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ARASTIRMA MAKALESI RESEARCH ARTICLE

Is Debt Financing a Burden or a Boost to the Growth of Small Scale Poultry Farms?
Evidence From Nigeria

Felix Odemero ACHOJAY, Nwamaka NWOKOLO 2
Abstract

The growth of poultry industry is very relevant to the economy of Nigeria. Poultry farm growth may respond to
debt financing positively over time up to a threshold, beyond which it becomes a burden to the business. The debt
threshold of poultry farms is still not significantly understood by stakeholders in the industry. Therefore this study
derives its significance by examining the asymmetric relationship between debt financing and the growth of small
scale poultry farms in Nigeria. Multi-stage procedure for selection of sample was employed to involve two hundred
and forty (240) poultry farmers in the survey. Primary data collected with structured questionnaire were analyzed
using descriptive statistical tools (mean, percentage, standard deviation). Inferential statistical formula (Ordinary
Least Square technique of multiple regression model) was employed for data analysis. Result indicates that 6% of
total asset was financed by debt while 94% was financed by owner’s equity (personal fund). This indicates that
debt threshold of 50% was neither attained nor exceeded. Further result shows that the growth indicators namely
stock size, revenue and poultry owners’ equity responded positively to debt financing status but to a small extent.
Significant determinants of debt financing status of poultry farms identified in the study were: farm age, farm size,
terms of loan, loan duration, loan sources and owners’ equity. Debt financing positively impacted poultry farm
growth. This implies that surveyed poultry farms are in the tolerable debt level where owners equity is higher than
total debt owed. The study has established a positive causal relationship between debt financing and the growth of
poultry farms in Delta State, Nigeria. The study has further accentuated the centrality of credit financing as a
catalyst in the growth and development of the poultry industry. There is sufficient evidence to advocate for more
loans to support the growth of small scale poultry farms. More access to external debt financing is recommended
to boost small scale poultry farms’ growth in Nigeria. A more efficient credit market will serve as an incentive to
the credit seeking behaviour of borrowers (small scale poultry farmers) in Nigeria.

Keywords: Debt financing, Asymmetric relationship, Burden, Boost, Poultry farms’ growth
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Is Debt Financing a Burden or a Boast to The Growth of Small Scale Poultry Farms? Evidence From Nigeria

1.Introduction

Globally, poultry agribusiness is important economically being a source of income, food, employment and self-
sufficiency and animal protein (Bosnjak and Rodic, 2008; Hodges, 2009). According to Achoja and Chukwuji
(2013), the poultry sub-sector in Nigeria is believed to have asset base of up to N2 trillion with employment
capacity of about 30 million people in Nigeria. However, supply-demand gap of chicken eggs and meat in Nigeria
is still wide. Some persons in Nigeria depend on poultry industry for their livelihood. Poultry industry is one of
the dominant sectors of Nigerian economy. It contributes to the national GDP, generates employment opportunities
to a good percentage of Nigerians enhances food security and alleviates poverty.

The small scale poultry farmers therefore deserve external financing through loan. Obtaining loan is an
important tool for farmers to obtain the working capital used in order to improve their productivity and income.
Obtaining loan therefore through agricultural credit is important in the strategy of developing the agricultural farm
productivity. Achoja (2012) has established the multiplier effects of credit utilization in poultry development. Loan
can be classified into productive and unproductive loans. The former is a loan that is expected to create assets
which will yield income sufficient to repay the principal and interest on the loan. The unproductive loan is a loan
that is used for other purposes at the expense of farm asset or wealth creation. It is usually raised for protection
against disasters. It does not directly affect productivity of the farm. All loans are debt, but not all debts are loan.
Sources of debts in poultry farms include: loans (cash credits) from financial and non-financial institutions, debt
owed inputs (feeds, drugs etc) suppliers.

The decline in poultry production over the years in Nigeria can be associated with inadequate finance (credit
facilities) for the adoption of improved production technologies. This could hinder optimal production of poultry
birds (Akanni, 2007). This has led various agencies to lend to the poultry sub-sector sector. The availability of
these loans is an incentive for farms to shift sources of farm financing away from equity towards debt. The
repayment may however not be smooth due to loan delinquency by poultry farmers.

Good agricultural (Poultry) business practices is capital intensive. It has been determined that the agricultural
enterprises that make Good Agricultural Practices (GAP) have increased their market share and economic
efficiency (S6yler and Atli, 2018). Although Ozpmnar and Cay (2018) enphasized the contribution of farm
mechanization in farming system, including poultry production system, a mechanized poultry farming is capital
intensive and thus requires credit financing. In the light of this, different governments in the world offer different
types of loans, guarantees and other supporting measures to facilitate these small scale agribusinesses access to
capital. Evidence from previous studies shows that debt financing of poultry agribusinesses is associated with short
duration to guarantee pay-off (Abereijo and Fayomi, 2005). Furthermore, banks in many developing countries
prefer to lend to other sectors to the detriment of poultry firms expected return and risk (Levitsky, 1996). Reinhart
and Rogoff (2012) earlier hypothesized a non-linear effect of debt financing on firms. They associated high debt
profile of firms with persistent stagnation and low growth rate. Some authors expressed contrary view that
reasonable levels of debt could improve growth in output and profit through capital accumulation (Hameed et al.,
2008; Wang, 2009).

This research work was therefore conceived to examine the asymmetric effects of debt, if any, on the growth
of poultry farms in Nigeria. Accordingly, the argument raised in this study was underpinned by Financing Gap
Theory, Debt ‘Laffer Curve’, debt overhang theory and debt threshold theory.

Financing gap theory underscores the importance of borrowing from external sources only to close up internal
financial gap (short falls) up to a certain threshold (Pattillo, et al. 2004). The debt overhang theory emphasized
that high level of indebtedness beyond a threshold, could be burdensome and adversely affect firm’s growth (Ali
and Mustafa, 2012).

The Debt Laffer curve is a clarification of the debt overhang hypothesis, and it theorizes that a curve indicates
the optimal level for a business debt. These theories have not been applied to analyse debt situation of poultry
farms in Nigeria before now.

The main thrust of this study was to analyze the asymmetric effects of debt status on the growth of poultry
farms in Nigeria. The specific objectives were to:
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i examine the debt status of poultry farms.

ii. determine the proportion of poultry farmers that operated within the debt threshold value.
iii. evaluate the effect of debt status on growth of poultry farms.
iv. Investigate the determinants of debt status in poultry farms.

