, IU/L: International Unit per Liter,
&4 The means with different letters in each column have a significant difference

The occurrence of necrosis or damage to the cell membrane causes the release of AST, ALP, and ALT enzymes
into the blood circulation. In the present study, in the group of induced ascites with probiotics, the amount of liver
function index enzymes had a significant decrease and showed that probiotics have the most positive effect on liver
function in induced ascites and then Olive has a significant positive effect on liver function in induced ascites but less
than probiotics. Research showed that probiotics have a positive effect on liver enzymes and improve damaged liver
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tissue (Hossain and Akter, 2022; Li et al., 2022). The amount of total fatty acid in the liver decreases due to the
consumption of probiotics and they reduce the serum level of ALT. These effects have been associated with a decrease
in the activity of TNF-regulated stress kinases. In this study, the serum levels of these enzymes did not increase,
especially during the consumption of probiotics, which indicates the absence of liver damage under heat stress due to
the consumption of probiotics and the interaction of probiotics and prebiotics. It has been determined that probiotics
perform this action through the production of butyric acid and hydrogen, which probably have a stimulating role in the
production of antioxidants and the destruction of free radicals (Pereira et al., 2020).

Oleuropein is the most important phenolic compound of OLE and a substance with strong antioxidant and
antimicrobial properties. This compound is rarely found in free form in nature. Antioxidant compounds from plant
sources are known as oxygen or free radical absorbers. Some molecules, including flavonoids and phenolic compounds,
are responsible for the antioxidant properties of natural plant extracts. Flavonoids have a strong antioxidant capacity to
inhibit free radicals and end oxidative reactions. Today, the use of plants as an alternative to antibiotics as growth
promoters has increased and in poultry feed, various compounds have been studied as alternatives to antibiotics as
growth promoters in the production of broiler chickens (El and Karakaya, 2009).

Induced ascites chickens and induced ascites chickens that consumed probiotics and OLE demonstrated the
highest levels of serum TSH, T4, and T3 hormones (Table 3). When the chickens suffered from induced ascites,
the level of all three hormones in the blood serum of broiler chickens increased significantly (P<0.01). The
treatments with OLE were able to significantly decrease TSH, T4, and T3 levels compared to other groups.

Table 3 Comparison between means of Thyroid hormone under experimental conditions

Treatment TSH (ng/ml) Ta(ng/ml) T3 (ng/ml)

1 26.10+1.61° 7.17£1.05¢ 1.47+0.21¢
2 28.77+1.27° 7.57+0.26" 1.63£0.31¢
3 30.07+1.128 8.08+0.36" 1.90+0.212¢
4 27.03+1.12° 9.47+0.57% 2.13+0.25%
5 31.10+2.542 16.88+2.352 2.50+0.26%
6 29.80+£2.01° 9.43+0.25% 1.80+0.10%°
7 30.57+0.76° 11.07+0.47° 1.99+0.10%¢
8 30.83+0.352 16.37+1.452 2.67+£0.328
P-value 0.016 <0.001 <0.001

. Control, 2 OLE: Olive leaf extract, 3: Probiotic, . OLE+probiotics, ®: Induced ascites, °: Induced
ascites+OLE, 7: Induced ascites+probiotics, : Induced ascites+probiotics+OLE, TSH: Thyroid stimulating
hormone, Ta: Thyroxin, Ts: Triiodothyronine, ng/ml: Nanograms per deciliter, *¢ The means with different
letters in each column have a significant difference

Thyroid hormones increased in the group receiving OLE and the probiotic group, both individually and in
combination. So that the amount of T, and Ts in olives was significantly affected in induced ascites + OLE
compared to induced ascites. Research indicated that the plasma concentration of thyroid hormones plays an
important role in increasing the metabolism of chickens affected by ascites disease and the prevalence of ascites.
The level of thyroid hormone T3 decreased in chickens with induced ascites that received olive leaf extract (El and
Karakaya, 2009). In rats, the administration of triterpenoids isolated from olive leaves for 6 weeks at a dose of 60
mg/kg prevented the development of hypertension and severe atherosclerosis and improved insulin resistance
(Manafi et al., 2017).

This disease, also, affected the levels of glucose, cholesterol, triglyceride, urea, uric acid, TP, albumin, and
globulin. So that the levels of these biochemical factors in the blood serum of broiler chickens showed a significant
increase in chickens with induced ascites compared to other groups (p<0.001) (Table 4). The use of probiotics and
probiotics along with olive leaf extract in both healthy and induced ascites groups caused a significant decrease in
the levels of biochemical factors.

The results showed that the amount of albumin and total protein recorded a range of 1.2-1.6, and 3.3-4.2 mg/dl,
respectively. The reason for the decrease in albumin and total protein in serum can be attributed to the secretion
of high amounts of albumin and total protein in ascites fluid and the decrease in the concentration of ions in the

692



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(3)
blood serum. Some studies focused on the ineffectiveness of probiotics on serum lipids (Talebi et al., 2021).
However, in this study, the effect of probiotics on serum lipids was significant. Serum protein and albumin are
affected in chronic liver diseases and indicate liver damage (Manafi et al., 2017).

Table 4 Comparison between means of some biochemical traits under experimental conditions

Tr Glucose Cho TG Urea UA TP Al Gl
(mg/dl) (mg/dl) (mg/dl)  (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
1 242.1£10.69  128.7+8.1°  104.7+4.5° 5.3+0.2° 11.7+0.62 4.2+0.1* 1.6+0.12  1.7.12
2 243542219 147.3+5.7%  1153+5.13% 544020 10.6£0.6% 3.6£0.3% 1.5+0.1> 1.7+0.12
3 261.1+14.7%  154.4£9.5%  116.7+2.1% 5.7+0.1° 10.6x0.3% 3.7+0.28 1.5+0.1% 1.5+0.1%
4 272.7£2.3%4  161.3+14.8%  122.7#4.52 5.8+0.1" 10.6+0.5® 3.5+0.1° 1.4+0.1% 1.5+£0.1%®
5 324.3+3.80 17754578 123.742.5% 6.5+0.2%  57+4.7° 35020 12+0.1° 1.4+0.1°
6 277.4+£5.3%4  154.74£6.0® 113.320.6% 56+0.2° 9.9+02%® 37+0.1%® 1.5+0.1% 1.6+0.1%®
7 301.14£26.2%¢  1753+7.52  124.7£6.4%  5.8+0.1° 105+£0.4% 3.7+02% 1.4+0.1% 1.5+0.1%
8 321.3+2.5%  176.3£7.22 12634238 6.8£0.3%  8.1+0.1%  33x02b 1.2+0.1b 1.3x0.1P
P-value <0.001 <0.001 <0.001 <0.001 0.014 0.002 <0.001  <0.001

L Control, 2: OLE: Olive leaf extract, % Probiotic, 4: OLE+probiotics, °: Induced ascites, & Induced ascites+OLE, 7:

Induced ascites+probiotics, & Induced ascites+probiotics+OLE, TP: Total protein, (mg/dl): milligrams per decilitre, ¢

The means with different letters in each column have a significant difference, Tr: Treatment, Cho: Cholesterol, TG:

Triglyceride, UA: Uric acid, Al: Albumin, Gl: Globulin

Blood globulin concentration significantly decreased and blood glucose increased (p<0.001). These changes
are probably due to the increase in food consumption and digestibility of nutrients, glucose retention, increase in
gluconeogenesis (through conversion of amino acids to glucose) due to probiotic consumption, decrease in the
activity of metabolic enzymes, increase in glycogenolysis and gluconeogenesis. In some studies, it was shown that
the serum glucose of broiler chickens was not affected by probiotics, but in the present study, the level of glucose
in the blood serum of chickens with induced ascites that consumed probiotics decreased significantly (Manafi et
al., 2017; Talebi et al., 2021). Probiotics may cause glucose absorption through insulinotropic polypeptides and
the production of glucagon-like peptides. It was reported in the research that probiotic supplements can increase
blood serum glucose and albumin in broiler chickens (Pereira et al., 2020; Stanton et al., 2020).

Table 5 Comparison between RBC, HTC, and body weight under experimental conditions

Treatment RBC (10%pl) HTC (%) BW (kg)

1 1.82+0.11° 31.99+0.99%  3.33+0.21%
2 1.87+0.06° 31.04£1.06%  3.17+0.212
3 2.17+0.12b¢ 29.20+0.92%¢  3.03+0.342
4 2.27+0.12%¢ 29.28+0.91%¢  3.04+0.07°
5 2.54+0.21% 26.40+0.78"  1.93+0.07°
6 2.27+0.15%¢ 29.57£0.29%  2.55+0.65%
7 2.44+0.04%® 28.97+1.01%¢  2.30+0.36%
8 2.67+0.152 25.03£0.55°  1.87+0.06"
P-value <0.001 <0.001 <0.001

L: Control, 2: OLE: Olive leaf extract, %: Probiotic, 4: OLE+probiotics, °: Induced ascites, 5:
Induced ascites+OLE, ”: Induced ascites+probiotics, & Induced ascites+probiotics+OLE,
RBC: Red blood cell, HTC: Hematocrit, BW: Body weight, (10%/ul): Million/microliter, *

¢ The means with different letters in each column have a significant difference.

The intestinal microbial population is involved in the regulation of energy homeostasis and the development
of metabolic diseases and insulin resistance in the body's cells. The beneficial effects of probiotics on plasma
glucose levels may be due to changes in the microbial composition of the gastrointestinal tract, and the correction
of intestinal microflora imbalances by increasing gram-positive bacteria, improving the function of the renal
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defense barrier and its immunomodulatory effects. Improve intestinal integrity and simultaneously reduce TLR_4
(Toll-like receptor-4) messaging (Nemati et al., 2017; Li et al., 2022).

The number of RBC in chickens with induced ascites showed a significant increase, and like other measured
factors, OLE and probiotics caused its adjustment in sick chickens (p<0.001). However, no significant change in
the number of red blood cells was observed in healthy chickens with the consumption of OLE and probiotics. HTC
percentage was also affected by induced ascites. Thus, the percentage of HTC decreased in sick chickens, but it
was compensated by the use of OLE and probiotics (Table 5).

The results of the use of probiotics in the diet are very diverse, from no effect on growth indicators to increase
yield and increase product quality to promation. The groups receiving OLE and probiotics showed a positive effect
on the amount of total protein in the treatments with ascites. The amount of total protein is measured as a functional
factor of the liver. The percentage of hematocrit (HCT) in induced ascites treatment + olive showed a significant
increase compared to induce ascites treatment and showed the most positive effect. In terms of weight index, all
treatments recorded a significant increase compared to induced ascites treatment. In this study, levothyroxine
caused weight loss. Levothyroxine is a precursor of thyroid hormones, and increasing thyroid hormones in the
body increases metabolism and increases metabolic energy consumption in treatments receiving levothyroxine
(Nemati et al., 2017; Manafi et al., 2017; Li et al., 2022).

AST showed a positive and significant correlation with ALT, T4, and T3 (0.76, 0.71, and 0.75, respectively)
(p<0.05). But there was a very significant negative correlation with TP (-0.86), and Albumin (-0.84). T, had a
positive and significant correlation with T3, Glucose, Cholesterol, TG, and Urea. However, it showed a negative
correlation with other measured traits (Table 6).

Considering that the body weight in this experiment was affected by different treatments and chickens with
induced ascites recorded the lowest body weight (1.9340.07 kg), this trait had a positive and significant correlation
with HTC percentage.

Table 6 Correlation between blood parameters under experimental conditions

ALT ALP TSH T4 T3 Glu Cho TG Ur UA TP Al Glob RBC HTC BW
AST 076 041 049 071 075 062 066 072 077 -066 -086 -084 -056 060  -0.73  -0.65

* * * * * Hk Hk *

ALT 0.49 0.43 071 076 0.8 0.58 054 076 -063 -0.74 -0.71 -0.64 0.72 -0.77 -0.70
* * * * * * * *

ALP 0.82 0.62 045 0.69 0.63 041 048 -072 -042 -059 -0.51 0.61 -0.55 -0.79
*k * *

TSH 0.70 063 0.75 0.79 065 0.67 -068 -0.62 -0.70 -0.73 0.75 -0.74 -0.82
* * * * * * * **k

T4 094 095 0.83 0.74 097 -092 -0.69 -0.97 -0.91 0.89 -0.95 -0.94
*k Kk Kk * Kk **k *k *k **k **k **k

Ts 0.91 0.88 086 098 -081 -0.84 -0.95 -0.95 0.92 -0.98 -0.85
*k *k *k **k **k Kk Kk Kk **k **k **k

Glu 0.92 081 091 -083 -0.68 -0.93 -0.94 0.97 -0.93 -0.98
*k *k Kk Kk *k *k **k **k **k

Cho 09 084 -072 -0.83 -0.89 -0.90 0.94 -0.87 -0.88
**k **k * *k *k *k **k **k **k

TG 080 -059 -089 -0.85 -0.84 0.86 -0.82 -0.74
* K% K% K% *k *k *

Ur -083 -0.78 -0.96 -0.94 0.90 -0.99 -0.88
**k * *k *k **k **k **k

UA 0.64 0.89 0.75 -0.73 0.82 0.82
K% * * *k *k

TP 0.81 0.73 -0.76 0.81 0.65

*k * * *

Al 0.88 -0.87 0.94 0.90
*k **k **k **k

Glo -0.97 0.96 0.88
*k *k *k

RBC -0.94 -0.93
**k **k

HTC 0.90

*k

AST: Aspartate transaminase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, TSH: Thyroid stimulating hormone,
T4: Thyroxin, Ts: Triiodothyronine, Glu: Glucose, Cho: Cholesterol, TG: Triglyceride, Ur: Urea, UA: Uric acid , TP: Total protein,
Al: Albumin, Glo: Globulin, RBC: Red blood cell, HTC: Hematocrit, BW: Body weight, * Significant at P<0.05 ™ High
significant at P<0.01.
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The liver function index increased in induced ascites compared to the control group. Plasma glucose,
cholesterol, triglyceride, globulin and RBC were affected by induced ascites. Liver function factors such as total
protein and albumin and blood hematocrit showed a significant decrease, which indicates severe liver damage
followed by kidney dysfunction. Blood urea level also increased and blood uric acid level decreased. The basic
rations used in this research had the ideal level of protein for chickens, and vegetable food sources were used to
estimate the required protein. It seems that the reason for the decrease in blood uric acid levels is the lack of use
of animal proteins.

Cholesterol level in induced ascites + olive compared to induced ascites has shown a significant reduction. In
people with pulmonary hypertension, the use of olive extract reduced cholesterol, which is consistent with the
results of our study (Pereira et al., 2020). The olive extract in male rabbits reduced plasma total cholesterol levels.
Other research has shown that the leaves of the olive plant and many medicinal plants contain compounds that
have the property of reducing serum lipids.