The hypotheses tested in the study were:
Hoi: There is no significant gap between the debt threshold and debt status of poultry agribusiness.

Hoz: Significant relationship does not exist between credit financing (debt) status and the growth of
poultry agribusiness.

Hos: The selected factors do not have significant joint and individual effects on the debt status of
poultry agribusiness.

2. Materials and Methods

2.1. Study Area, Sampling Procedure and Data Collection Techniques

This study was carried out in Delta State, Nigeria. Delta State, Nigeria was chosen for the study due to the
presence of many poultry farms in it. Delta state enjoys tropical climate with rainy season (March-November) and
dry season (December-March). Annual rainfall is about 256.5mm to 190mm in the North. The temperature varies
between 20°¢ and 34°. The state is suitable for crop production and livestock farming such as piggery, goats,
aquaculture and poultry production. Multi-stage sampling procedure was applied to select the respondents. The
first stage involved the random selection of two local government areas from each of the three agricultural zones.
This gave a total of six local government areas. Stage two (2) involved the random selection of four communities
in each of the six selected local government areas. This gave a total of twenty four (24) communities. Stage three
(3) involved a random selection of ten poultry farms. This gave a total of 240 respondents. The study was based
mainly on cross-sectional and 3 year-time series data. The instrument for data collection from the respondents was
structured questionnaire. The instrument was subjected to the validity and reliability tests. The questionnaire was
designed to capture information on the farm financial statements (balance sheet and income statement). Copies of
the questionnaire was personally administered and retrieved from respondents by the researcher. The questionnaire
was subdivided into the sections according to the specific objectives of the study.

2.2. Methods of data analysis.

i. The debt status as stated in objective ii was analyzed by employing the formula stated in equation 1:

Debt status = amount borrowed — amount repaid x 100 (Eq.1)

Amount borrowed 1

ii.Debt threshold was determined by the equation for debt — equity ratio according to Helfert (2008) in equation
2.
It is stated as debt — equity ratio (DER) = debt (N) x 100 (Eq.2)

Equity (N) 1

According to Helfert (2008) debt equity ratio is an attempt to show the relative proportion of owner’s claims
and of lenders claims. It is used as a measure of debt exposure. It is expressed either as a percentage or as a
proportion. For debt to be sustainable, the debt to income ratio must be constant or declining as depicted by
equation 3:

SDB =~ (Eq.3)
SDB = Sustainable Debt
D = Debt
v= Income

Theoretically, the highest point at the Laffer curve represents the stage obtaining more credit.
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o 5‘ D
Figure. 1 Debt laffer curve, adapted from Krugman(1989).

A poultry farm that has debt that is below the threshold (below 50%) is not at risk and can borrow more. For a
farm that has debt above the threshold (above 50% or 0.5), the farm can no longer borrow, the farm is in distress
and needs a bailout.

iv.Debt status gap was analyzed using the equation 4
DBgsp = Po + B2 (DT —DER) + (Eq.4)
Where:
DBgzp = debt status gap
DT = debt threshold
DER = debt — equity ratio
Bo=constant
B1 = coefficient of debt gap
W = error term

Ordinary least square technique of multiple regression was used to analyze the relationship between debt status
and poultry farm growth.

Determinants of debt status was evaluated using ordinary least square technique of multiple regression as
shown in equation 5, equation 6 and equation 7.

DB = B o+P1LS+B2INT+B3LCD +B 4LDU +BsFMSZ + BsFAGE + BLNFRQ + BsCRWT + BoEQT +u (Eq.5)
2.3. Model Specification
2.3.1. Determinants of debt status
The model for the determinants of debt status is implicitly specified as:

DB = f(LS + INT +LCD +LDU +FMSZ +FAGE +LNFRQ +CRWT +EQT + p) (Eq.6)
The explicit form of the model is specified as:

Linear model

DB = B o+B1LS+BoINT+BsLCD+BLDU+BsFMSZ + B sFAGE + B;LNFRQ + psCRWT +B oEQT +1t (Eq.7)

3. Results and Discussion

Table 1 and 2 present the result on the distribution of loan borrowed by poultry farmers in the study area. It
shows that a large number of farmers 97.5% borrowed loans less than N 500,000 while very few farmers 1.3%
borrowed loans between N 500,100 to N 10,000,000. Also some farmers 1.3% borrowed loans between 15,000,100
to 20,000,000. This implies that most of the farmers did not borrow so much loans because they were small scale
farmers.
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Table 1. Distribution of sources of loans among surveyed poultry farmers

Debt sources Amount
1. Long term loan Nil
2. Short term loan 48654000
3. Suppliers credit 5406000
Total debt 54060000
Equity 898833900
Table 2. Distribution of loan borrowed by poultry farmers
Class of amount borrowed (A3 Frequency Percent Mean/Mode
<5.000,000 234 97.5
5.000,100-10.000,000 3 1.3
10.000,100-15.000,000 0 0 <500,000
15.000,100-20.000,000 3 1.3
Total 240 100

3.1. Debt Status of poultry farms

The result in Table 3 implies that the debt servicing tends to accelerate the growth of poultry farms by providing
financial capital that serves as working capital for firm growth. Although high debt servicing could be cumbersome
and traumatic to poultry farm managers, these farmers are not in the distressed debt level. The overall debt status
of poultry farmers in the study area is 6%. This means that the poultry farmers are still operating in the tolerable
level and are advised to borrow more as debt in form of loan will cause an increase in poultry farm growth. The
finding also collaborates the hypothesis of Reinhart et al (2012) that firms with high debt are liable to slow growth
and stagnation and low debt will not cause slow growth rather speed up growth.

Table 3. Distribution of debt status of poultry farms

Default rate {90} Number of Percentage Cumulative

farmers Distribution frequency
1-10 87 36.25 36.25 Tolerable
11-20 73 30.42 66.67 - debt
21-30 27 11.25 77.92
31-40 28 11.67 89.59
gi ) 28 11 123 gg'gz __| *Debt threshold
61-70 2 0.83 99.17
71-80 0 0 99.17 .
8190 2 0.3 100 | Distressed
91— 100 0 0 100 debt
Total 240 100 100
* Default rate of 50% is the debt threshold of poultry farms

3.2. Debt- Equity Ratio of Poultry Farms

Debt equity ratio is a financial ratio and is used as s standard for judging the financial standing of a firm. It is
also known as the financial leverage. It is a measure of the firm’s ability to repay its obligations. When examining
the health of a firm, it is critical to pay attention to the debt equity ratio. If the ratio is increasing, the firm is being
financed by creditors rather than its own revenue. Optimal debt equity ratio is considered to be about 1 but it differs
from firm to firm and also from country to country. For most countries, the maximum acceptable debt to equity
ratio is 1.5 — 2. Debt equity ratio gives an indication of the equity strength of a farm at a point in time. According
to Helfert (2008) debt equity ratio is an attempt to show the relative proportion of owns claims and of lenders
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claims. It is used as a measure of debt exposure. It is expressed either as a percentage or as a proportion. In general,
a high debt to equity ratio indicates that a firm may not be able to generate enough cash to pay its debt obligations.

. . . . __ debt(M)
Equation 8 depicts debt — equity ratio: DER = Eauity 00 X100/1 (Eq.8)

If the quotient comes to 0.5 (50%) or less, it means debt is half of the equity. The numerator is the debt, while
the denominator is the owners’ equity (net worth).

Debt equity ratio for poultry farms in Delta state, Nigeria is reported in equation 9:
MN54,060,000 =0.06 or (6.0%) (Eq.9)
N 896,705,000

This result implies that poultry farms are capitalized with 6.0% debt financing and 94% owners’ equity. Poultry
farms’ debt status is far below the 50% debt threshold. Therefore, small scale poultry farms can seek and obtain
additional loan to increase productivity and revenue. Reinhart et al. (2012) stated that debt has a non-linear
relationship with firm growth. This implies that low debt can lead to growth of poultry farm firm, but it debt
increases beyond the threshold value, it impacts negative effects on growth.

The result of the present study indicates that the co-efficient of debt status is positive, this means that most of
the farmers are still within the tolerable threshold region and at this level, it is encouraged to borrow more. The
positive sign although insignificant is a signal that farmers can still borrow more signal that farmers can still borrow
more loans.

3.3. Relationship between debt status and poultry farm growth parameters

Table 4, Table 5 and equation 9 present the result on the relationship between debt status and poultry growth
parameters. The finding reveals that there is positive and significant relationship (p<0.01) between debt status and
all the poultry growth parameters that were captured in the study. This result implies that an increase in the amount
of debt obtained for the farm will lead to an increase in all the growth parameters (revenue, equity and stock size).
The finding in equation 9 implies that a 1% increase will translate to 0.51% in poultry farm growth all other things
being equal.

Table 4. Relationship between debt status, loan diversion and poultry farm growth parameters (revenue,

equity and stock size)

n = 240 debt Stock size Equity Revenue
status
debt Pearson Correlation 1
status Sig. (2-tailed)
Stock size  Pearson Correlation 0.054 1
Sig. (2-tailed) 0.407
equity Pearson Correlation 0.035 0.997** 1
Sig. (2-tailed) 0.594 0.000
Revenue Pearson Correlation 0.054 0.993** 0.988** 1
Sig. (2-tailed) 0.402 0.000 0.000
N 240 240 240 240

Table 5. Relationship between debt status and poultry farm growth

variable coefficient std. error t-stat. prob.
Constant 362816.83 53545.38 6.77** 9.63E-11
Debt Status 0.51 0.091 5.53** 8.38E-08
R Square 0.1138 F-statistic 30.58738
Adjusted R Square 0.1101 F-statistic 8.38E-08
Durbin-Watson stat 1.520

** = significant at 1%.
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This finding could be attributed to the fact that as more loans are obtained and spent on the operation of the
farm, it will increase the capacity of the farm, create wealth and increase the assets base of the farm. This will lead
to an upward move of the farms revenue and the growth parameters. This result is in agreement with the finding
of Odoemenem and Obinne (2010) who reported that growth of a farm is hindered by their limited access to loan
which means growth is enhanced as farmers have more access to loans.

3.4. Determinants of debt status of poultry farms

Table 6 shows that the R? of the regression is 0.29 or 20.92% this means that the variables used in the equation
only explain 20.92% of the explained variable (dependent) while 79.08% of the dependent variable are explained
by variables not captured in the study. However the P-value of the F-statistic is significant (P<0.05) this means
that the model is fit and the result can be relied upon to make inference with regards to the dependent variable.

Creditworthiness has a positive but insignificant relationship (P<0.05) with debt status. Most farms that are
creditworthy will then borrow more, if not monitored will lead to a huge debt. Equity has a positive and significant
relationship with debt status (p< 0.05). The more the equity base of the farm, the more the farm can acquire loan.
Therefore farms should always borrow in line with their equity. A farm with low equity should obtain low loans.
Farm age has a negative but significant relationship (P<0.05) with debt status this means that an increase in farm
age will result in a 4.72% reduction in debt status. This finding agrees with Lewis (1954) who theorized that older
firms could depend on internally generated revenue for the financing of its expansion or growth process. The older
a poultry gets the more financially stable it becomes and the less it relies on loans and external financing. Farm
size also has a negative and significant relationship (P<0.05). This agrees with Oni et al (2005) that noted that an
increase in the stock size will result in a decrease in debt status. Smaller firms seek private debt sooner than larger
firms do when growth opportunities increase.

Table 6. Distribution of determinants of debt status in poultry farms

Variable Coefficient Std. Error t-Statistic Prob.
Constant 23.47664 5.768529 4.,069780 0.0001
Creditworthiness 3.307279 3.924287 0.842772 0.4002
Equity 9.49E-06 2.38E-06 3.995539 0.0001**
Farm age -4.724139 1.726501 -2.736250 0.0067**
Farm size -0.063282 0.015864 -3.989044 0.0001**
Interest 0.116474 0.498639 0.233583 0.8155
Loan condition 6.293070 2.879024 2.185834 0.0299*
Loan duration 0.563955 0.152177 3.705921 0.0003**
Loan frequency 0.299530 0.160203 1.869691 0.0628
Loan sources -7.042216 2.758092 -2.553293 0.0113**
Loan Diversion 9.03E-06 2.24E-06 4.028411 0.0001**
R-squared 0.209269 F-statistic 5.437417
Adjusted R-squared 0.170782 Prob(F-statistic) 0.000000
Durbin-Watson stat 1.709228

Dependent variable: Debt Status
**significant at 1%
*significant at 5%

Interest rate has a positive but insignificant relationship (P<0.05) with debt status. The more the interest on
loan the more cumbersome it is to payback. Loan duration is positive and significantly (P<0.05) related to debt
status. The shorter the duration of loan the more loan repayment default. Poultry farmers are encouraged to obtain
loan with longer loan duration. Loan condition is positive and significantly (P<0.05) related to debt status. Farmers
are encouraged to get loan with favourable loan conditions. This will reduce the loan repayment default. Loan
frequency has a positive and insignificant relationship with debt status. Favourable loan terms and transactions of
loan sources has a negative significant relationship with debt status (P<0.05).
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Investigating the Causes of Entrepreneurs Failure to Start-up Greenhouse Business in
Isfahan Province, Iran
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Abstract