Triglyceride levels in induction ascites and OLE showed a significant decrease compared to induced ascites
treatment. Researchers mention blood parameters as a suitable indicator in the diagnosis of chickens suffering
from the challenge of ascites (El and Karakaya, 2009). A positive genetic correlation between hematocrit and
ascites. There was a negative relationship between hematocrit and the percentage of oxygen saturation in the blood
and the incidence of ascites which was consistent with the results of our research. On the other hand, it, also,
affects thyroid function and increases the amount of hormones T4, T3, and TSH, which causes weight loss
compared to the control group. Weight loss is due to increased basal metabolism and increased energy expenditure.
Levothyroxine caused weight loss because levothyroxine is a precursor to thyroid hormones and an increase in
thyroid hormones in the body increased metabolism and increased metabolic energy consumption in
levothyroxine-receiving treatments.

4. Conclusions

The positive effects of probiotics on the traits examined in this research are quite clear. However, the olive leaf
extract is recommended for the prevention of induced ascites due to its reasonable price, availability, and acceptable
effectiveness.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkh Zamanlarda Ekilen italyan Cimi (Lolium multiflorum Lam.) ve Tef (Eragrostis tef
(Zucc) Trotter) Bitkilerinin Ot Verimi ve Kalitesinin Belirlenmesi*

Determination of Yield and Quality of Italian Ryegrass (Lolium multiflorum Lam.) and Teff
(Eragrostis tef (Zucc) Trotter) Sown at Different Times

Betiil ACAR!, Abdullah OZKOSE*

Oz

Bu ¢aligmada mevcutta ekimi yapilan Italyan ¢imi ile yeni bir bitki olan tef bitkisinin farkli zamanlarda ekimlerine
gdre verim ve kalitelerinin kiyaslanmasi, dzellikle sicak yaz doneminde gelisimi yavaslayan italyan ¢imi yerine
tef bitkisinin kullanilabilme potansiyeli arastirilmistir. Bu ¢alisma Konya kosullarinda yazlik olarak farkli
zamanlarda ekilen tef ve Italyan ¢iminin ot verim ve kalitesinin belirlenmesi amaciyla 2020 yilinda yapilmistir.
Deneme tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmustur. Calismada iki talyan ¢imi cesidi
ve iki tef bitkisi ¢esidi ti¢ farkli zamanda (1 Mayis, 1 Haziran ve 1 Temmuz) ekilmistir. Arastirma sonucunda, tef
bitkisinde bitki boyu 75.4 — 84.6 c¢m, sap kalinlig1 1.70 — 2.15 mm, yesil ot verimi 5152.2 — 7555.8 kg da ™, kuru
ot verimi 1458.6 — 2390.70 kg da?, kuru madde oram %25.98 — 32.14, kuru madde verimi 1335.0 — 2176.2 kg da
! ham protein oran1 %6.12 — 8.55, ham protein verimi 108.3 — 149.7 kg da* arasinda; Italyan ¢iminde bitki boyu
35.9 — 88.9 cm, sap kalinligi 2.44 — 3.73 mm, yesil ot verimi 739.2 — 4604.2 kg da ™%, kuru ot verimi 243.3 — 1040.9
kg da?, kuru madde oran1 %14.73-30.13, kuru madde verimi 221.4-952.6 kg da, ham protein orani %9.45 —
11.19 ve ham protein verimi 20.9 — 102.3 kg da™ arasinda bulunmustur. Calisma sonucunda; Orta Anadolu
kosullarinda yazlik ekim tarihlerinde, sicak iklim bitkisi olan tef yesil ot, kuru ot, kuru madde ve ham protein
acisindan Italyan ¢iminden daha fazla verim vermistir. Italyan ¢imi cesitlerinin ham protein oranlar ise tef
¢esitlerinin ham protein oranlarindan daha yiiksek bulunmustur. Serin iklim bitkisi olan ve ¢alismada kullanilan
Italyan ¢imi cesitleri icin ise yazlik ekimlerin uygun olmadig1 tespit edilmistir. Tef bitkisi Orta Anadolu
kosullarinda ekimden 55-65 giin igerisinde ot igin bigim olgunluguna gelmistir. Tef bitkisi Orta Anadolu
kosullarinda ikinci iriin olarak 1 Temmuz’da ekildiginde bile iki kez bigilebilmekte ve iyi bir verim
verebilmektedir. Daha fazla tef ¢esidi ile benzer ¢aligmalarin yapilmasi uygun olacaktir.

Anahtar Kelimeler: Ekim zamani, Eragrostis tef, Ham protein, italyan ¢imi, Ot verimi, Tef bitkisi, Yazotu
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Abstract

In this study, the yield and quality of Italian ryegrass and tef plant were compared according to their sowing at
different times, and the potential of using tef plant instead of Italian ryegrass, whose development slows down
especially during the hot summer period, was revealed. This study was conducted in 2020 to determine the herbage
yield and quality of tef and Italian ryegrass sown at different times as summer crops under Konya conditions. The
experiment was established according to the randomized block design with 3 replications. Italian ryegrass and two
tef plant cultivars were sown at three different times on May 1, June 1 and July 1. As a result of the study, plant
height 75.4 — 84.6 cm, stem thickness 1.70 — 2.15 mm, green grass yield 5152.2 — 7555.8 kg da™, dry grass yield
1458.6 — 2390.7 kg da?, dry matter rate 25.98% — 32.14%, dry matter yield 1335.0 — 2176.2 kg da%, crude protein
rate 6.12% — 8.55%, crude protein yield 108.3 — 149.7 kg da* in tef; plant height 35.9 — 88.9 cm, stem thickness
2.44 — 3.73 mm, green grass yield 739.2 — 4604.2 kg da?, dry grass yield 221.4 — 952.6 kg da™!, dry matter rate
14.73% — 30.13%, dry matter yield 221.4 — 952.6 kg da'da, crude protein rate 9.45% — 11.19%, crude protein
yield 20.9 — 149.7 kg dain Italian ryegrass. As a result of the study, tef, which is a warm climate plant, yielded
more than Italian ryegrass in terms of green grass, dry matter and crude protein in summer sowing dates under
Central Anatolian conditions. The crude protein ratios of Italian ryegrass varieties were higher than the crude
protein ratios of tef varieties. It was determined that summer sowing was not suitable for Italian ryegrass cultivars
used in the study. In Central Anatolian conditions, Tef plant reaches harvest maturity within 55-65 days after
sowing. In Central Anatolian conditions, tef can be mowed twice and give a good yield even when sown on July
1 as a second crop. It would be appropriate to conduct similar studies with more tef varieties.

Keywords: Crude protein, Eragrostis tef, Hay yield, Italian ryegrass, Sowing time, Tef plant, Teffgrass
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1. Giris

Hayvancilik igletmelerinde yem maliyetler icerisinde en biiyiik pay1 almaktadir. Hayvansal iiretimde isletme
maliyetinin yaklasik %70’ini yem masraflar1 olusturmaktadir (Moray ve Istanbulluoglu, 2002). Yem
maliyetlerinin yiiksekligi isletmeleri olumsuz etkilenmeleridir. Ulkemizde ve diinyada en ucuz kaba yem kaynag1
meralardir (Ozkdse ve ark., 2007). Ulkemizde gayir ve meralarmin verimlerinin diisiik olmas1 ve hatta bozulmus
olmasi nedeniyle bu alanlardan beklenen fayda yeterince saglanamamaktadir (Ozkose ve Miilayim, 2013).
Hayvansal {iretimin verimli bir sekilde siirdiiriilebilmesi ve arttirilabilmesi i¢in kaba yem ihtiyacinin karsilanmasi
6nemli bir unsurdur (Burgu ve Mut, 2023). Hayvancilik isletmelerinin kaba yem ihtiyacini karsilamada ¢ayir mera
alanlarina ilaveten tarla tarimi igerisinde yetirilen yem bitkileri katki saglamaktadir. Son yillarda yem bitkileri
ekim alani ve verimi artis gdstermesine ragmen yeterli degildir. Ulkemizde yem bitkileri tarimini gelistirmek icin;
mevcut tarimi yapilan yem bitkilerinin verim ve kaliteleri artirilmalidir. Ayrica gerek iilke genelinde gerekse
bdlgesel olarak adapte olabilecek yeni yem bitkisi tiirleri ile ilgili ¢aligmalarin sayist hizla artirilmalidir (Bato ve
ark., 2021). Bu yeni tiirlerden birisi de tef bitkisidir.

Tef (Eragrostis tef), Poaceae familyasina ait tropik kokenli bir bitkidir (Ketema, 1997). Tiirkiye’de yazotu ve
tefgrass olarak da bilinen tef bitkisinin gen merkezi Afrika (Etiyopya)’dir (Ketema, 1997; Ozkéose ve ark., 2022).
MO 5000 yillarinda Etiyopya’nin yiiksek yaylalarinda tane ve hayvan yemi olarak yetistirildigine dair kanitlar
mevecuttur (Eckhoff ve ark., 1993; NRC, 1996; Ketema, 1997). Ulkemize tef bitkisinin bilinirligi saglikli beslenme
adina ithal edilen tef tohumlari ile olmustur. Tef tanesi gliitensizdir ve ¢6lyak hastaligi olan insanlar igin birgok
yiyecekte kullanilma potansiyeline sahiptir (Gebremariam ve ark., 2014; Sar1 ve Tiryaki, 2018). Ayrica taneleri
zayiflama ¢ay1 i¢inde kullanilmaktadir. Tef {ilkemizde insan beslenmesinin yani sira son yillarda alternatif bir yem
bitkisi olarak da taninmaya baglamistir. Tef bitkisinin otu hayvan beslemesinde kullanilmaktadir. Son yillarda
gerek tanesi igin gerekse otu i¢in yetistiriciligine Tiirkiye’de de baslanmustir (Ozkédse ve ark., 2022).

Tef bitkisi ylizlek sagak kok sistemine sahiptir (Kaya, 2020). Bitki boyu 20 c¢m ile 155 c¢cm arasinda
degismektedir (Assefa, 2017). Cicek toplulugu salkim seklindedir. Tahillar igerisinde en kii¢iik tohuma (bin tane
agirhg 0.2-0.4q) sahiptir (NRC, 1996; Ketema, 1997). Tropik ve subtropik iklim bélgelerinin bitkisi olan tef
bitkisi fizyolojik olarak C4 bitkisidir. Bitki yiiksek sicakliklara ve nispeten kurak kosullara dayanikl bir bitkidir
(Minten ve ark., 2013; Miller, 2009). Daha ¢ok tanesi igin yetistiren tef bitkileri erkenci ve tane verimi yiiksek
iken ot verimi diisliktiir. Ancak son yillarda yem bitkisi olarak ge¢ olgunlagan ve ot verimi yiiksek ¢esitler
gelistirilmektedir (Miller, 2009).

Sicak kosullarda hizli bir sekilde biiyiiyen Tef bitkisi ekimden kisa bir siire sonra bi¢im olgunluguna gelmekte,
iklim kosullarina gore ¢ok kez bigilebilmektedir. Tiirkiye’de yazlik ekilebilme potansiyeline sahiptir. Ancak
iilkemizde Tef bitkisi ile ilgili gok fazla calisma bulunmamaktadir (Ozkdse ve ark., 2022). Yapilacak bilimsel
caligmalar bitkinin daha fazla taninmasina ve 6neminin anlasilmasina katki saglayacaktir.

Tropik kokenli tef bitkisi yeni ekilmeye baglamis, iilkemizde ve bolgemizde ilgi uyandirmaktadir. Ancak
yetistiriciligi, verim ve kalitesi her bolgemizde belirlenmemistir. Orta Anadolu Bolgesinde bu bitkinin verim
potansiyelinin ve tarimsal uygulamalarinin gelistirilmesine ihtiya¢ vardir. Yem bitkileri ¢esitlerinin farklr iklim,
toprak, ¢evre ve tarimsal uygulamalara gore de verim ve kaliteleri degismektedir. Bu nedenle Konya bolgesinde
Tef bitkisinin verim potansiyelini gormek ve ekim zamanlarina gére verim ve kalitesini belirlemek amaciyla bu
calisma yapilmistir. Bolge tariminda tef bitkisinin yer alabilmesi birazda mevcut tarimi yapilan bitkilere gore
avantajlarinin olmasina baghdir. Bolgede tarimi yayginlagmaya bagslayan italyan ¢imi (Lolium multiflorum Lam.)
(Ozkose ve Acar, 2018) ile tef bitkisi birlikte ekilerek verim potansiyelleri kiyaslanacaktir. Caligmada mevcutta
ekimi yapilan Italyan ¢imi ile yeni bir bitki olan tef bitkisinin farkli zamanlarda ekimlerine gére verim ve
kalitelerini kiyaslamak, 6zellikle sicak yaz déneminde gelisimi yavaslayan Italyan ¢imi yerine tef bitkisinin
kullanilabilme potansiyelini ortaya koymak amaglanmistir. Calisma ile kaliteli kaba yem acigin1 kapatmaya katki
saglamak icin yem bitkileri tarimina yeni tiirlerin, ¢esitlerin ve uygulamalarin kazandirilmasi hedeflenmistir.

2. Materyal ve Metot

Calisma 2020 yil yetistirme sezonunda (Mayis — Ekim) Selcuk Universitesi, Ziraat Fakiiltesinde Tarla Bitkileri
Bolimii Deneme Tarlasinda yiiriitiilmiistiir. Denemenin yapildigi alan karasal iklime sahip ve deniz seviyesin
yiiksekligi yaklagik 1100 metredir. Calismanin yiiriitiildiigii aylara iligkin 2020 yilli ve uzun yillar ortalamasina ait
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iklim verileri Tablo 1°de verilmistir. 2020 yilinda denemenin yriitiildigi aylarda toplam yagis 79.7 mm ortalama
sicaklik 20.9°C ve nispi nem %43 iken uzun yillar ortalamasinda toplam yagis 157.4 mm, ortalama sicaklik 19 °C ve
nispi nem %48.8 olarak ger¢eklesmistir (Tablo 1). Deneme yili uzun yillar ortalamasina gore daha az yagis almig, daha
sicak ve daha diisiik nispi neme sahip olmustur. Deneme alaninin topraklart killi — tinli biinyeye ve alkalin &zellige
sahiptir. Organik madde miktar1 %1.12, EC (uS / cm) = 190, P,Os = 10.58 ppm, K0 = 242.36 ppm, Na = 67.02 ppm,
Ca = 5600 ppm, Zn = 2.13 ppm, Mn = 4.80 ppm, Cu = 0.81 ppm ve Fe = 1.30 ppm olarak tespit edilmistir (Tablo 2).

Tablo 1. Konya Tline ait 2020 ve uzun yillar ortalamasina (UYO) ait iklim verileri (Anonim, 2022).