Despite the impact of entrepreneurships on economic development, it has not received much attention over the last
few decades. Most studies in the field of entrepreneurship have been based on the experiences of successful
entrepreneurs. Although the success and failure of entrepreneurs are two sides of the same coin, studying the
causes of entrepreneurial failure provides us with much more important information for analyzing the
entrepreneurial ecosystem in a country. Therefore, by examining the failure of entrepreneurs, the entrepreneurial
ecosystem can be changed to improve the conditions for future success of entrepreneurs. The present study
examines factors caused to failure start-up greenhouse business by licensed entrepreneurs in province of Isfahan
located at central part of Iran. This study considers population who obtained license to start greenhouse business
but failed to do so at last. This study applied qualitative research technique and related data were collected through
semi-structured telephone interviews with totally 450 interviewee and 264 of them participated in the study. To
analysis the collected data, the structural content analysis technique of grounded theory was applied. Due to
importance of factors, vocabulary counting technique was applied. As a result, 575 Barriers are expressed by
entrepreneurs. At the open coding stage, the extracted phrases are integrated in 19 terms of meaningful expressions
by integrating the same items and removing repetitive cases. At the axial coding stage, 19 integrated concepts are
obtained. Subsequently, the extracted phrases create six main factors. At the selective coding stage, the
entrepreneurs' basic barriers are categorized into three categories: Human Barriers, Economic barriers,
Infrastructure facilities and supportive policies. This study well revealed that weak infrastructure facilities, poor
supportive system, economy barriers and problems with human resource barriers respectively had powerful
deterrent factors which caused license holders to give up starting a greenhouse business.

Keywords: Failure of Entrepreneurs, Startup Greenhouse Business Failure, Sustainable Agriculture, Isfahan
Province
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1. Introduction

In recent decades, sustainable agriculture has been highly valued in considered of development programs, due
to environmental issues. Generally, Sustainable Agriculture has two fundamental goals of maintaining agricultural
production levels with benefit of reducing harmful environment impacts (Khaton Abadi and Amini, 1996). In all
local farming systems, to reduce dependency on low-inputs of environment and increase its effective use is one
the most important requirements. Small family farms, as in Turkey, constitute the main structure of Iran's
agriculture. In such circumstances, special attention should be paid to increasing yield per unit area to improve
people's livelihoods (Ozpmar, 2017). Climate change is already affecting agriculture; with considerable damages
unevenly distributed across the world including Iran is not exempt from this. Because of Iran's climate condition
which drought is one of its consequences, the country is facing with water resources constraints. Moreover,
Agriculture in Isfahan province has faced with irreparable damage recently, because of factors such as; unwisely
human interference, incorrect water resources management, and extensive exploitation of underground resources,
inappropriate cultivation patterns, incorrect cropping systems and improper design of irrigation (Ramezani and
Papzan 2019). On the other hand, sustainable food security is becoming increasingly important because of growing
urban population.

One of the offered solutions to cope with these problems is greenhouse cultivation expansion. Greenhouse
cultivation created possibility to use dense cultivation, continuous production, increased productivity in limited
water, soil, and manpower resources with controlling environmental factors at the same time. Development of
greenhouse crops to meet the growing food needs of the country and the water restrictions of the region has been
considered by the Agricultural Jihad Organization and Isfahan Province authorities.

Despite the need to greenhouses expansion across the province, unfortunately more than half of those who
have received greenhouse permits have never set up their own greenhouses, in other words; they have failed soon
at the early stage in this way to start-up a greenhouse business (GhB). This study investigates the factors affecting
the failure of greenhouse entrepreneurs in Isfahan province and seeks to find the right answer to the question of
why greenhouse applicants have been reluctant to set up their greenhouses after spending time and money and
obtaining an establishment permit, which usually takes between one and two years.

Identifying main causes and reasons to stop setting up greenhouses not only prevent wasting time and capital
of applicants but also enable authorities and planners in order to make proper decisions in Isfahan province.

CEINT3 LEINT3

In particular, definitions of business “disappearance”, “closure”, “exit”, and “failure” are confusing and often
overlapping. Business "disappearance™ could be derived from seizeur, integration or optional closure (Cardozo
and Borchert, 2004). Business "closure" means non-survival, instability and business interruption. The term "exit"
can be used to exit a business in a particular market or to produce a particular product or to terminate an
entrepreneur's participation in a business (Stokes and Blackburn, 2002)."Failure™ means being defeated, failing to
achieve a goal, failing to do the job, failing to reach the desired goal, and being bankrupt due to inability to pay
the debt. Failure is not about liquidating a business, but about failing to meet predetermined goals at the time of
setting up or managing a business (Cannon and Edmondson, 2001, 2005; Sitkin, 1992). According to above-
mentioned definitions; the study population failed to achieve their goals so it can be said that the study community
failed to start-up GhB.

Few studies have been conducted on failure compared to success (Whetten, 1980), new businesses are
constantly looking for successful business models. Moreover, failure studies have been considered due to failures
and avoiding repetition of mistakes (Williamson, 1985), the investigation about failure has great importance and
should be done with the same intensity as the investigation about success (Nonaka and Takeuchi, 1996; Sheppard
and Chowdhury, 2005).

There are many causes contributing to the failure of entrepreneurs. Some consider individual factors to be
involved and believe that entrepreneurs themselves have a significant impact on survival and growth of start-up
(Chell et al., 1991; R Bellu, 1993). Human capital factors such as age, education, gender and ethnicity are essential
to growth (Cooper et al., 1994; Wiklund and Shepherd, 2001). "Inappropriate financing" is one of the factors that
many scholars have emphasized on its importance (Bruno et al., 1992; Hodgetts and Kuratko, 2001; Longenecker
et al., 1999; Zacharakis et al., 1999). Financial problems include lack of attention to proper financing and lack of
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cash management for survival and business expansion. Understanding the technical and financial feasibility and
identifying potential customers is crucial for the proper development of a business plan for the survival and growth
of initiatives (Castrogiovanni, 1996; Hansen, 1995).

Women entrepreneurs in Kermanshah province are facing with financial barriers, administrative bureaucracy
barriers, complex procedures to obtain license, shortage of capital, lack of access to financial resources, high
production costs, banks' uncertainty, investors' uncertainty, high raw material costs, marketing, knowledge, skill,
cultural and personality barriers (Ghambarali and Rostami, 2015). Notash (2014) identifies that lack of business
knowledge, little experience, lack of skill, inappropriate marketing skill, inadequate partnerships, lack of
anticipation of alternatives, financial barriers, repeated errors, and unfavorable business environment are the roots
of the failure of entrepreneurs. Najafi and Safa (2014) cited that factors such as lack of proper businessplan, lack
of experience and expertise in rural areas, lack of access to rural markets, lack of access to info rmation and
information resources, lack of financing for business investment, local jobs and law barriers are the major obstacles
and challenges for entrepreneurship development in rural areas in rural entrepreneurial home businesses.

Some people consider the support system as a business failure factor. A small business development support
system that can provide educational services, technical advice, supportive infrastructure, access to capital, and a
legal environment is essential (Valentinov, 2007). Markley and Dabson (2008) considers the issue of partnership
and how to select shareholders or owners and how to work together to create and run a business. Doing mistakes
in partnership is one of the most important problems that cause entrepreneurs failure (Ghambarali and Rostami,
2015).

Avrasti and Gholami (2010) has taken into accounts factors such as weaknesses in human resource management,
cash flow and accounting problems, unrealistic project evaluation, technical problems in the production process,
lack of support of family and friends, corruption and the need to use illegal relationships and practices,
inappropriate financing by investors and banks, government laws and regulations incompatible with
entrepreneurial activities, inappropriate economic climate and international developments such as the war, etc. in
the failure of entrepreneurs. Walsh and Cunningham (2017) attributes the failure of entrepreneurs to inexperience,
lack of financial commitment, difficulty accessing finance resources. Al-Shami et al. (2019) attributes the failure
of Malaysian female entrepreneurship to personal life events, intensive competition and loan inflexibility, lack of
resources, poor financial management and personal dissatisfaction with their own business performance.

In generally, according to all previous studies there are several important factors which cause to business failure
such as inappropriate financial recourses, financial issues, inefficient liquidity management to survive and business
development, lack of financial capital, high production costs, high costs to supply raw material, lack of appropriate
business plan, unrealistic evaluation of business plan, lack of experience to select shareholders, inappropriate
frustrating, lack of family support, lack of knowledge and experience, doing repeated mistakes, cultural barriers,
lack of access to adequate data, complex procedure to obtain license, administrative corruption and bureaucracy,
lack of supportive system for producers, no educational system, lack of technical consultancy, inappropriate
regulation toward entrepreneurship, international condition such as sanction and war. The main purpose of this
study is qualitatively to investigate the reasons for not starting greenhouses by entrepreneurs in the agricultural
sector in Isfahan province.

2. Materials and Methods

The purpose of this study is practical and it is qualitative in nature. Due to the lack of information and resources on
the cause of the failure of greenhouse entrepreneurs, it is necessary to address this issue from different perspectives.
The grounded theory approach will be useful for identifying processes where there is insufficient knowledge (Bazargan,
2019). Therefore, in this study, grounded theory, systematic approach was used. This approach has been proposed by
Strauss and Corbin (Corbin and Strauss, 1990).

The study population includes of individuals who get related approvals between 2009 - 2017 but gave up starting
to do so. Agricultural and natural resources engineering Organization of Isfahan extracted greenhouse statistics from
the information available in their file and provided it to research team. In Isfahan province, 1012 permission to start-
up vegetable GhB have been issued which 471 cases started up their own business and obtain utilization permission as
well. 91 cases are setting up their Greenhouse Business, while 450 cases failed to start up GhB and gave up to do so,
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most dissuasion were in cities of Tiran, Isfahan, Dahaghan, Borkhar and Najafabad.

The data collection tool is a semi-structured interview. Due to the geographical extent of the province, the
distribution of the study population at the provincial level, lower costs and improved quality of information gathering,
faster access to people, greater convenience of the interviewer and the interviewee, telephone interviewing was used
to gather information. For this study, 264 individuals were studied. To analyze the data after assigning the code to each
interviewee, the interviews implemented the words, their meanings and their relevance in terms of repetition rate,
number of words, words, metaphors and idioms used in sentences and their repetition rate, counting were made to
discover patterns in the utterances. (Puppis, 2019). Open coding was done for the collected data on the basis of
allocation of conceptual tags. In the open coding phase, 575 quotes and 48 concepts were identified and categorized
into 19 codes. In this section, only open codes derived from data were presented in the form of concepts. The codes
were reviewed and finally coded based on the research-driven phenomenon that led to the failure of greenhouse
entrepreneurs. Axial Coding (Summarizes 6 categories and identifies the relationship between the categories and
determines the underlying causes, describing the causal conditions), and selective coding (to communicate between
axial and other categories and modify them) have been used. (Corbin and Strauss, 2014)

In the structural analysis of the transcribed text, the textual structure of the interview text was used to confirm the
findings using triangulation method and the results were confirmed by the statistical community and knowledgeable
people in this field.

3. Results and Discussion

Since study population is 264 people, at first it seems necessary to consider the individual characteristics of the
respondents and then the reasons for not setting up a greenhouse. According to research findings, 95.1 percent of
greenhouse approvals have been issued to male applicants. It seems that GhB is men owned business. During the
interview it was revealed that the percentage of women who tried to set up a greenhouse by themselves is even lower.
It was explored that if any approval was issued to women it was mainly due to ownerships of the land.

39.4 percent of approval was related to start-up small size GhB (less than 4000 M?), 50.8 percent of approval
to start-up average size greenhouse business (between 4000 to 8000 M?) and 9.8 percent of approval to start-up
big size GhB (more than 8000 M?). Since more issued approvals rate are related to average size GhB, it means that
most applicant to start-up GhB are from middle class people.