Table 1. Climate data of Konya Province for 2020 and long-term (LT) average

Yagis (mm) Sicakhik °C Nispi Nem (%0)
Aylar 2020 U.Y.O. 2020 U.Y.O. 2020 u.Y.O.
(1930-2021) (1930-2021) (1930-2021)
Mayis 43.5 42,51 15.90 15.85 53.6 55.88
Haziran 23.9 25.90 20.30 20.14 47.9 49.11
Temmuz 0.9 7.50 25.50 23.56 36.4 41.21
Agustos 0.4 6.48 24.20 23.29 31.4 40.84
Eyliil 6.9 12.90 22.60 18.81 42.6 46.77
Ekim 4.1 29.78 17.10 12.84 46.4 59.29
Toplam 79.7 125.09
Ortalama 20.9 19.0 43.0 48.8

Tablo 2. Deneme Alaninmin Toprak Analiz sonuclart *

Table 2. Soil analysis results of the trial area*

Toprak Organik pH EC P20s K20 Na
Derinligi (cm) Madde (%) (uS cm?) (ppm) (ppm) (ppm)
0-30 1.12 7.5 190 10.58 242.36 67.02
Toprak Ca Zn Mn Cu Fe Biinye Sinifi
Derinligi (cm) (ppm) (Ppm) (mg/kg) (ppm) (Ppm)
0-30 5600 2.13 4.80 0.81 1.30 Killi — Tinlt

*: Toprak analizleri Konya Ticaret Borsasi Laboratuvarinda yaptiriimigtir.

Calhismada Konya kosullarinda iki tef bitkisi ve iki Italyan ¢imi ¢esidi 3 farkli zamanda ekilmis, verim ve kalite
ozellikleri incelenmistir. Caligma tesadiif bloklar: deneme desenine gore 3 tekerriirlii olarak kurulmustur. Calismada
bitki materyali olarak iki tef bitkisi ve iki adet italyan ¢imi cesidi kullanilmistir. Tef gesitleri Rooiberg (Yonca Tarim)
(TC1) ve Popiilasyon (Yigit Tohum) (TC2); Italyan ¢imi cesitleri Excellent (Yonca Tarim) (ICC1) ve Popiilasyon
(TIGEM) (iCC2) olmustur. Ekim tarihleri olarak 1 Mays, 1 Haziran ve 1 Temmuz olmak iizere ii¢ farkli zaman
belirlenmistir. 1 Mayis ana lirlin, 1 Haziran ge¢ ana tiriin, | Temmuz ikinci {iriin ekim zamanini temsil etmektedir.
Caligma 2020 y1l1 yetistirme sezonunda Selguk Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii deneme tarlasinda,
laboratuvar analizleri ise Tarla Bitkileri Boliimii Laboratuvarlarinda yiiriitiilmiistiir. Toprak hazirlig1 olarak toprak
derince siiriilmiistiir, sonra diskaro+tirmik kombinasyonu ile ikilenmistir. Ozellikle tef bitkilerinin tohumlar1 ¢ok kiigiik
oldugu i¢in tohum yatagi iyi hazirlanmis ve bastirilmistir.

Ekim islemi; markorle acilan siralara elle yapilmistir. Ekim derinligi italyan ¢iminde 2-3 cm, tef bitkisinde 1 cm
veya daha yiizlek tutulmustur. Tohumluk miktar1 italyan ¢iminde dekara 4 kg, tef bitkisinde ise 2 kg tohum olacak
sekilde hesaplanmistir (Anonim, 2020; Kamaci, 2022). Ekimden sonra toprak merdane ile bastirilmustir. Parsellerin
alan1 ekimde 5 x 2 m (0.20 x 10 sira) = 10 m?, hasatta ise kenar tesirleri gikartilarak 4 x 1.6 = 6.4 m? olmustur. Calisma
dort gesit, ti¢ farkli ekim zamam ve ti¢ tekerriirlii olarak toplam 36 (4 x 3 x 3) parselden olusmustur.

Ekimden 6nce toprak hazirlig1 sirasinda dekara 20 kg hesabiyla DAP giibresi verilmistir. Deneme sulu kosullarda
yiiriitiilmiis ve birden fazla bicim yapilmustir. Son bigim hari¢ her bigimden sonra 5 kg da* hesabryla saf N verilmistir.
Sira aralarinda ¢ikan yabanci otlar el ¢apasi ile alinmis ayrica uygun donemde genis yaprakli yabanci otlar i¢in herbisit
kullanilmistir. Ciks i¢in ve gelisme doneminde bitkinin ihtiyacina gére sulama yapilmistir.
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Bigimler salkim veya basak ¢ikartma déneminde toprak yiizeyinden 5 cm yukaridan olacak sekilde yapilmistir. Her
bi¢gimden 6nce bitkisel 6zellikler, bi¢imle birlikte verimler, bigimden sonra kuru ot ve laboratuvar analiz sonuglarina
ait veriler elde edilmistir. Olgiimler, gdzlemler ve veriler kenar tesiri dikkate almarak yapilmustir. Gozlem ve dlgiimler
hasattan dnce her parselden rastgele segilen 10 adet bitkide yapilmistir. Caligma kapsaminda; bigim tarihi, bitki boyu
(cm), sap kalimhg1 (mm), yesil ot verimi (kg da™), kuru ot verimi (kg da), kuru madde orani (%) ve verimi (kg da™),
ham protein orani (%) ve verimine (Kg da ) ait 6l¢iim ve analizler yapimustir (Akyildiz, 1968; Altin, 1982; Ozkése ve
ark., 2015; Kaplan ve ark., 2016; Anonim, 2019)

Calisma kapsaminda ekim zamanlarma gore farkli sayida bigimler yapilmistir. 1 Mayis tarihinde ekilen tef ve
Italyan cimleri iicer kez bicilmistir. 1 Haziran tarihinde ekilen tef cesitleri iicer kez, Italyan cimi gesitleri ise ikiser kez
bigilmistir. 1 Temmuz tarihinde ekilen tef gesitleri ikiser kez bicilirken Italyan ¢imi gesitleri ise birer kez bicilmistir.
Bigim tarihleri ve bigime kadar gegen giin sayilar1 Tablo 3’te verilmistir.

Aragtirmada elde edilen veriler, tesadiif bloklari deneme desenine gore varyans analizine tabi tutulmustur
(Yurtsever, 1984). Denemeye ait veriler Mstat-C bilgisayar programmdan yararlanilarak analiz edilmistir. Istatistiki
analiz sonucunda 6nemli farklilik ortaya 6zelliklerde, ortalamalarin karsilagtirilmasi igin LSD testleri uygulanmugtir.

Tablo 3. Cesitlere gore bicim tarihleri ve bicime kadar gecen giin sayilart

Table 3. Cutting dates and the number of days until the cutting according to cultivars

Ekim 1. Bi¢im 2. Bicim 3. Bi¢im
Zamam Cesit Tarih Giin* Tarih Giin** Tarih Giin***
1 Mayis TC1 25.07.2020 86 3.09.2020 46 31.10.2020 58

TC2 25.07.2020 86 3.09.2020 46 31.10.2020 58
iccl 25.07.2020 86 26.09.2020 63 31.10.2020 35
icc2 25.07.2020 86 26.09.2020 63 31.10.2020 35
1 Haziran  TCl1 8.08.2020 69 26.09.2020 49 31.10.2020 35
TC2 8.08.2020 69 26.09.2020 49 31.10.2020 35
icC1 8.08.2020 69 26.09.2020 49
icc2 8.08.2020 69 26.09.2020 49
1Temmuz TCl 30.08.2020 61 31.10.2020 62
TC2 30.08.2020 61 31.10.2020 62

icC1 31.10.2020 113
icc2 31.10.2020 113

*: Ekimden ilk bigime kadar gecen giin say1s1; **: Birinci bigimden ikici bigime kadar gegen giin sayisy;***: Ikinci
bi¢imden tiglincii bigime kadar gegen giin sayisi

3. Arastirma Sonuglari ve Tartisma
3.1. Bitki boyu (cm)

Aragtirmada ekim zamanlarinin, cesitlerin ve ekim zamani x ¢esit interaksiyonunun bitki boyuna etkisi
istatistiki olarak p<0.01 seviyesinde 6nemli bulunmustur. Ortalamalar arasindaki farklarin 6nem diizeyini
belirlemek igin AOF testi yapilmis, bitki boyuna iliskin ortalama degerler ve AOF gruplar1 Tablo 4’te verilmistir.

Ekim zamanlar1 ortalamalarina gore en yiiksek bitki boyu 83.5 cm ile 1 Haziran ekiminden elde edilmis, bunu
1 Mayis (77.3 cm) ve 1 Temmuz (70.2 cm) ekimleri takip etmistir (Tablo 4). Cesit ortalamalar1 arasinda en yiliksek
bitki boyu 82.2 cm ile Tef Cesit2 de dl¢iilmiis TC1 ve ICC2 ile ayn1 nemlilik grubunda yer almustir. En diisiik
bitki boyu ise 66.5 cm ile ICC1°de dlgiilmiistiir. Ekim zaman1 x gesit interaksiyonunda bitki boyu 35.9 cm — 88.9
cm arasinda degismistir. Cesitlerin ekim zamanlaria tepkileri farkli olmustur. Ozellikle ICC1 yazlik ekimden en
olumsuz etkilenen ¢esit olmustur. Tef bitkisi ile ¢alisan arastirmacilardan Sang-Hoon ve ark. (2015) bitki boyunu
89.3 — 106.7 cm arasinda, Giiriin ve Geren (2019) 86.3 — 112.3 cm, Geren ve ark. (2019) 44.2 — 58.2 cm, Davison
ve ark. (2011) 111.2 —132.3 cm, (Abebe ve Abebe, 2016) 93 .2 — 101.3 cm, Giiriin (2018) 116.5 — 128.3 cm, Tanik
(2020) 86.0 — 102.7 cm, Giday ve ark. (2014) 85.7 — 112.3 cm ve Kakabouki ve ark. (2020) 38.42 — 73.1 cm
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arasinda bulmustur. Italyan ¢imi ile calisan arastirmacilardan Aktar (2019) bitki boyunu 48.67 — 65.66 cm, Ding
(1995) 113.27 — 129.30 cm, Ince (2000) 86.17 —96.17 cm, Ozdemir (2017) 48.1 — 62.9 cm ve Kamac1 (2022) 44.8
— 68.3 cm arasinda bulmuslardir. Calisma sonuglarimiz arastirmacilarin bazilarinin sonuglari ile benzer iken,
bazilarinin sonuglarindan daha diisiik veya yiiksek olmugtur. Bunun nedenleri arasinda bitki boyuna etki eden gesit,
cevre kosullari, sulama, giibreleme, ekim zamanlari, ekim siklig1 gibi tarimsal uygulamalardaki farkliliklar olabilir.

Tablo 4. Tef ve Italyan ¢cimi cesitlerin bitki boyuna iliskin ortalama degerler (cm) ve AOF gruplart

Table 4. Aerage values and LSD groups of plant height (cm) of teffgrass and Italian ryegrass cultivars

Ekim Zamam

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 78.2 bc 75.4 bc 79.9 abc 778 A
Tef Cesit2 (TC2) 80.9 abc 84.6 abc 78.8 abc 814 A
italyan Cimi Cesitl (ICC1) 746 ¢ 88.9a 35.9d 66.5B
Italyan Cimi Cesit2 (ICC2) 75.3¢c 85.1 abc 85.9 ab 82.1A
Ortalama 77.3B 83.5A 70.2C 77.0

3.2. Sap Kalinligi (mm)

Aragtirmada ekim zamanlarinin, ¢esitlerin ve ekim zamani x ¢esit interaksiyonunun sap ¢apina etkisi istatistiki
olarak p<0.01 seviyesinde 6nemli bulunmustur. Ortalamalar arasindaki farklarin dnem diizeyini belirlemek i¢in
AOF testi yapilmus, sap capina iliskin ortalama degerler ve AOF gruplar1 Tablo 5’te verilmistir.

Tablo 5. Tef ve ftalyan ¢cimi cesitlerin sap kalinhgina iliskin ortalama degerler (mm) ve AOF gruplar

Table 5. Aerage values and LSD groups of stem thickness (mm) of teffgrass and Italian ryegrass cultivars

Ekim Zamam

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 1.70f 1.92 cdef 1.71f 1.78 B
Tef Cesit2 (TC2) 1.74 ef 2.15 bedef 1.87 de 1.92B
italyan Cimi Cesitl (iCC1)  2.67b 2.58 bed 3.73a 299 A
Italyan Cimi Cesit2 (ICC2) 2.64 bc 2,44 bcde 349a 2.86 A
Ortalama 219B 227B 270 A 2.39

Ekim zamanlar1 ortalamalarina gére en yiiksek sap kalinligi 2.70 mm ile 1 Temmuz ekiminden elde edilmis,
bunu 1 Haziran (2.27 mm) ve 1 Mayis (2.19 mm) ekimleri takip etmistir (Tablo 5). Genel anlamda ekim zamani
geciktikce sap kalinlig1 artis gostermistir. Cesit ortalamalar arasinda en yiiksek sap kalinligi 2.99 mm ile italyan
¢imi Cesitl de dlgiilmiis ve italyan ¢imi Cesit2 (2.86 mm) ile ayn1 énemlilik grubunda yer almistir. En diisiik sap
kalinlig1 ise 1.78 mm ile Tef Cesitl’de dl¢lilmils ve Tef Cesit2 (1.92 mm) ile arasindaki fark istatistiki olarak
onemsiz ¢ikmistir. Cesit ortalamalarina baktigimizda Tef cesitlerinin saplari Italyan ¢imi gesitlerinin saplarmdan
daha ince oldugu acikga goriilmektedir. Ekim zamani x ¢esit interaksiyonunda sap kalinligi 1.70 mm — 3.73 mm
arasinda degismektedir. Cesitlerin ekim zamanlarina tepkileri farkli olmustur. ftalyan ¢imi cesitlerinin 1 Temmuz
ekiminde sap kalinliklar1 oldukea yiiksek ¢ikmustir. Sicak kosullarin ftalyan ¢iminde sap kalinhigini artirict bir etki
yaptigini sdyleyebiliriz. Tanik (2020) tef bitkisinde sap kalinligini 1.75 — 1.92 mm arasinda belirlemistir. Aragtirma
sonuglarimiz Tanik (2020) ile benzerlik gdstermistir. italyan ¢iminde sap kalmligin1 Ding (1995) 2.70 — 3.70 mm
ve Kamaci (2022) 2.8 — 3.5 mm, Ozkdse ve ark. (2015) 1.69 — 3.75 mm, Sever (2021) 2.42 — 3.19 mm arasinda
bulmuslardir. Arastirma sonuglarimiz diger arastirmacilarin buldugu degerler arasinda olup benzerlik
gostermektedir.