3.1 Result of coding process:

Interviewees were asked to give explanation to give up starting GhB and totally 575 separate reasons were
represented. 48 conceptual sentences were identified during open coding process and 19 integrated subjects were
identified during axial coding process and merging the same concepts and removing repetitive cases, finally the
main variables were identified during selective coding process which included human barriers, economic barriers,
supportive barriers, infrastructure barriers. The results of the coding process are presented in Figure 1.
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LOpen coding

48 conceptual propositions in 19 categories

1. Lack of enoughtime Axial coding
2. llIness and aging
3. Lack of cooperation of the children Selective coding
4. Lack of patience and long distances
5. Immigration
6. Economic instability
7. Inefficiency of econom
8. Reluctanceyto have a sh)z;reholder 6 category proposition 3 propositional categories
9. Lack of financial resources 1. Individual barriers 5 1. Human Barriers 5 categories
10. Bank's collateral issue categories 2. Economic barriers 5
11 Water salinity 2. Macroeconomic barriers 2 categories -
12. Lack of water resources categories 3. Infrastrgcturelfapllltles and
13. Increased bank interest 3. Financial barriers 3 supportive policies 9
14. Bank's regulation instability categories categories
15. Bank refusal to accept rural properties 4. Natural barriers 2 categories
16 aLsagﬁléitZ;asl lines 5. Gov_ernmental organization
17. Lack of supportive policies barriers 5 categories
’ 6. Non governmental

18. Impossibility of license renewal

19. conflict to select subcon organlz_atlons barriers 2
20. categories

25. tractor

Figure 1. The results of the coding process

According to received data, study population volume, rate of repeated responses in this section, in order of
importance and weight, each factor will be evaluated separately:

3.2. Infrastructure facilities and supportive policies

This indicator would be investigated by organizations and natural barriers, which organization has two different
views of governmental organizations (GO) barriers and Non-governmental organization (NGO) barriers as following:

3.2.1. Governmental organization barriers

Bank’s profit regulation instability, complexity in bank’s regulations, bank refusal to accept rural or common
properties as collateral, lack of infrastructure facilities such as gas lines, lack of supportive policies of production
business are included GO barriers.

Results of word counting show that bank's totally is a serious deterrent to start-up GhB with 33.4 percent of
frequency. They refuse to accept properties as collateral to loan assignment. This factor has important effect with 24.3
percent. Unfortunately, Operating Banks refuse to accept some part of greenhouse’s property as collateral unlike to
industrial projects. On the other hand, they refuse to accept rural land and common properties, on the contrary, Banks
accept urban properties, because these properties are easy to sale. Moreover, this will serve the interests of banks, but
it can never lead to agricultural growth and prosperity. Lack of valuation of agricultural lands form bank point of view
causes that farmers buy land or urban properties and they invest in nonproductive urban sectors instead of investing in
rural production which it would multiply the lack of development in rural regions. Also increasing the bank profit
caused to give up starting up this business for 4.7 percent of farmers. Complexity and bureaucracy of banks regulation
has 4.3 percent frequency as well.
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Lack of gas lines and lack of government supportive policy toward production accounts for 3 percent of failure to
start up GhB separately, since the cost of greenhouse gas heating is considerable, lack of gas lines to failure is
reasonable. Due to the reduction in greenhouse gas heating costs by one-second or one-third compared to other fossil
fuels, energy accounts for a significant portion of the cost of production, so the lack of greenhouse startups seems
reasonable due to the lack of gas.

3.2.2. Nongovernmental organizations barriers

Impossibility to extend approvals of starting greenhouses and conflict with Agricultural and Natural resources
engineering organization of Iran are two most important factors, with frequency of 0.7 and 0.5 respectively. It should
be noted that it is possible to extend approval for just 3 years which is legal and if greenhouse was not started by
approval applicants, all approval procedure must be done again.

3.2.3. Natural Barriers

Natural factors such as climate change which drought is one of its consequences caused to lack of water resources
and water salinity. Inhabitants of these regions who has the same challenges failed to start-up GhB. Water resources
shortage with 9.4 percent and water salinity with 0.5 percent has effect on failure to start up GhB.

3.3. Economic system barriers

Generally, economic barriers have two different levels consist of microeconomic and macroeconomic on the way
to startup GhB. Each one of factors has been considered separately as following:

3.3.1. Financial barriers

Financial barriers consist of Lack of financial resources, bank’s collateral problem and unwillingness to have a
shareholder. It should be noted that there is a narrow boundary between the lack of collateral and the refusal to accept
property collateral for rural and common lands.

Inability to give proper guarantee against the bank loan would be included in financial barriers whereas refusal to
accept common or rural properties by banks is an organizational barrier. According to word counting financial
resources barriers, collateral and shareholder problems have 20, 12 and 1.7 percent effect on failure start-up GhB
respectively.

3.3.2. Macroeconomic barriers

These kinds of barriers explore the implications of economic instability and inefficiency of economy accounts for
7.7 and 3.8 percent of failure to start-up GhB respectively, also they have a strong cause and effect relationship with
each other and are among economic variables.

3.4. Human Barriers

Human factors such as illness and aging, Lack of cooperation of the children with the principal in the process such
as father or grandfather with license holder to take steps, long distance, lack of enough time to spend and immigration
account for 2.3, 1, 0.2, 0.2 percent of failure to start-up GhB respectively.

The conceptual model of the factors effect on the failure start-up of greenhouse business has been designed in
Figure 2.

Based on the word counting procedure results, lack of infrastructure facilities and supportive system has the most
significant effect on failure to start-up G GhB B by 50.4 percent. In the meanwhile, the role of GO and natural factors
is 39.3 percent and 9.9 percent respectively. Since, NGOs does not have much effect on the failure of GhB. Economic
barriers totally contributed 45.2 percent that financial barriers have a 33.7 percent share of total and microeconomic
barriers have 11.5 percent. Among all studied factors on greenhouse failure, human factor with frequency of 4.4 percent
has the least effect among the other factors. In the conceptual model of this study, each factor effects directly on the
failure of GhB.
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Economic
barriers

Figure 2. The conceptual model of identification and classification of the factors effect on the failure start-up
of greenhouse business

4. Conclusions

Role of GO to failure a GhB was evaluated crucial and fundamental role in infrastructure facilities and supportive
policies barriers. This finding is in the line with the results of the Moumeni-helali (2015) and Ghambarali’s studies
(2015). This factor was the first effective obstacle of start-up a GhB. In the meanwhile, operating banks had a powerful
deterrent effect on rural entrepreneurs. Refusal to accept the rural properties, rural common properties and the
greenhouse land as the part of the collateral have created humerous problems for applicants. Whereas in the industrial
sectors, operating banks accept the land and factory as collateral even itis located in rural areas. This attitude aggravated
the backwardness in agricultural sector and increased social gap between rural and urban systems. If the end goal of
rural development is to prioritize the destitute people and make them empowerment and self-reliance, these measures
are inconsistent with adopted policies.