3.3. Yesil ot verimi

Arastirmada ekim zamanlarinin, gesitlerin ve ekim zamani x ¢esit interaksiyonunun yesil ot verimine etkisi
istatistiki olarak p<0.01 seviyesinde onemli bulunmustur. Ortalamalar arasindaki farklarin 6nem diizeyini
belirlemek i¢in AOF testi yapilmis, yesil ot verimine iliskin ortalama degerler ve AOF gruplar1 Tablo 6°da
verilmistir.
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Tablo 6. Tef ve italyan cimi cesitlerin yesil ot verimine iligkin ortalama degerler (kg dat) ve AOF gruplart

Table 6. Aerage values and LSD groups of fresh forage yield (kg da?) of teffgrass and Italian ryegrass

cultivars
Ekim Zamam Ortal

Cesit 1 Mayis 1 Haziran 1 Temmuz rtalama
Tef Cesitl (TC1) 5888.3 b 7380.0 a 5152.2 bed 6140.2 A
Tef Cesit2 (TC2) 5732.5 bc 7555.8 a 5905.8 b 6398.1 A
italyan Cimi Cesitl (ICC1) 4279.5 de 3470.0 e 739.2 f 2829.6 B
Italyan Cimi Cesit2 (ICC2) 4508.2 cde 4604.2 bede 980.8 f 3364.4B
Ortalama 5102.1 A 57525 A 3194.5B 4683.0

Ekim zamanlar1 ortalamalaria gore en yiiksek yesil ot verimi 5752 kg da! ile 1 Haziran ekiminden elde
edilmis ve 1 Mayis ekimi (5102.1 kg da?) ile ayn1 énemlilik grubunda yer almigtir (Tablo 6). En diisiik ise 3194.5
kg da ile 1 Temmuz ekiminden elde edilmistir. Cesit ortalamalar1 arasinda en yiiksek yesil ot verimi 6398.1 kg
da ile TC2 den elde edilmis ve TC1 (6140.2 kg da?) ile ayn1 énemlilik grubunda yer almustir. En diisiik yesil ot
verimi ise 2829.6 kg da* ICC1°den elde edilmis ve ICC2 (3364.4 kg da™?) ile arasindaki fark énemsiz ¢ikmustir.
Ekim zamani x gesit interaksiyonunda yesil ot verimi 739.2 kg da* (1 Temmuz x ICC1) — 7555.8 kg da* (1
Haziran x TC2) arasinda degismistir. Calismada tercih ettigimiz ekim zamanlar1 yazlik bitkilere gore secilmistir.
Bu nedenle yazlik bir tiir olan tefin verimleri daha yiiksek ¢ikmistir. Cesitlerin {i¢ bi¢im ortalamasina baktigimizda
Tef gesitleri yiiksek verimler elde edilirken (6140.2 kg da! (TC1) ve 6398.1 kg da (TC2)) iken Italyan ¢imi
cesitlerinden diisiik verimler (2829.6 kg da~* (ICC1) ve 3364.4 kg da* (ICC2) elde edilmistir. Ekim zamani x ¢esit
interaksiyonuna baktigimizda serin iklim bitkisi olan Italyan ¢imi ekimi geciktik¢e veriminde diisiisler olmustur.
Ozellikle son ekim tarihi olan 1 Temmuz’da ekilen Italyan ¢imi verimleri 739.2 kg da* (ICC1) ve 980.8 kg da*
(ICC2) kadar diismiistiir. Tef bitkisinde ise farkl1 bir durum goriilmiistiir. En yiiksek verimler 1 Haziran tarihinde
yapilan ekimlerden 7380.0 kg da™ (TC1) ve 7555.8 kg da (TC2) almmugtir. Genel beklenti vejetasyon siiresi
arttikca yesil ot veriminin artmasi seklindedir. Ancak yiiriitiilen bu ¢alismada ekim zamanlari arasinda iki aylik bir
stire olmasina ragmen Tef ¢esitlerinin 1 Mayis ve 1 Temmuz verimleri birbirine yakin ¢ikmigtir. Bu sonuglara gore
Tef cesitleri optimum iklim kosullarinda kisa vejetasyon siirelerinde bile tatmin edici verim vermektedir. Serin
iklim bitkisi olan ve ¢alismada kullanilan Italyan ¢imi cesitleri igin ise yazlik ekimlerinin uygun olmadigim
sOyleyebiliriz.

Tef bitkisinde yesil ot verimini Uke (2016) bigim zamanlarina gére 576.9 — 1061.8 kg da?, Tanik (2020) farkli
sira araliklarma gore 2104.8 — 2766.5 kg da! ve Kaplan ve ark. (2016) farkli hasat dénemlerine gore 576.9 —
1061.8 kg da! arasinda belirlemistir. Arastirma sonuglarindan elde ettigimiz yesil ot verimi arastirmacilarin
sonuglarmdan oldukca yiiksek ¢ikmustir. italyan ¢iminde yesil ot verimi, Aktar ve ark. (2021) 1975.06 — 2764.75
kg dal, Ding (1995) 2710 — 2010 kg da?, Akgiil (2001) 1162. 72 kg da?, ince (2000) 1388.7 — 2509.2 kg da™*,
Ozdemir (2017) 2071.0 — 7368.7 kg da! ve Kamac1 (2022) 3046.7 — 5210.0 kg da arasinda belirlemislerdir.
Aragtirma sonuglarimiz diger arastirmacilarin sonuglarinin bazilar ile benzer iken bazilarindan diisiik ¢ikmistir.
Calismamizda yazlik ekim tarihlerine gore Italyan ¢cimini ekmemiz verim diisiikliigiinde 5nemli bir faktor olmustur.

3.4. Kuru ot verimi

Arastirmada ekim zamanlarimin ve ¢esitlerin kuru ot verimine etkisi istatistiki olarak p<0.01 seviyesinde
onemli iken ekim zamani x c¢esit interaksiyonun etkisi p<0.05 seviyesinde dnemli bulunmustur. Ortalamalar
arasindaki farklarin 6nem diizeyini belirlemek icin AOF testi yapilmis, kuru ot verimine iliskin ortalama degerler
ve AOF gruplar1 Tablo 7°de verilmistir.

Ekim zamanlar1 ortalamalarma gore en yiiksek kuru ot verimi 1529.6 kg dat ile 1 Haziran ekiminden elde
edilmis ve 1 Mayis ekimi (1451.7 kg da?) ile arasindaki ayn énemlilik grubunda yer almistir (Tablo 7). En diisiik
ise 1007.3 kg da?! ile 1 Temmuz ekiminden elde edilmistir. Cesit ortalamalar: arasinda en yiiksek kuru ot verimi
2129.1 kg da! ile TC2’den elde edilmis ve TC1 (1934.2 kg da?) ile aym dnemlilik grubunda yer almigtir. En
diisiik kuru ot verimi ise 536.8 kg da* ICC1’den elde edilmis ve ICC2 (718.1 kg da?) ile arasindaki fark 6nemsiz
cikmistir. Ekim zamani x gesit interaksiyonunda kuru ot verimi 243.3 kg da™ (1 Temmuz x ICC1) — 2390.7 kg da-
(1 Haziran x TC1) arasinda degismistir.
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Tablo 7. Tef ve Italyan cimi cesitlerin kuru ot verimine iliskin ortalama degerler (kg da™') ve AOF gruplar

Table 7. Aerage values and LSD groups of hay yield (kg da?) of teffgrass and Italian ryegrass cultivars

EKim Zamani

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 1953.3 ¢ 2390.7 a 1458.6 d 1934.2 A
Tef Cesit2 (TC2) 2007.6 bc 2336.5 ab 2043.1 abc 2129.1 A
italyan Cimi Cesitl (ICC1) 805.0 ef 562.1 fg 243.3 ¢ 536.8 B
italyan Cimi Cesit2 (ICC2) 10409 829.2 ef 284.2 g 718.1B
Ortalama 1451.7 A 1529.6 A 1007.3B 1329.5

Cesit ortalamalarma baktigimizda Tef gesitlerinin kuru ot verim ortalamas1 Italyan ¢imi cesitlerinin verim
ortalamasindan yiiksek ¢ikmistir. Ekim zamani x gesit interaksiyonuna baktigimizda Italyan ¢imi gesitleri ekim
zamani ilerledik¢e verimlerinde onemli diisiisler goriilmistiir. Ekim tarihi geciktik¢e bitkilerin gelisimi yaz
donemine gelmekte ve serin iklim bitkisi olan Italyan ¢imi olumsuz etkilenmektedir. Tef gesitlerinde ise en yiiksek
kuru ot verimi 1 Haziran ekiminden elde edilmistir. Tef Cesitl en diigiik kuru ot verimini 1 Temmuz tarihinde
yapilan ekimde verirken Tef Cesit2 1 Mayis tarihinde ekiminde vermis ve ge¢ ekimde (1 Temmuz) bile olduk¢a
verimli olmustur.

Uke (2016) tef bitkisinde kuru ot verimini 198.5 — 637.0 kg da* arasinda ve hasat zamaninin ilerlemesiyle
kuru ot veriminde artis bulmustur. Tanik ve Kokten (2021) kuru ot verimini755.1 — 974.7 kg da arasinda
belirlemis ve sira araliginin kuru ot verimine etkisini 6nemli tespit etmistir. Kaplan ve ark. (2016) farkli hasat
dénemlerine gére 198.5 — 637.0 kg da* arasinda belirlemislerdir. Kuru ot verimi yetistirilen bdlgenin iklim ve
toprak ozellikleri, tane ya da ot i¢in 1slah edilen ¢esidin verim potansiyeli, uygulanan ekim zamani, giibreleme,
bi¢im sayisi, sulama gibi tarimsal uygulamalarin etkisi ortaya ¢ikmaktadir. Dolayisi ile bu faktorlere bagli olarak
calismalar arasinda verim farklar1 olusmustur.

Italyan ¢iminde kuru ot verimini Aktar ve ark. (2021) 484 — 746 kg da %, Ding (1995) 584.43 — 415.13 kg da-
! Ince (2000) 314 — 567.3 kg da!, Kamac1 (2022) 800.3 -1339.0 kg da* arasinda bulmuslardir. Yazlik ekim
yaptigimiz ¢alismamizdan elde ettigimiz sonuglar arastirmacilarin ¢ogunun sonuglarindan daha diisiik ¢ikmistir.
Diisiik olmasinda nedeni olarak serin iklim bitkisi olan Italyan ¢iminde kullandigimiz gesitlerin yazlik ekimden
olumsuz etkilenmesi gosterilebilir.

3.5. Kuru madde oram

Arastirmada sonuglart incelendiginde ekim zamanlarinin, gesitlerin ve ekim zamani x gesit interaksiyonun kuru
madde (KM) oranina etkisi istatistiki olarak p<0.01 seviyesinde 6énemli bulunmustur. Ortalamalar arasindaki
farklarin 6nem diizeyini belirlemek igin AOF testi yapilmus, kuru madde oranina iliskin ortalama degerler ve AOF
gruplar1 Tablo 8’de verilmistir.

Ekim zamanlar1 ortalamalarina gore en yliksek kuru madde orani %28.65 ile 1 Temmuz’da hesaplanmis 1
Mayis (%25.21) ve 1 Haziran (%22.21) ekimleri takip etmistir. Cesit ortalamalar1 arasinda en yiiksek kuru madde
orant %30.73 ile TC2 de belirlemis ve TC1 (%28.48) ile aym1 6nemlilik grubunda yer almistir. En diisiik kuru
madde orani ise %20.68 ile ICC1 de hesaplanmis ve ICC2 (%21.52) ile arasindaki fark énemsiz ¢ikmustir. Cesit
ortalamalarina baktigimizda genel olarak Tef Cesitlerinin kuru madde oranlar1 italyan ¢imi gesitlerinin kuru madde
oranlarimin oldukga tlizerinde ¢ikmistir. Ekim zamani x ¢esit interaksiyonunda kuru madde orani %14.73 — %32.14
(1 Haziran x ICC — 1 May1s x TC2) arasinda degismistir.

Ekim zamanlar1 ortalamalarina gore en yiiksek kuru madde orani %28.65 ile 1 Temmuz’da hesaplanmis 1
Mayis (%25.21) ve 1 Haziran (%22.21) ekimleri takip etmistir. Cesit ortalamalar1 arasinda en yiiksek kuru madde
orani %30.73 ile TC2 de belirlemis ve TC1 (%28.48) ile ayn1 6nemlilik grubunda yer almistir. En diisiik kuru
madde orani ise %20.68 ile ICC1 de hesaplanmis ve ICC2 (%21.52) ile arasindaki fark énemsiz ¢ikmustir. Cesit
ortalamalarina baktigimizda genel olarak Tef cesitlerinin kuru madde oranlari italyan ¢imi gesitlerinin kuru madde
oranlarmin oldukga lizerinde ¢ikmistir. Ekim zamani x ¢esit interaksiyonunda kuru madde orani1 %14.73 — %32.14
(1 Haziran x ICC1 — 1 Mayis x TC2) arasinda degismistir.
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Tablo 8. Tef ve italyan cimi cesitlerin KM oramina iliskin ortalama degerler (%) ve AOF gruplart

Table 8. Aerage values and LSD groups of dry matter content (%) of teffgrass and Italian ryegrass cultivars

Ekim Zamam

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 29.93 ab 29.53 ab 25.98 bc 28.48 A
Tef Cesit2 (TC2) 32.14a 28.31ab 31.74 ab 30.73 A
italyan Cimi Cesitl (ICC1) 17.19de 14.73 e 30.13 ab 20.68 B
italyan Cimi Cesit2 (ICC2) 2157 cd 16.25 de 26.73 abc 21.52B
Ortalama 25.21B 22.21C 28.65 A 25.35

Tef bitkisinde kuru madde oranini1 Giiriin ve Geren (2019) %21.9 — 23.0 arasinda be Geren ve ark. (2019) 21.9
— 23.1 arasinda belirlemislerdir. Bu degerler ¢alismamizda buldugumuz degerlerden daha diisiiktiir. italyan
¢iminde kuru madde oranin1 Kamaci (2022) %21.9 — 26.4 arasinda ve Yalgin (2019) %35.6 — 43.0 arasinda
belirlemislerdir. Aragtirmamizdan elde ettigimiz kuru madde oranlari bu degerlerden daha diisiik ¢ikmustir.

3.6. Kuru madde verimi

Aragtirmada kuru madde verimine ekim zamanlarinin ve ¢esitlerin etkisi istatistiki olarak p<0.01 seviyesinde
onemli iken, ekim zaman1 x gesit interaksiyonunun etkisi p<0.05 seviyesinde 6nemli bulunmustur. Ortalamalar
arasindaki farklarin énem diizeyini belirlemek i¢in AOF testi yapilms, kuru madde verimine iliskin ortalama
degerler ve AOF gruplar1 Tablo 9°da verilmistir.