On the other hand, rising Bank interest rate from 5 percent or 7 percent to 14 percent or 18 percent, which it
complies with current economic condition in Iran, anyhow it cannot be properly justified because of necessity of
changing production patterns and optimum use of water resources especially in areas such as Isfahan province.

It is not economically rational to provide the same pattern of bank profits for the country and for all businesses. In
the meanwhile, complexity of banking regulation and bank’s regulation instability have also aggravated and because
of lack of agility and excessive administrative bureaucracy have made numerous problems for applicants, so that some
of them leave halfway left unfinished.

Existence of gas lines is one of the most essential facilities to start-up GhB. Unfortunately, in Isfahan province
greenhouse owners use neither renewable nor clean energies for energy supplying and sustainable agriculture. The lack
of gas has led some greenhouses to give up start this business, which makes sense.

Shortage of government supportive system toward production sector is one of the barriers to discourage applicants
to start-up GhB. The findings are complying with the explored results by Valentinov, (2007) and Markley and Dabson
(2008). Unfortunately, government supportive policies for the production sector are limited to grant loan or to ask
postponing farmers' debts. It is expected that government provides literally the supportive system including of various
services such as education, technical advice, financial resources and moral and legal environment.

Shortage of financial resources and lack of appropriate collateral are the most important financial barriers that have
been created due to lack of economic function before any implementation. Hence, before taking any action, it is a must
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to hold courses about how to have effective greenhouse cost and income, how to take procedure to take related license,
how to set up green house, how to set up greenhouse and writing economic feasibility study report for applicant in
order to make a realistic judgment and right decision the findings are compatible with research results of (Bruno et al.,
1987; Hodgetts and Kuratko 2001; Zacharakis et al., 1999, Longenecker et al. 1999, Castrogiovanni, 1996; Hansen,
1995; Notash, 2014; Moumeni-helali, 2015, Ghambarali and Rostami, 2015; Elyasi and Notash, 2011). Unwillingness
to have shareholders is another effective factor on failure to start up GhB. In the study of the reasons for the withdrawal
of ten applicants for greenhouses, 9 cases were due to investor withdrawal and one case was due to withdrawal of land
ownership. It seems that investors are more afraid of partnerships. It has roots into the legal matters and economic
profitability of greenhouses business. Some applicants withdraw from the partnership because they are not familiar
with the legal issues. The findings are compatible with the results of Arasti (2006 & 2011), Ghambarali and Rostami
(2015).

Economic factors such as economic instability and economic disadvantage have reduced the attractiveness of the
GhB for investment. Policymaking, having an economic cultivation pattern, attention to market components and
planning production in a way that serves the interests of the producer, can be an effective factor in attracting financial
capital. Resolving this problem requires national determination and the cooperation of all agricultural authorities and
stakeholders. The findings of Ghanbarali, et al, Najafi et al. also confirm these results. According to the results of the
research, none of the respondents had received any training in establishing a greenhouse. In other words, education has
been a forgotten element during the establishment of the greenhouse. This finding is consistent with the results of
Yiksel and Yiksel (2011).

According to the research findings, focus on the four midterm strategies could increase start-up greenhouses
business by 45%; Acceptance of rural collateral, reducing the bank profit with priority for agricultural projects
including greenhouse at the provincial level, economic stabilization in order to raise economic revenue in greenhouse
activity and also banking bureaucracy reduction by providing legal and moral environment.

Based on the research findings, the following recommendation are proposed to improve the conditions for
establishing a greenhouse in Isfahan province:

1. It is recommended that operating banks be more flexible in accepting rural collateral and common
properties. On the other hand, in order to improve the future conditions of peasants, it is advised that the
government implement a plan in order to help them to split common properties for rural areas which they
have right to be supported in receiving facilities at least.

2. Asthe lack of gas fuel piping was an obstacle to the establishment of greenhouses, so it is recommended
to make appropriate policies in the field of sustainable and clean energy use in the province.
Unfortunately, at present, none of Isfahan greenhouse owners use new and clean energy.
Paying attention to new and clean energy sources will have a profound impact on the economic efficiency
of greenhouses in long term.

3. Since termination of partnership was identified as one of the factors for not establishing a greenhouse, It
is suggested that legal and financial partnership training be provided to applicants who want to set up a
greenhouse as a partnership

4. Economic factors such as market instability and economic inefficiency have reduced the attractiveness of
the greenhouse establishment for investment.

5. The government and greenhouse owners are expected to provide the necessary infrustructure for
economic stability and agricultural planning with proper planning.

List of abbreviations
GhB: Greenhouse Business, NGO: Non-governmental organization, GO: governmental organization
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Baz Pestisitlerin Faydah Bakteriler ve Patojen Bakteriler Uzerine Bakterisidal
Etkilerinin Belirlenmesi

Determination of Bactericidal Effects of Some Pesticides on Useful and Pathogenic Bacteria
Recep KOTAN! Elif TOZLU?Z

Ozet

Tarimda kullanilan kimyasal bitki koruma ve bitki besleme {irlinlerinin insan sagligina ve ¢evreye verdikleri zarar
her gecen giin daha da iyi anlasilmaktadir. Ancak, bu zararin 6nemli bir kismu bitki tizerindeki ve canli bir sistem
olarak tarif edilen topraktaki faydali mikrobiyal fauna iizerinde olusmaktadir. Birgok pestisit nihayetinde
uygulamadan sonra topraga diiserek, buradaki faydali ve zararli birgok mikroorganizmanin popiilasyonunu
azaltmakta veya onlari 6ldiirmektedir. Bu ¢aligmada; toplam 39 farkli pestisitin 7 patojen olmayan farkli bakteri
izolat1 (Brevibacillus brevis CP-1, Bacillus megaterium TV-6D, Bacillus subtilis TV-6F, Paenibacillus polymyxa
TV-12E, Pseudomonas flourescens TV-11D, Pseudomonas fluorescens FDG-37, Pantoea agglomerans RK-79)
ve 2 farkli patojen bakteri izolat1 (Erwinia amylovora RK-228, Pseudomonas syringae pv. syringae RK-268)
olmak iizere toplam 9 bakteri izolatina kars1 bakteriyosidal etkileri test edilmistir. Bakteriyosidal testleri Petride
Disk Diffiizyon Yo6ntemi kullanilarak yapilmis ve test dozu olarak da her bir pestisitin iiretici tarafindan 6nerilen
dozlar1 kullanilmigtir. Test edilen 15 farkli insektisitin 4’1 (%26.66), 14 farkli fungisitin 8’1 (%57.14), 7 farkli
herbisitin ise 5’1 (%71.42) bakteriyosidal etki gostermistir. Geri kalan 2 farkli akarisit ve 1 nematositin herhangi
bir bakteriyosidal etkisi goriilmemistir. Toplamda test edilen 39 pestisitin 17’si (%43.59) bakteriyosidal etki
gostermis, pestisitlerden etkilenen bakterilerin tamami faydali bakteriler ve biiyiik bir gogunlugu ise Gram pozitif
bakterilerden olusmustur. Sonu¢ olarak, tarim alanlarinda faydali bakterilerin 6nemli gorevler istlendigi
diigtiniildiigiinde; kullanilan kimyasal pestisitlerin bakteriyel ¢esitlilik tizerindeki bu olumsuz etkisinin en az
duzeye indirilmesi i¢in mutlaka insan ve gevreye dost kontrol yontemlerinin uygulanmasina ihtiya¢ vardir. Bu
yontemlerden biri olan biyopestisitlerin tarim alanlarinda kullanilmasi sirasinda, mecbur kalinmadik¢a kimyasal
ilaglar ile karistirilmamalari biiyiik 6nem tagimaktadir.
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Abstract