Tablo 9. Tef ve ftalyan ¢cimi cesitlerin KM verimine iliskin ortalama degerler (kg dat) ve AOF gruplart
Table 9. Aerage values and LSD groups of dry matter yield (kg da?) of teffgrass and Italian ryegrass

cultivars
Ekim Zamani Ortalama

Cesit 1 Mayis 1 Haziran 1 Temmuz
Tef Cesitl (TC1) 1782.6 ¢ 2176.2a 1335.0d 1764.6 A
Tef Cesit2 (TC2) 1833.2 bc 2137.8 ab 1864.8 abc 19452 A
Italyan Cimi Cesitl (ICC1) 733.2 ef 510.8 fg 22149 488.5B
italyan Cimi Cesit2 (ICC2) 952.6e 755.7 ef 2575¢ 655.3B
Ortalama 13254 A 1395.1 A 919.7B 12134

Ekim zamanlar ortalamalaria gore en yiiksek kuru madde verimi 1395.1 kg dat ile 1 Haziran ekiminden elde
edilmis ve 1 Mayis ekimi (1325.4 kg da™) ile ayn1 6nemlilik grubunda yer almustir (Tablo 9). En diisiik ise 919.7
kg da ! ile 1 Temmuz ekiminden elde edilmistir. Cesit ortalamalar1 arasinda en yiiksek kuru madde verimi 1945.2
kg da! ile TC2 den elde edilmis ve TC1 (1764.6 kg da™?) ile ayn1 6nemlilik grubunda yer almistir. En diigiik kuru
madde verimi ise 488.5 kg da* ICC1’den elde edilmis ve ICC2 (655.3 kg da) ile arasindaki fark dnemsiz
cikmistir. Ekim zaman1 x gesit interaksiyonunda kuru madde verimi 221.4 — 2176.2 kg da* (1 Temmuz x ICCI —
1 Haziran x TC1) arasinda degismistir. Ekim zamani x ¢esit interaksiyonuna baktigimizda serin iklim bitkisi olan
Italyan ¢imi ekimi geciktikce veriminde diisiisler olmustur. Ozellikle son ekim tarihi olan 1 Temmuz’da ekilen
Italyan ¢imi verimleri 221.4 kg da* (ICC1) ve 257.5 kg da~* (ICC2) kadar diismiistiir. Tef bitkisinde ise farkli bir
durum goriilmiistiir. En yiiksek verimler 1 Haziran tarihinde yapilan ekimlerden 2176.2 kg da* (TC1) ve 2137.8
kg da! (TC2) almmistir. Genel beklenti vejetasyon siiresi uzadikga yesil ot veriminin artmasi seklindedir. Ancak
yiiriitiilen bu ¢alismada ekim zamanlar1 arasinda iki aylik bir siire olmasina ragmen TC2’de 1 Temmuz ekimlerinin
verimi 1 Mayis ekimindeki veriminden yiiksek ¢ikmistir. Yine TC1’de 1Temmuz ekiminde oldukga iyi bir verim
almmustir. Orta Anadolu kosullarinda 1 Temmuz’da ikinci {iriin ekim tarihinde Tef ¢esitleri oldukga iyi kuru madde
verimi vererek ikinci liriin olarak ekilebilme potansiyelini ortaya koymustur. Serin iklim bitkisi olan ve ¢alismada
kullanilan Ttalyan ¢imi cesitleri igin ise yazlik ekimlerinin uygun olmadigini sdyleyebiliriz.

Tef bitkisinde kuru madde verimini Giiriin ve Geren (2019) 660 — 812 kg da* arasinda ve Geren ve ark. (2019)
635 — 816 kg da! belirlemislerdir. Calismamizda ise tef gesitlerinin ortalama kuru madde verimleri (1764.6 —
1945.2 kg da!) arastirmacilarin sonuglarmdan oldukca yiiksek ¢ikmistir. Bunda kullanilan cesitleri, calismalarin
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yiiriitiildiigii bolgelerin ve uygulamalarmn farklilig: etkili olmustur. italyan ¢ciminde kuru madde verimimiz Kamaci
(2022)’nin sonuglarindan (160.7 — 375.9 kg da*) daha yiiksek iken Ozdemir (2017) ’in sonuglarindan (518.9 —
1773.9 kg da?) ve Cetin (2017)’in sonuglarindan (781.9 — 1222.6 kg da') daha diisiik ¢tkmistir. Bunun nedeni
calisma konularindaki farkliliklardan kaynaklanmis olabilir.

3.7. Ham Protein Oram

Arastirmada ekim zamanlarinin, ¢esitlerin ve ekim zamani x ¢esit interaksiyonun ham protein (HP) oranina
etkisi istatistiki olarak p<0.01 seviyesinde onemli bulunmustur. Ortalamalar arasindaki farklarin 6nem diizeyini
belirlemek icin AOF testi yapilmis, ham protein oranma iliskin ortalama degerler ve AOF gruplar1 Tablo 10°da
verilmistir.

Tablo 10. Tef ve italyan cimi cesitlerin HP oranina iliskin ortalama degerler (%) ve AOF gruplart

Table 10. Aerage values and LSD groups of crude protein rate (%) of teffgrass and Italian ryegrass cultivars

Ekim Zamam

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 6.12 g 6.88 f 8.55d 7.18B
Tef Cesit2 (TC2) 6.229 6.43 fg 7.92¢ 6.86 C
italyan Cimi Cesitl (ICC1)  11.19a 11.04 a 9.45¢ 10.56 A
italyan Cimi Cesit2 (ICC2) 10.75a 10.95 a 10.15b 10.62 A
Ortalama 857B 8.82 AB 9.02A 8.80

Ekim zamanlar1 ortalamalarina gére en yiiksek kuru madde orani %9.02 ile 1 Temmuz’da belirlenmis bunu 1
Haziran (%8.82) ve 1 Mayis (%8.57) ekimleri takip etmistir. Ekim tarihleri yaza dogru kaydik¢a ham protein
oranlarinda artislar goriilmiistiir. Cesit ortalamalar1 arasinda en yiiksek ham protein oram %10.62 ile ICC2’de
belirlemis ve ICC1 (%28.48) ile ayn1 6nemlilik grubunda yer almistir. En diisiik ham protein oran1 ise %6.86 ile
TC2 de hesaplanmig ve TC1 (%7.18) ile arasindaki fark dnemsiz ¢ikmistir. Cesit ortalamalarina baktigimizda
genel olarak Italyan ¢imi cesitlerinin ham protein oranlar1 Tef cesitlerinin kuru madde oranlarimin iizerinde
cikmigtir. Ekim zamani x gesit interaksiyonunda ham protein orani %6.12 — %11.19 (1 Mayis x TC1 — 1 Mayis x
ICC1) arasinda degismistir. italyan ¢imi cesitlerinin ham protein oram ekim zamani geciktikce cok fazla
degismemistir. Ancak Tef ¢esitlerin ekim zaman1 geciktik¢e ham protein oranlarinda anlamli artiglar olmustur. Tef
gesitlerinde en yiiksek ham protein oranlar1 1 Temmuz ekimlerinden elde edilmistir.

Tef bitkisinde am protein oranini aragtirmacilardan Sang-Hoon ve ark. (2015) 8.21 — 9.52, Davison ve ark.
(2011) %8.1-15.0, Uke (2016) %6.57-13.35, Tanik (2020) %15.64-18.82, Kakabouki ve ark. (2020) %14.2-18.9,
Giiriin ve Geren (2019) %11.9-13.0, Geren ve ark. (2019) %11.9 — 13.0 ve Kaplan ve ark. (2016) 6.57 — 13.35
arasinda belirlemislerdir. italyan ¢iminde ham protein oranmi Aktar (2019) 10.03 — 12.13, Ozdemir (2017) %12.65
—18.34, Acar (2020) %11.21 — 15.47, Kamac1 (2022) %8.9 — 15.5, Lale (2020) %14.63 — 21.13 ve Akgiil
(2001) %14.38 — 20.84 arasinda bulmuslardir. Caligma sonuglarimiz ile bazi arastirmacilarin sonuglari benzer,
bazilariin sonug¢larindan daha diisiik veya yiiksek olmustur. Bunun nedeni ham protein oranina etki eden c¢esit,
cevre kosullari, sulama, giibreleme, ekim sikligi, gelisme donemi gibi tarimsal uygulamalardaki farkliliklar
gosterilebilir.

3.8. Ham protein verimi

Aragtirmada ekim zamanlarinin, gesitlerin ve ekim zamani x ¢esit interaksiyonun ham protein verimine etkisi
istatistiki olarak p<0.01 seviyesinde onemli bulunmustur. Ortalamalar arasindaki farklarin 6nem diizeyini
belirlemek igin AOF testi yapilmis, ham protein verimine iliskin ortalama degerler ve AOF gruplar1 Tablo 11°de
verilmistir.

Ekim zamanlari ortalamalarma gore en yiiksek ham protein verimi 106.3 kg dat ile 1 Haziran ekiminden elde
edilmis ve 1 Mayis ekimi (101.6 kg da’?) ile aym énemlilik grubunda yer almistir (Tablo 11). En diisiik ise 77.2
kg da?ile 1 Temmuz ekiminden elde edilmistir. Cesit ortalamalar: arasinda en yiiksek ham protein verimi 132.9
kg dalile TC2’den elde edilmis ve TC1 (124.0 kg da?) ile aym énemlilik grubunda yer almigtir. En diisiik ham
protein verimi ise 53.0 kg da ! ICC1°den elde edilmis ve ICC2 (70.2 kg da ) ile arasindaki fark dnemsiz ¢ikmustir.
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Ekim zamani x gesit interaksiyonunda ham protein verimi 20.9 — 149.7 kg da* (1 Temmuz x ICC1 — 1 Haziran x
TC1) arasinda degismistir. Yazlik ekim kosullarinda tropik kékenli tef bitkisi serin iklim bitkisi olan Italyan
¢iminden daha fazla yesil ot, kuru madde orani, kuru madde verimi vermistir. Tef ¢esitlerinin ham protein orani
Italyan ¢imi gesitlerinden daha diisiik olsa da kuru madde veriminin yiiksekligi nedeni ile toplam ham protein
verimi daha fazla ¢ikmistir. Ozellikle 1 Temmuz ekim tarihinde Tef ¢esitlerinin ham protein verimleri italyan ¢imi

¢esitlerinin ham protein verimlerinden ¢ok fazla olmustur. Bu sonucglara gore Tef gesitleri optimum iklim
kosullarinda kisa vejetasyon siirelerinde bile tatmin edici ham protein verimi vermektedir. Serin iklim bitkisi olan
ve ¢alismada kullanilan italyan ¢imi gesitleri icin ise yazlik ekimlerinin uygun olmadigimi sdyleyebiliriz.

Tablo 11. Tef ve Italyan ¢imi cesitlerin HP verimine iligkin ortalama degerler (kg da) ve AOF gruplart
Table 11. Aerage values and LSD groups of CP yield (kg da?) of teffgrass and Italian ryegrass cultivars

Ekim Zamam

Cesit 1 Mayis 1 Haziran 1 Temmuz Ortalama
Tef Cesitl (TC1) 108.3 bed 149.7 a 114.1 b 1240 A
Tef Cesit2 (TC2) 113.8 bc 137.3 ab 1475a 1329 A
italyan Cimi Cesitl (ICC1)  82.0de 56.1 ef 209 ¢ 53.0 B
italyan Cimi Cesit2 (ICC2)  102.3cd 82.1de 26.1 fg 70.2B
Ortalama 101.6 A 106.3 A 77.2B 95.0

Tef bitkisinde ham protein verimini Tamk (2020) 118.2 — 180.8 kg da! arasinda belirlemistir. Bu sonuglar
aragtirma sonuglarimiz ile yakin bulunmustur. italyan ¢iminde ham protein verimini aragtirmacilardan Akgiil
(2001) 30.83 — 79.89 kg da %, Cetin (2017) 91.6 — 172.5 kg da*, Pak Oriin (2019) 57.6 — 121.4 kg da*, Colak
(2015) 36.12 - 68.18 kg da*, Ozdemir (2017) 49.3 — 266.9 kg da* ve Yalgin (2019) 66.25 — 80.66 kg da* arasinda
degistigini tespit etmislerdir. Caligma sonuclarimiz arastirmacilarin bazilarinin sonuglar1 ile benzer iken,
bazilarinin sonuglarindan daha diisiik veya yiiksek olmustur. Bunun nedenleri arasinda bitki boyuna etki eden gesit,
cevre kosullari, sulama, giibreleme, ekim siklig1 gibi tarimsal uygulamalardaki farkliliklar olabilir.

4. Sonuglar ve Oneriler

Sicak kosullarda hizli bir sekilde biiyiiyen tef ekimden kisa bir siire sonra bigim olgunluguna gelmekte, iklim
kosullarma gore birden ¢ok bigilebilmektedir. Tropik kokenli tef bitkisine son yillarda ilgi artmis ve Tiirkiye’de de
yavag yavas ekilmeye baslanmistir. Konya bolgesinde bu bitkinin verim potansiyelinin ve tarimsal uygulamalarmin
gelistirilmesine ihtiya¢ vardir. Bu nedenle Konya bolgesinde Tef bitkisinin verim potansiyelini gormek ve ekim
zamanlarina gore verim ve kalitesini belirlemek amaciyla bu ¢alisma yapilmistir. Bolge tariminda tef bitkisinin yer
alabilmesi i¢in ayni amag i¢in kullanilan mevcut tarimi1 yapilan bitkilere gore artilarinin olmasina baghidir. Caligmada
meveutta ekimi yapilan Italyan ¢imi ile bolgemiz i¢in yeni bir bitki olan tef bitkisinin farkli zamanlarda ekimlerine
gore verim ve kaliteleri kiyaslanmis, dzellikle sicak yaz doneminde gelisimi yavaslayan italyan ¢imi yerine tef
bitkisinin kullanilabilme potansiyeli ortaya konmugtur. Calismadan elde edilen sonuglar asagida verilmistir.

Incelenen tiim &zellikler iizerine ekim zamany, gesitler ve ekim zamam x gesit interaksiyonu énemli olmustur. Tef
bitkisi ile Italyan ¢iminin bitki boyu genel olarak birbirine yakinken, italyan ¢iminin sap kalinlig tef bitkilerinden daha
fazla olmustur.

Calismada ekim tarihleri yazlik ekime gore secilmistir. Bu nedenle yazlik bir tiir olan tefin verimleri daha yiiksek
cikmustir. Cesitlerin {i¢ bigim ortalamasina baktigimizda ¢caligmada kullanilan iki Tef ¢esidinin ortalama verimi 6269.2
kg da* ((6140.2 + 6398.1) / 2) iken Italyan ¢imi gesitlerinin ortalama verimi 3097.0 kg da* ((2829.6 + 3364.4) / 2)
olmustur. Tef gesitleri Italyan ¢imi cesitlerinin yesil ot veriminin yaklasik iki kat1 verim vermistir. Ozellikle 1
Temmuz’da yapilan ekimlerde bu fark 6-7 kata kadar ¢ikmaktadir. Sicak iklim bitkisi olan tef dogal olarak yaz
ekimlerinde acik bir sekilde italyan ¢iminden daha fazla yesil ot verimi vermektedir. Genel olarak vejetasyon siiresi
arttik¢a yesil ot veriminin artmasi beklenmektedir. Ancak yiiriitiilen bu ¢alismada ekim zamanlari arasinda iki aylik
bir siire olmasina ragmen Tef ¢esitlerinin 1 Mayis ve 1 Temmuz verimleri birbirine yakin ¢ikmustir. Bu sonuglara gore;
Tef ¢gesitleri optimum iklim kosullarinda kisa vejetasyon siirelerinde bile tatmin edici yesil ot vermektedir. Serin iklim
bitkisi olan ve ¢alismada kullanilan italyan ¢imi cesitleri icin ise yazlik ekimlerinin uygun olmadigini soyleyebiliriz.

Kuru ot verimi agisindan baktigimizda Tef bitkisi Italyan ¢iminden daha verimli olmustur. Cesitlerin {i¢ bigim
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ortalamasina baktigimizda ¢alismada kullamlan iki Tef gesidinin ortalama kuru ot verimi 2031.7 kg da™ ((1934.2 +
2129.1) / 2) iken ltalyan ¢imi cesitlerinin ortalama kuru ot verimi 627.5 kg da* ((536.8 + 718.1) / 2) olmustur. Tef
cesitlerinin ortalama kuru ot verimi italyan ¢imi cesitlerinin kuru ot veriminin ii¢ katindan biraz fazla olmustur.

Kuru madde oranlari tef cesitlerinde Italyan ¢imi cesitlerinden daha yiiksek ¢ikmustir. Tef gesitlerin deneme
kosullarinda hem yesil ot veriminin yiiksek olmast hem de kuru madde oraninin yiiksek olmasi ¢arpan etkisi ile kuru
madde veriminin de italyan ¢iminden yiiksek olmasima neden olmustur. Cesitlerin ii¢ bi¢im ortalamasina baktigimizda
calismada kullanilan iki Tef ¢esidinin ortalama kuru madde verimi 1854.9 kg da* ((1764.6 + 1945.2) / 2) iken italyan
¢imi cesitlerinin ortalama kuru ot verimi 571.9 kg da* (488.5 + 655.3) / 2) olmustur. Tef gesitlerinin ortalama kuru
madde verimi Italyan ¢imi gesitlerinin kuru ot veriminin {i¢ katindan biraz fazla olmustur.

Ham protein analiz sonuglarina gore italyan ¢imi cesitlerinin ham protein oranlar1 (%10.56, %10.62) tef gesitlerinin
ham protein oranlarindan (%7.18, %6.86) daha yiiksek ¢ikmustir. Genel anlamda ham protein oran1 yoniinden Italyan
¢imi gesitleri Tef ¢esitlerine tercih edilebilir. Ancak ham protein verimi agisindan baktigimizda Tef ¢esitlerinin ham
protein orani diisiik olsa bile kuru madde verimlerinin yiiksek olmasina bagli olarak dekara ham protein verimleri
Italyan ¢imine gére oldukea yiiksek cikmustir.

Elde ettigimiz tiim sonuglari birlikte degerlendirdigimizde;
Orta Anadolu kosullarinda yazhik ekim tarihlerinde Tef cesitleri Italyan ¢imi cesitlerinden daha verimli olmaktadir.

Tef bitkisi Orta Anadolu kosullarinda ekimden 55-65 giin igerisinde bi¢im olgunluguna gelmektedir. Tef bitkisi
Orta Anadolu kosullarinda ikinci iiriin olarak 1 Temmuz’da ekildiginde bile iki kez bigilebilmekte ve iyi bir verim
verebilmektedir.

Cahismada kullamlan italyan ¢imi gesitleri icin 1 Mayis ve sonraki tarihlerde ekimlerinin diisiik verime neden
olmaktadir. Serin iklim bitkisi olan Italyan ¢iminin esitler dikkate alinarak daha erken ekilmesi uygun olacaktir.

Ulkemizde ¢ok fazla tef cesidi bulunmamaktadir. Daha fazla cesitle benzer ¢alismalarm yapilmasi uygun olacaktir.
Ayrica tef yetistiriciliginin gelistirilmesi i¢in sulama, giibreleme, ekim sikligi gibi tarimsal uygulamalarin denenmesi
gerekmektedir.

Tesekkiir

Bu ¢alisma Selcuk Universitesi tarafindan BAP 21201017 Nolu proje kapsaminda desteklenmistir.
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Estimation of Monthly, Seasonal and Annual Total Solar Radiation on the Tilted
Surface at Optimum Tilt Angles in Two Provinces, Turkiye

Tiirkiye’de Iki ilde Optimum Egim Agcilarinda Egimli Yiizeyde Aylik, Mevsimsel, Yillik
Toplam Giines Isiniminin Tahmini
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Abstract

In solar energy systems that use solar panels, it's important to know the best tilt angle to optimize solar energy
production. Monthly, seasonal, and annual optimum tilt angles were determined in this study using meteorological
insolation data from many years in the provinces of Tekirdag and Konya, which are located in different regions of
Turkey. At optimum tilt angles, monthly, seasonal, and annual total radiation on the tilted surface were 1516.7
kWh m-2year?, 1504.1 kWh m2 year!and 1448.1 kwh m? yearin Tekirdag, respectively. In Konya, these values
were 1851.4 kWh m2 year?, 1833.51 kwWh m2 year-tand kWh m2 year, respectively. In the seasonal and annual
optimum tilt angles, there was an approximately 1% and 5% loss in the total radiation values on the tilted surface,
respectively, according to the monthly optimum tilt angle. In addition, the coefficients of the relationship between
the monthly mean daily radiation on the tilted surface and the tilt angles were determined for each month using
the cubic regression model in both provinces. The Cubic regression model coefficients are computed for each
month in the provinces of Tekirdag and Konya. All months in both provinces had R? (Coefficient of determination)
values of 0.999 for the Cubic model. To determine whether there is a difference between the total amounts of
radiation reaching the tilted surface for each month at the best tilt angles obtained by the two methods, the t-test
was used. The monthly average daily radiation values on the tilted surface obtained by the two methods at the best
tilt angles in both provinces have not been found to differ statistically (p>0.05; t=0.001).
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Oz

Giines panelleri kullanilan gilines enerjisi sistemlerinde, giines enerjisi liretimini optimize etmek i¢in panellerin
konumlandirilacagi yerde monte edilirken kullanilacak, en iyi eg§im acisini bilmek 6nemlidir. Bu calismada
Tiirkiye'nin cografi olarak farkli bolgelerinde yer alan Tekirdag ve Konya illerinde uzun yillara ait meteorolojik
giineslenme verileri kullanilarak aylik, mevsimsel ve yillik optimum giines paneli egim acilart belirlenmistir.
Tekirdag ili i¢in hesaplanan optimum egim agilarinda, egimli yiizeydeki aylik, mevsimsel ve yillik toplam giines
igtnimu strastyla 1516.7 m2 yilt, 1504.1 kWh m? yil'? ve 1448.1 m? yil! olmustur. Konya ili i¢in yapilan
hesaplamalarda ise bu degerler sirastyla 1851.4 m2 y1l™t, 1833.51 m2 y1l™t ve 1754.7 m™2 y1l'? olarak bulunmustur.
Mevsimsel ve yillik optimum egim agilarinda, egimli yiizeyde elde edilen toplam giines 151n1m1 degerlerinde aylik
optimum egim agisina gore sirasiyla yaklagik %1 ve %S5 oraninda kayip oldugu goriilmiistiir. Ayrica egimli
yiizeydeki aylik ortalama giinliik 151mim ile panel egim agilar arasindaki iliskinin katsayilar1 her ay igin kiibik
regresyon modeli kullanilarak belirlenmistir. Kiibik regresyon modeli katsayilar1 Tekirdag ve Konya illerinde her
ay icin ayr1 ayri hesaplanmustir. Kiibik regresyon modeli i¢in her iki ilde de tiim aylarm R? (Determinasyon
Katsayisi) degeri 0,999'dur. Yiiksek R? degeri segilen modelin bagimsiz degiskeni olan panel egim acilarindaki
varyansin, bagimli degisken olan egimli yiizeydeki aylik ortalama giinliik 151n1min sahip oldugu varyansin 99.9%'
unu aciklayabildigini gostermektedir. iki yontemle elde edilen en iyi egim acilarinda egimli yiizeye aylara gore
ulagan toplam giines 1gimmi miktarlar1 arasinda fark olup olmadigimi belirlemek igin t-testi kullanilarak
karsilagtirma yapilmistir. Her iki ilde en iyi egim acgilarinda iki yontemle elde edilen egimli yiizeydeki aylik
ortalama giinliik giines 1smnim1 degerleri istatistiksel olarak farklilik gostermemistir (p>0,05; t=0,001).

Anahtar Kelimeler: Giines Isinimi, Uzay Isinimi, Egik Yiizey, Optimum Egim Agisi, Kiibik Regresyon Modeli
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1. Introduction

Determining the optimum tilt angle of the solar panel in a region where a solar energy system will be installed
is an important parameter in terms of energy efficiency (Altan et al., 2021; Diken and Kayisoglu, 2022). The
technical staffs who install the system generally ignore the optimum tilt angle and determine it according to the
criteria, which are not based on scientific basis. The most efficient way to benefit from solar energy in solar panels
is to use solar tracking systems. In a study, it was stated that when solar tracking systems are used, there is a 43.87%
more daily total energy gain than fixed systems (Abdallah, 2004). Tomson (2008) stated that seasonal energy yield
increased 10-20% of collectors which are used the two-positional tracking system. However, solar tracking
systems are fairly costly and are more cost-effective when utilized in solar power plants where solar energy is
utilized extensively (Despotovic and Nedic, 2015). Thus, they are not advised for use in smaller solar panel
installations (Mousazadeh et al., 2009). Determining the annual, seasonal or monthly optimum tilt angles in
relatively small panel systems where solar tracking systems are not economical gains importance in terms of
increasing the amount of energy collected on the tilted surface of collector. For this purpose, a lot of research has
been done and numerous models have been used. Gong and Kulkarni (2005) stated in their research that the
optimum tilt angle is close to site's latitude degree in conditions where the azimuth angle is zero, but it is lower in
some cases. Using a mathematical model, the total solar radiation on the tilted PV (Photovoltaic) surface was
estimated, and the optimal tilt angles for a PV panel installed in Sanliurfa, Turkey were determined. Researchers
stated that the optimum tilt angle of PV panels for Sanliurfa is 14° (Kacira et al., 2004). In a study conducted in
China, optimum tilt angles were determined for 30 cities by using the actual monthly global and diffuse radiation
values on horizontal surface of 152 settlements (Tang and Wu, 2004). In a study investigating the performance of
PV systems placed at different angles in Brisbane, Australia, it was stated that the theoretical optimal tilt angle
was approximately 26° facing true North (Yan et al., 2013). Using annual optimal tilt angles as opposed to monthly
optimum tilt angles resulted in projected energy losses of 5.68 percent for Aligarh and 4.91 percent for New Delhi.
Based on the study, it was suggested that the inclined surface be tilted at the optimal monthly or seasonal tilt angle
for optimal solar energy generation (Jamil et al., 2016). Vieira et al. (2016) in their experimental study, they stated
that there is a low average energy gain in panels using solar tracking system compared to fixed panels.

There are numerous models for estimating the total radiation incident on the tilted surface with the help of
global radiation incident on the horizontal surface. In most of these models, direct, diffuse and reflected radiation
predictions are made (Muzathik et al., 2011). There are also many empirical models developed using available
meteorological data in order to calculate total radiation on the tilted surface (Psiloglou and Kambezidis, 2007).
Using the data obtained from the Turkish State Meteorological Service, Bakirci (2009) used 7 models to estimate
the monthly average daily amount of global radiation in many provinces, Turkey, and compared them.

In this study, it was aimed to determine the monthly, seasonal and annual optimum tilt angles by using monthly
average daily radiation data obtained from the Turkish State Meteorological Service in Tekirdag and Konya
provinces, Turkey. Tekirdag is in the Thrace region in the northwest of Turkey. Konya is in the Central Anatolian
region. Intensive industrial and agricultural activities are carried out in both provinces and there is a large amount
of energy consumption. In addition, the relationship between the angle of tilt and the monthly average daily total
radiation on the tilted surface was also investigated for each month.

2. Materials and Methods

Latitudes, longitudes and altitudes of provinces where this research was conducted are given in Table 1.
Tekirdag is on the west and coast of the Marmara Sea. Konya is quite far from the sea and is located in the Central
Anatolian region.

Table 1. Laritudes, longitudes and altitudes of provinces

City Latitude (°) Longitude (°) Altitude (m)
Tekirdag 40.98 27.52 37
Konya 37.87 32.48 1023
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The daily extraterrestrial radiation on horizontal surface on northern hemisphere has been calculated by the
equation given below (Eg. 1) (Duffie and Beckman, 1991; Tiirk Togrul and Onat, 1999);

H, = @* (cos dcos ¢ sin wg +%sin Jsin ¢) (Eq.1).

Where, H,is the Daily extraterrestrial radiation on horizontal surface (kwh m2 day™), G, is the solar
constant (1367 W m2), k is the eccentricity correction factor and calculated the equation (Eq. 2) given below;

360n
k= (1+0.033cos27) (Eq.2).
Where, n is the number of the day of the year starting from the first of January.

Sunset hour angle is calculated by the following equation (Eq. 3) (Cooper, 1969; Yorukoglu and Celik,
2006);

s = cos™1(—tan Stan ¢) (Eq.3).
Where; w;is the sunset hour angle (°), dis the declination angle (°) and ¢ is the latitude of site (°).

The declination angle is calculated with the following equation (Eg. 4) in the northern hemisphere according
to certain days of the year (Cooper, 1969; Ertekin and Yaldiz, 1999);

5= 23.45  sin (360 Z222) (Eq.4).

The calculated average declination and hour angles for days specified in Table 2 have been used to calculate
the monthly average daily radiation on the tilted surfaces (Mehleri et al., 2010; Bakirci, 2012).

Table 2. Recommended average declination and hour angles for each month in the northern hemisphere

Month Day n 6(° w; ()
January 17 17 -20.92 70.6
February 16 47 -13.00 78.4
March 16 75 -2.40 87.9
April 15 105 9.40 98.3
May 15 135 18.80 107.2
June 11 162 23.10 111.8
July 17 198 21.20 109.7
August 16 228 13.50 102.0
September 15 258 2.20 91.9
October 15 288 -9.60 81.5
November 14 318 -18.90 72.7
December 10 344 -23.00 68.3

Many models have been developed to determine the amount of diffuse radiation using the monthly daily global
solar radiation. In this study, the model developed by Erbs et al. (1982) was used. In this model, after calculating
the monthly daily average clearness index using monthly average values, cubic relations between diffuse radiation
and global radiation reaching the earth are developed. The average clearness index has been calculated for each
month as below (Eq. 5) (Duffie and Beckman, 1991);

K, = "o
Ky = o (Eq.5).

Where; H, is the montly daily average global radiation on horizontal surface (kWh/mZ2.day), H, is the monthly

daily average extraterrestrial radiation (kWh m-2 day).

The monthly daily average global radiation values on the horizontal surface obtained from the Turkish State
Meteorological Service for the period between 1991 and 2020 have been used in this research. The monthly

715



Onler & Kayisoglu
Estimation of Monthly, Seasonal and Annual Total Solar Radiation on the Tilted Surface at Optimum Tilt Angles in Two Provinces, Turkiye

average daily global radiation data on the horizontal surface of Tekirdag and Konya provinces are given in Figure
1. Maximum monthly average daily radiation values on the horizontal surface in Tekirdag and Konya provinces
are 5.97 kwWh m2 day! in June and 6.81 kwWh m2 day in July, respectively.
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Figure-1. The monthly average daily global radiation values on the horizontal surface

In the model used in this study, two different equations (Eq. 6-7) have been developed depending on limit
values of the sunset hour angle with clearness index.

At the boundary conditions @, <81.4° and 0.3<K;<0.8;

% =1.392 — 3.560K; + 4,189K,° — 2.137K;" (Eq.6).
g

At the boundary conditions o, > 81.4° and 0.3<K;<0.8;

? =1.311 — 3.022K, + 3.427K;” — 1.821K;” (Eq.7).
g

In Eq6 and Eq7, H, is the monthly daily average diffuse radiation on the horizontal surface (kwh m-2? day).
The average monthly daily beam radiation on horizontal surfaces has been computed as follows (Eqg. 8);

H, =H, — H, (Eq.8).
Where; Hy, is the monthly daily average beam radiation on the horizontal surface (kWh m-2 day™).

The total amount of radiation coming to the tilted surface has been calculated using following equation (Eq. 9)
(Liu and Jordan, 1960; Liu and Jordan, 1963);

Ae = H,Ry + Ay (B520) + Hyp, () (Eq.9).

Where; H is the monthly daily average total radiation on tilted surface (kWh m day™), R, is the geometric
angle factor, gis the collector tilt angle and Py is the surface reflection rate. Assuming that the tilted surface is on

the ground, the reflection ratio (pg) is taken as 0.14.

R, for surfaces sloped towards the southern in the northern hemisphere is calculated by following equation (Eq.
10) (Yakup and Malik, 2001);
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R, = (Eq.10).

Where; w; is the monthly averaged daily mean sunset hour angle for the tilted surface and calculated as follows
(Eq. 11);

o}, = min{w,| cos (- tan(¢ — ) tan 9)} (Eqg.11).
In the above equation, whichever of the values to the left and right of the separator is smaller is taken as y.

For each month, the monthly average daily total radiation values coming to the tilted surface between 5 and 85
degrees with 5-degree intervals were calculated. With the help of the calculated monthly average daily radiation
values, the monthly, seasonal and annual total radiation values on the tilted surface were calculated for each tilt
angle. The tilt angles with the highest total radiation value on the tilted surface were accepted as the optimum tilt
angle.

In addition, the regression relations between the monthly average daily total radiation values on the tilted
surface (H,) and the angle of tilt (B) investigated. Among the models examined, the most appropriate one was the
cubic regression model. In this model, it has been observed that there is a very close relationship between the total
radiation on the tilted surface and the tilt angle (R>=~1).

The Cubic regression equation (Eg. 12) is given below;
He=a+b, S+ b2+ b33 (Eq.12).
The coefficients in the Cubic regression model were calculated with the SPSS ver.18 package program.

Optimum monthly slope angles obtained by the derivative of the cubic regression model (Eq.12) were
compared with the monthly optimum slope angles obtained from meteorological data (Eg. 13) (Jamil et al., 2016);

diﬂ(ﬁc) =0 (Eq.13).

3. Results and Discussion

The monthly daily average extraterrestrial radiation, beam and diffuse radiation values on horizontal surface
and clearness indexes of two cities have been given in Table 3. It was observed that the clearness index was higher
in Konya than Tekirdag in all months. While the clearness index was higher in the summer months in both
provinces, it was lower in the winter months.

Table 3. The monthly daily average extraterrestrial, beam, diffuse radiation values (kwh/m?.day) and
clearness indexes

Month _ _ Teklrtiag _ _ _ Konya_ _

H, Hy Hy Ky H, H, Hy Kr
January 406 0.689 0.811 0.37 4.59 1.060 0.920 0.43
February 554 1128 1.112 0.40 6.04 1.350 1.210 0.42
March 750 1606 1.614 0.43 7.89 2.557 1.673 0.54
April 955 2.402 2.058 0.47 9.77 3.125 2.075 0.53

May 11.01 3.254 2356 0.51 11.07 3.997 2.303 0.57
June 11.61 3.489 2481 0.51 11.59 4.398 2.382 0.59
July 11.29 3386 2414 0.51 11.31 4.519 2.291 0.60
August  10.11 3.180 2.150 0.53 10.27 3.948 2.102 0.59

September 8.23 2376 1.764 0.50 8.56 3.381 1.739 0.60

October 6.12 1501 1.319 0.46 6.58 2.361 1.369 0.57
November 4.41 0.807 0.883 0.38 4.93 1.385 0.975 0.48
December 3.67 0.479 0.721 0.33 4.20 0.928 0.842 0.42
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Monthly average geometric angle factors according to tilt angles in all months have been seen in Figure 1.
Geometric angle factors were higher in summer than winter months. While the geometric angle factors decreased
as the tilt angle increased in winter months, they increased up to 65-70 degrees tilt angle in summer months and
started to decrease after.

Tekirdag Konya
3,00 250
2,50
2,00 ——
S 2,0 -
1,50
1,50
1,00
1,00
0,50 0,50
0,00 0,00
5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Tilt angels, B(°) Tilt angels, B(°)
=4—January ==February =—March == April =s==May =@=June ==t=July August September == October == November December

Figure 2. Monthly average geometric angle factors (R})

Depending on the optimum tilt angles, the total radiation values coming to the tilted surface for each month
are calculated and given in Table 4. Optimum tilt angles in all months were the same in both provinces. In Tekirdag
and Konya, the maximum monthly total radiation values on the tilted surface were 179.9 kWh m?2 month and
210.7 kWh m2 month™, respectively, in July. Monthly total radiation values on tilted surface were higher in Konya
province in all months.

Table 4. Monthly total radiation on tilted surface (kwh m month) and optimum tilt angles (9

Tekirdag Konya
Months
HC,m Bort HC,m ﬁort
January 75.8 60 1004 60
February 87.5 50 96.7 50
March 1158 35 1541 35
April 1399 20 1624 20
May 174.6 5 195.8 5
June 178.6 5 202.4 5
July 179.9 5 210.7 5
August 1695 15 1914 15
September 1396 30 1727 30
October 116.0 45 1558 45
November 79.6 55 114.8 55
December 60.0 60 94.3 60
Total (kwWh/m2.year) 1516.7 1851.4

Annual and seasonal total radiation on tilted surface at optimum tilts angles have been given Table 5. While
the annual optimum tilt angles were different in the two provinces, the seasonal optimum tilt angles were the same.
In Tekirdag province, the total radiation on tilted surface at annual and seasonal tilt angles decreased 4.5% and
0.8% according to monthly tilt angle, respectively. This decrease was 5.2% and 1.0%, respectively, in Konya
province (Figure 2).
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Table 5. Annual and seasonal total radiation on tilted surface (kWh m2) and optimum tilts angles (%)

Annual Seasonal
City Spring Summer Autumn Winter Total
H C.an ﬁ ort H C,sp B ort H C,sm B ort H C,au B ort H c,wn B ort H C,sea
Tekirdag 14484 25 4244 20 526.0 5 331.0 45 222.8 55 1504.1
Konya 17547 30 5031 20 603.0 5 436.9 45 290.5 55 1833.5

2000 +

1851,4 18335

1800 - 1754,7

1600 - 1516,7 1504,1
1448,4

1400 +
1200 -

1000 - H Monthly

H Seasonal
800 |

Annual
600 |

Total radiation on the tilted surface
(kwh/m?)

400 -

200 4

Tekirdag Konya
Provinces

Figure 3. Monthly, seasonal and annual total radiation values on the tilted surface at optimum tilt angles.

In Tekirdag and Konya province, the Cubic regression model coefficients calculated for each month are given
in Table 6. R? values of Cubic model were 0.999 in all months in both provinces. The distribution of the monthly
daily average total radiation values on tilted surface according to the months depending on the tilt angles have
been calculated by the Cubic regression model and given in the Figure 3.

Table 6. Coefficients of the Cubic regression model in Tekirdag and Konya

Month Tekirdag Konya
a constant bs b2(x10%) b3 (x107) aconstant b: b2 (x104) b3 (x107)

January 1491 0.0306 -2.19 -4.11 1.968 0.0414 -3.04 -5.34
February 2.229 0.0345 -3.23 -2.07 2.547 0.0371 -3.73 -1.32
March 3.207 0.0300 -4.41 3.73 4.212 0.0428 -6.24 5.08
April 4.444 0.0225 -5.90 17.60 5.180 0.0256 -7.20 15.20
May 5.588 0.0114 -7.01 20.30 6.274 0.0107 -8.22 25.60
June 5.944 0.0039 -7.11 23.90 6.749 0.0017 -8.52 31.00
July 5.776 0.0073 -7.07 22.30 6.779 0.0063 -8.83 30.10
August 5.309 0.0212 -7.11 16.70 6.026 0.0223 -8.39 21.00
September 4,122 0.0348 -5.92 7.10 5.099 0.0441 -7.70 9.48
October 2.807 0.0393 -4.09 -1.05 3.711 0.0555 -5.81 -1.17
November 1.681 0.0324 -2.46 -3.97 2.345 0.0493 -3.75 -5.89
December 1.193 0.0236 -1.67 -3.29 1.759 0.0399 -2.74 -5.76
Mean 3.649 0.0243 -4.86 7.65 4.387 0.0314 -6.19 9.87

Optimum tilt angles calculated for each month with the meteorological solar radiation data and the cubic
regression model are given in Table 7. The t-test was applied to investigate whether there is a difference between
the total amounts of radiations coming to the tilted surface for each month at the optimum tilt angles obtained by
the two methods. It has been observed that there is no statistically significant difference between the monthly
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average daily radiation values on the tilted surface obtained by the two methods at optimum tilt angles in both

provinces (p>0.05; t=0.001).

Figure 4. The monthly average daily total radiation values on tilted surface according to the months
depending on the tilt angles

Table 7. Optimum tilt angles calculated with solar radiation data (8

4, Conclusions

optmd) and the cubic regression model

Boptem):
Tekirdag Konya
Months
ort,md B ort,cm B ort,md B ort,cm

January 60 59.8 60 58.9
February 50 50.9 50 48.5
March 35 35.6 35 35.9
April 20 21.1 20 18.9
May 8.4 5 6.7
June 5 2.8 5 1.0
July 5 5.3 5 3.6
August 15 15.8 15 14.0
September 30 31.1 30 30.3
October 45 47.2 45 47.1
November 55 57.8 55 57.8
December 60 60.0 60 61.1
Annual 25 26.7 30 27.1

In this study, monthly, seasonal and annual optimum tilt angles and total radiation values on the tilted surface
were determined by using meteorological data in the provinces of Tekirdag and Konya. In both provinces, it was
observed that there was no significant difference in the total radiation values coming to the tilted surface in monthly
and seasonal optimum tilt angles (~1%). At the annual optimum tilt angle, a decrease of approximately 5% was
observed in the total amount of radiation coming to the tilted surface compared to the monthly optimum tilt angle.
If solar energy systems with too many panels are taken into account, since the cost of adjusting the panels to the
optimum tilt angle every month will be quite high, it will be more economical to adjust the tilt angles seasonal if
possible. However, it is obvious that the cost of radiation losses on the tilted surface at the annual optimum tilt
angles will be less than the monthly cost of adjusting to the optimum tilt angles. For this reason, it can be
recommended to adjust the panel tilt angles to the annual optimum tilt angle in both provinces.
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Depending on the tilt angles of the existing panel systems, the monthly average daily total radiation coming to
the tilted surface can be estimated with the cubic model coefficients which are calculated in this study in both
provinces. It is also possible to use these coefficients in software to be developed to estimate the total radiation

amounts in panel systems in these provinces.
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Research on the morphological and molecular diagnosis of Hyalopterus pruni (Geoffroy)

Hyalopterus pruni (Geoffroy)'nin morfolojik ve molekiiler teshisi lizerine arastirma

Esra TAYATY, Nihal OZDER?
Abstract

Aphids are one of the most important groups of insects that cause damage to agricultural crops, ornamental plants,
as well as herbaceous and woody plants in their natural habitats. Aphids that feed on plant sap can cause significant
crop losses worldwide, ranging from 70% to 80%, due to stunted growth, deformation, wilting, and other
detrimental effects on plants. Despite the chemical, biological, and integrated pest management methods applied
against these damages, aphids have rapidly expanded their distribution areas and their damages have been
increasing in recent times. Hyalopterus Koch (Hemiptera: Aphididae), a genus of aphids, are known worldwide as
pests that infest Prunus trees, which are stone fruit trees. They cause damage by feeding on the trees and also by
transmitting plant viruses. Subsequently, improper and indiscriminate use of chemical control methods negatively
impacts both human and environmental health. Accurate identification of aphids, especially in terms of invasive
species, is crucial for early detection of their damages in the initial stages. The mitochondrial cytochrome ¢ oxidase
subunit | (COI) gene is an effective gene region used in the identification of many economically important plant
pests worldwide. In this study, a total of 50 individuals of Hyalopterus pruni (Geoffroy) were collected from three
localities Sarkdy (Ulaman, Bulgurlu, Golciikk, Cumhuriyet, Miirefte, Hoskdy, Gazikdy, Tepekdy, Palamut),
Siileymanpasa (Yiziinciliyll, Altinova, Banarli, Barboros, Biyikali, Cinarli, Degirmenalti, Ferhadanli, Hiirriyet,
Karacakilavuz, Karaevli, Naip, Namik Kemal and Marmaraereglisi (Bahgelievler, Cedit Ali Paga, Dereagzi,
Mustafa Kemal Pasa, Sultankoéy, Tiirkmenli, Yakuplu and Yenigiftlik) in Tekirdag province. The species H11,
H41, and H61, which were selected to represent three counties, were sequenced, and the molecular sequence results
revealed that H. pruni, as morphologically described, showed 99% consistency at the molecular level.

Keywords: Aphid, Hyalopterus pruni, COI, Molecular diagnosis, Tekirdag
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Tayat & Ozder
Research on the morphological and molecular diagnosis of Hyalopterus pruni (Geoffroy)

Oz

Yaprakbitleri tarim tirtinleri, siis bitkileri, otsu ve odunsu bitkilere zarar veren en dnemli bocek gruplarindan biridir.
Bitki 6zsuyu ile beslenen yaprakbitleri, bitkilerde bodulagsma, deformasyon, solma ve diger zararli etkileri
nedeniyle diinya ¢apinda %70 ila %80 arasinda degisen Onemli iiriin kayiplarina neden olmaktadirlar. Bu
zararlarina kars1 uygulanan kimyasal, biyolojik ve entegre zararli miicadele yontemlerine ragmen yaprakbitleri son
zamanlarda yayilma alanlarini hizla genisletmekte ve zararlarini arttirmaktadirlar. Hyalopterus Koch (Hemiptera:
Aphididae) cinsine ait tiirler sert ¢cekirdekli meyve agaglari olan Prunus agaglarini istila eden zararhlar olarak
diinya capinda bilinmektedir. Agaglarda beslenerek bitki virus vektorliigii yaparak zarar verirler. Yaprakbitlerini
dogru teshisi, 6zellikle istilaci tiirler agisindan, zararlarinin baslangi¢ asamalarinda erken tespit i¢in hayati 6neme
sahiptir. Yaprakbitleri taksonomistleri tiir diizeyinde teshisleri, konukgubitkilere dayali tant anahtarlari kullanarak
morfolojik 6zelliklere gore yapmaktadirlar. Bununla birlikte, yaprakbitleri gibi yiiksek fenotipik ¢esitlilige sahip
gruplarda, bu tan1 anahtarlar1 bazen yetersiz kalabilir. Mitokondriyal sitokrom ¢ oksidaz alt iinitesi I (COI) geni,
diinya genelinde bir¢ok ekonomik éneme sahip bitki zararlilarinin teshisinde etkin kullanilan bir gen bolgesidir.
Bu calismada, Hyalopterus pruni (Geoffroy) tiiriinden toplam 50 birey, Tekirdag ilindeki Sarkdy (Ulaman,
Bulgurlu, Gélctik, Cumhuriyet, Miirefte, Hoskdy, Gazikdy, Tepekdy, Palamut), Siileymanpasa (Yiziinciiyil,
Altinova, Banarli, Barboros, Biyikali, Cinarli, Degirmenalti, Ferhadanli, Hiirriyet, Karacakilavuz, Karaevli, Naip,
Namik Kemal) ve Marmaraereglisi (Bahgelievler, Cedit Ali Pasa, Dereagzi, Mustafa Kemal Pasa, Sultankdy,
Tiirkmenli, Yakuplu ve Yenigiftlik) bolgelerinden toplanmistir. Ug ilgeyi temsil etmek iizere segilen H11, H41 ve
H61 tiirleri dizi olarak alinmig ve molekiiler dizi sonuglari, morfolojik olarak tanimlanan H. pruni'nin molekiiler
diizeyde %99 uyumluluk gosterdigi tespit edilmistir.

Anahtar Kelimeler: Yaprakbiti, Hyalopterus pruni, COI, Molekiiler tani, Tekirdag
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1. Introduction

Aphids are one of the most important insect groups that cause damage to agricultural products, ornamental
plants, and naturally growing herbaceous and woody plants in the areas they are found. Aphids, which feed on
plant sap, cause 70% to 80% crop loss worldwide due to consequences such as stunting, deformation, and wilting
in plants. They are found worldwide, although they are more frequently observed in temperate zones (Blackman
and Eastop, 2023). The aphids, which are significant pests of many plants, belong to the superfamily Aphidoidea
(Hemiptera) (Budak et al., 2022). Species belonging to this superfamily generally live in colonies on their hosts
(Zeybek and Tozlu, 2022). Certain aphid species pose a significant threat as invasive pests, jeopardizing
agricultural ecosystems on a global scale (Capinera, 2002). They are not only plant feeders but also play a crucial
role as virus vectors, responsible for transmitting nearly 30% of all known plant virus species (Brault et al., 2010).

The prominent biological characteristics of aphids, including polyphenism, host alternation, and the ability to
reproduce both sexually and asexually, have rendered them a compelling model for evolutionary and ecological
research. (Dixon, 1998; Coeur d’Acier et al., 2007). Furthermore, precise taxonomy is crucial for detecting
biological invasions and effectively managing pest populations (Lozier et al., 2008).

Diagnoses of aphids are made using a single specimen and based on morphological characters, utilizing keys.
Phenotypic variation due to host and environmental influences can make the diagnosis of aphids difficult.
Furthermore, other factors that can make the diagnosis of aphid species difficult include the occurrence of different
morphologies on different hosts under various climatic conditions, complex life cycles, polymorphism, cyclic
parthenogenesis, and host switching during summer and spring months. Considering these factors, a potentially
more dependable method for diagnosing taxonomically complex groups could be to collectively assess
morphological, molecular, and host plant information (Hebert et al., 2003).

The mitochondrial cytochrome ¢ oxidase sub unit I (COI) gene has been widely adopted as an effective method
for the identification of many economically important plant pests worldwide. Mitochondrial gene regions include
cytochrome oxidase | and Il (COl, COIll), cytochrome b (CytB), F-ATPase subunits 6 and 8 (F-ATP), NADH-1
dehydrogenase (NADH1), and 12S and 16S ribosomal RNA (12S/16S). (Hoy, 2003); (Freeland, 2005). COI has
two important advantages among these gene regions. Firstly, universal primers for this gene region are highly
robust. Secondly, it has more phylogenetic markers compared to other mitochondrial genes. Furthermore, it is
observed that the amino acid sequence changes are relatively slow (Hebert et al., 2003). It has been reported that
the COI region is useful for the accurate identification of aphid species, especially in cases where morphological
characters are insufficient (Cocuzza et al., 2015).

Accurate and timely identification of Hyalopterus members is essential for proper and timely control, as well
as reducing the economic losses they cause. In all molecular and morphometric studies conducted on this genus in
recent years, it has been widely accepted that members of this genus use different Prunus species as their primary
host (Poulios et al., 2007, Lozier et al., 2008; Rakauskas et al., 2013). Especially with their primary hosts being
economically important Prunus spp. species, aphids cause direct damage and result in economic losses. The
differentiation of members of this genus is challenging because their identification is solely based on corniculus
in the morphological key (Lozier et al., 2008; Rakauskas et al., 2013). In additionally, Hyalopterus pruni has been
detected in approximately 32 provinces in Turkey and is a seriously spreading aphid species (Kok and Ozdemir,
2021).

Hyalopterus pruni apterae rather elongate-bodied, pale green with darker green mottling, covered with white
wax meal; BL 1.5-2.6 mm. On undersides of leaves of Prunus domestica, and sometimes on other Prunus spp.,
especially P. armeniaca, but not P. dulcis. Infested leaves do not curl. Alatae have a green abdomen with white
wax patches on each segment. Migration occurs to Phragmites, or sometimes to Arundo donax; for its appearance
on Phragmites see. Widely distributed in Europe and Asia and introduced to North America, but records from
Africa and Australia are based on secondary host populations and are possibly another species (Blackman and
Eastop, 2023).
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2. Materials and Methods
2.1. Collection and preparation of aphids

The survey study was conducted in Sarkoéy, Marmaraereglisi and Siileymanpasa province of Tekirdag in 2021.
The aphids samples were collected from plum (Prunus domestica) trees.

During sampling, attempts were made to collect as many winged and wingless adult individuals as possible. A
code number has been assigned to each sample. Furthermore, information such as the color prior to preservation
in alcohol, date, host plant, and collection location were recorded in the field notebook. The generated code
numbers were placed as labels, written with a pencil, inside the cryo tubes containing the aphid samples.

The collecting and preservation methods employed were largely based on Hille Ris Lambers (1950) approach.
According to this method, aphids were initially subjected to the cleaning process to reveal diagnostic
characteristics and to remove body colors and waxy substances present on the body in some species. Sufficient 4
minutes below the boiling point in a water bath. The ethyl alcohol in the tubes was emptied, and 10% KOH was
added to the tubes. The specimens, especially the dark-colored ones, were boiled in KOH for 3-7 minutes until
their colors became suitable. After determining sufficient lightening of the specimen colors, ethyl alcohol was
added to the glass tubes containing KOH, and then they were left to stand for a while. Subsequently, the KOH-
ethyl alcohol mixture was removed from the tubes manually or with the help of a pasteur pipette. Ethyl alcohol
was added again to the tubes to ensure thorough cleaning of the specimens. The ethyl alcohol in the tubes was
emptied, and a previously prepared 1:1 mixture of Chloral hydrate-Phenol was added to the tubes. The samples
were kept in this mixture at temperatures below the boiling point in a water bath, varying depending on the species,
for 5-10 minutes. After the cleaning process, the aphid samples were thus made ready for preparation. The
preparation process of the cleaned aphids was completed. The Berlese medium was used as the environment for
preparing permanent mounts. To prepare this medium, a specific amount of gum arabic, glycerin, chloral hydrate,
and distilled water were thoroughly mixed at room temperature and then filtered through several layers of glass
wool to obtain a clean mixture. After preparing the Berlese medium, a small amount was dropped onto each slide,
and the cleaned aphids were placed on each slide in both ventral and dorsal positions, as hymphs and winged-
wingless adults. The aphids placed on the slide were positioned with their antennae, wings, and legs open, ensuring
that diagnostic characteristics were visible.

2.2. Morphological characterization of aphids

The diagnoses of Hyalopterus pruni samples obtained from their host plants in Tekirdag province during field
studies conducted in 2021 were morphologically carried out according to Cottier (1953), Borner (1952),
Bodenheimer and Swirski (1957), Hille Ris Lambers (1945, 1947a, 1947b, 1949, 1969, 1973), Borner and Heinze
(1957), Tuatay and Remaudiere (1964), Shaposhnikov (1964), Stroyan (1957, 1961, 1963, 1969, 1977, 1984),
Bissel (1978) and Blackman and Eastop (1984, 1994, 2000, 2014, 2020). The species identification of aphids was
carried out using a LEICA DM LB2 light microscope. The definite identification of aphids was performed by
Associate Professor Dr. Isil OZDEMIR.

2.3. DNA extraction, amplification and sequence

A total of 50 individuals of H. pruni were collected from three localities Sarkdy (Ulaman, Bulgurlu, Golciik,
Cumbhuriyet, Miirefte, Hoskdy, Gazikdy, Tepekdy, Palamut), Siileymanpasa (Yiiziinciiyil, Altinova, Banarli, Barboros,
Biyikali, Cmarli, Degirmenalti, Ferhadanli, Hiirriyet, Karacakilavuz, Karaevli, Naip, Namik Kemal and
Marmaraereglisi (Bahgelievler, Cedit Ali Pasa, Dereagzi, Mustafa Kemal Pasa, Sultankdy, Tiirkmenli, Yakuplu and
Yenigiftlik) in Tekirdag province. DNA extraction was done following method; Put the aphid in a 1.5 ml Eppendorf
tube. If the aphid was stored in ethanol, place the aphid on a tissue for a few minutes to let the ethanol evaporate. Wash
pestle in a large volume of distilled water and dry after every use. Add 300 ul TNES buffer by letting it run down the
pestle to wash all of the squised aphid into the tube. Mix and incubate tube at 55 °C for 1 — 3 h (or at 37 °C over night).
Add 85 pl of 5M NaCl and shake hard for 15 s (proteins become precipitated). Microfuge at full speed for 5 — 10 min.
Microfuge at full speed for at least 5 min. Air-dry the pellet cover tubes with a tissue to avoid contamination. Re-
suspend the DNA in the required amount of 1x TE buffer.

A 700 bp segment of the mitochondrial COl gene was PCR amplified using the primers LepF (5'-
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ATTCAACCAATCATAAAGATATTGG-3") and LepR (5-TAAACTTCTGGATGTCCAAAAAATCA-3") (Hebert et al.
2004). The PCR assay was carried out following program initial denaturation at 94°C forl min, followed by 6 cycles of 1
min denaturation at 94°C, 1 min and 30 s annealing at 45°C, and 1 min and 15 s extension at 72°C, then followed by 36
cycles of 1 min at 94°C, 1 min and 30 s at 51°C, and 1 min and 15 s at 72°C, with a final step of 5 min extension at 72°C,
and cooling to 4°C before the PCR products were removed from the thermocyler. PCR products were checked by
electrophoresis on 1.5% agarose gel in TBE buffer (Table 1) (Xu et al., 2011).

Table 1. Chemicals used for polymerase chain reaction (PCR).

for 10 pl reactions

H20 4.0 pl

10 x Taq buffer 1.0 ul
MgCI2 25 mM 0.8 ul
dNTPs 1.6 wl
Forward primer 0.5 ul
Reverse primer 0.5l
Taq polymerase 0.1l
DNA 1.0l

Additionally, three samples representing each district were selected and sent to the Nabiltem Center Laboratory
at Tekirdag Namik Kemal University for sequencing.

2.4 Data analysis

The sequence results were aligned using MEGA 4 (Tamura et al., 2007) and identified by comparison with the
nucleotide-nucleotide basic alignment search tool (BLAST) (GenBank DNA sequence database, National Center
for Biotechnology Information).

3. Research Results and Discussion

Identify aphids using mitochondrial genes, PCR was done using LepF and LepR primers. The PCR products
showed a 700 bp band segment as mentioned amplifying DNA fragment of the mitochondrial genome in all
samples. To sequence the mitochondrial gene, PCR products were sent to NABILTEM Center Laboratory. After
sequencing, results were aligned, and the gene-related sequence was blasted in NCBI GenBank. Based on the
BLAST results, the samples were identified. >99% identity and 100% coverage to: Hyalopterus pruni (KR582302).
H11, H41, and H61 (species representing thee different locations of Tekirdag) are matching. The gene is confirmed
as "COI". The size that we could successfully recover is ~340 bp.

The morphological characteristics of aphids play a significant role in their ability to adapt to different host
plants. Furthermore, environmental factors such as day length and temperature have complex effects on the
morphological characteristics used to identify population differences. The morphology of aphids and their
relationship with host plants are crucial in their classification. Their ability to closely associate with host plants
relies on their distinct life cycles (Lee et al., 2015). The mitochondrial COI gene region is important in revealing
the genetic variation at the species and interspecies levels in aphid groups, due to its rapid and highly accurate
results (Foottit et al., 2009; Valenzuela, 2009).

In recent years, DNA barcoding studies have become one of the frequently used methods by many
aphidologists to address taxonomic issues in various insect groups, including aphids, aiming to resolve existing
taxonomic problems. (Hebert et al., 2003). Lozier et. al. (2008) before updating the diagnostic key used for
distinguishing members of the genus Hyalopterus, it has been reported that often H. amygdali or H. pruni were
indicated when it came to the genus discrimination in the diagnostic key, and these two species were frequently
confused with each other during diagnosis.

In their study conducted in Greece, Poulios et al. (2007) determined that H. amygdali A utilizes P. dulcis and
P. armaniaca as hosts, H. amygdali B utilizes P. persica as a host, and H. pruni utilizes P. domestica as a host.
Indeed, in our study, samples were collected from P. domestica, and both classical and morphological analyses
confirmed that they were H. pruni. Lozier et al. (2008) evaluated Hyalopterus populations feeding on Prunus host
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plants in Spain, Italy, Greece, Tunisia, Israel, the United States, and Georgia using molecular methods in their
study. They have determined that H. persikonus feeds on P. persica, H. amygdali feeds on P. dulcis, and finally
H. pruni feeds on P. domestica. In his study conducted in Afyonkarahisar, Kiitahya, Nigde, and Usak provinces,
Senol (2017) sampled from different localities on P. domestica, P. persica, P. dulcis, P. armaniaca, and
Phragmites hosts. It has been determined that the morphological variations of individuals belonging to the genus
Hyalopterus, depending on the host, locality, and species, are consistent with previous studies.

4, Conclusions

Species definitions derived from traditional diagnostic methods could potentially be deceptive, particularly within
categories like aphids. As a result, it is recommended to collectively analyze morphological and molecular data before
attempting species identification in the investigated aphid groups.
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