The damage of chemicals that are used for plant protection and plant nutrition products used in agriculture to
human health and the environment is understood better day by day. However, a significant part of this damage
occurs on the beneficial microbial fauna on the plant and in the soil described as a living system. After application,
many pesticides eventually fall into the soil and kill many beneficial and harmful microorganisms or decrease their
population. In this study; bactericidal effects of a total of 39 different pesticides against 7 different non-pathogenic
bacterial isolates, 7 non-pathogenic different bacterial isolates (Brevibacillus brevis CP-1, Bacillus megaterium
TV-6D, Bacillus subtilis TV-6F, Paenibacillus polymyxa TV-12E, Pseudomonas flourescens TV-11D,
Pseudomonas fluorescens FDG-37 and Pantoea agglomerans RK-79) and 2 different pathogenic bacterial isolates
(Erwinia amylovora RK-228 and Pseudomonas syringae pv. syringae RK-268) were tested. Bactericidal tests were
performed using the Petri Disc Diffusion Method and the recommended doses doses by manufacturer in the label
information on each pesticide as the test dose were used. 4 of 15 different insecticides tested (26.66%), 8 of 14
different fungicides (57.14%), 5 of 7 different herbicides (71.42%) had bactericidal effects. No bactericidal effects
of the remaining 2 different acaricides and 1 nematocide were observed. Of the 39 pesticides tested in total, 17
(43.58%) had bactericidal effects, and all of the bacteria affected by the pesticides were beneficial and the majority
were Gram positive bacteria. Consequently, considering that beneficial bacteria play an important role in
agriculture; in order to minimize this negative effect of used chemical pesticides on bacterial diversity, it is
absolutely necessary to apply human and environmentally friendly control methods. In addition to all these
applications, biopesticides should not be mixed with chemicals unless they are obliged to be used in agricultural
areas.

Keywords: Antimicrobial, Bacteriocidal, Bacterium, Biological Control, Pesticide, PGPR
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1. Giris

Bitkisel iiretimde birgok canli (hastalik etmenleri, zararli etmenler ve yabanci otlar) ve/veya cansiz (gevresel
faktorler, toprak faktorleri, atmosferdeki zehirli gazlar ve hatali tarimsal uygulamalar) etmenler verim ve Kalite
kayiplarina sebep olmaktadir. Verim ve kalitedeki kayiplarin orani bu canli ve/veya cansiz pek ¢ok faktoriin
yogunlugu, tek veya birkaginin bir arada bulunabilme durumu, bitki, toprak, hava, su ve diger pek ¢ok faktére
bagli olarak degismektedir. Dinyada, bitki hastalik, zararli ve yabanci otlardan dolay1r meydana gelen {iriin
kayiplarinin yaklasik %35 dolayinda oldugu (Agrios, 2005), buna hasat sonrasinda goriilen %6-12’lik kayiplar da
eklendiginde, %45 gibi bir orana (Yildiz, 2011) ulastig1 goriilmektedir. Ayrica, miicadele yapilmadig: takdirde ise
bu kayiplarin %100’e ¢ikabilecegi (Canhilal ve Tiryaki, 2010), parasal degerinin ise yaklasik yillik 550 milyar
dolar, tiriinii korumak i¢in yapilan masraflarin da 455 milyar dolar oldugu belirtilmektedir (Agrios, 2005).

Bitkisel tiretimdeki bu kayiplari minimize etmek igin, diinyada oldugu gibi iilkemizde de yogun bir sekilde
kimyasal giibre ve pestisit kullanilmaktadir. Ulkemizde birim alanda kullanilan pestisit miktarinin Avrupa Birligi
tilkelerine kiyasla oldukg¢a az oldugu ifade edilmesine ragmen, pestisit kullaniminin heterojen dagilim gosterdigi
de unutulmamalidir (Delen ve ark., 2005). Entansif tarim yapilan Ege ve Akdeniz Bolgeleri ile ekstansif tarim
yapilan Dogu Anadolu ve Giiney Dogu Anadolu Bolgelerinin pestisit tilketim paylar kiyaslandigr zaman bu
heterojen yapi agikga goriilmektedir. Ege ve Akdeniz Bolgelerinin tiiketim toplami, genel olarak iilke pestisit
tiikketiminin %34’Unden fazlasini, hatta bazi yillar %50’sine yakinini olusturmaktadir. Dogu Anadolu ve Giliney
Dogu Anadolu Bolgelerindeki kullanim ise, iilke tiikketiminin ancak %10’u kadardir (Durmusoglu ve ark., 2010).

Son yillarda diinyada farkli iilkelerden arastirmacilarin yaptiklart ¢aligmalardan elde edilen sonuglar,
pestisitlerin yaygin ve hatali kullanimlarinin énemli bir kiiresel saglik sorununa doniistiigiinii gostermektedir.
Ulkemizde de yapilan benzer ¢alisma sonuglar1 aym endiseleri ortaya koymaktadir. Yogun olarak kullanilan bu
kimyasal giibre ve pestisit uygulamalar1 yiiziinden insanlarin ciddi saglik sorunlari ile karsi1 karsiya kaldigi; bitkisel
iretimin ana materyallerinden olan hava, su ve topragin yani kisaca ¢evrenin ciddi boyutlarda kirlendigi
belirtilmektedir (Atilgan ve ark., 2007; Delen, 2016).

Bu kimyasal giibreler ve pestisitler ne yazik ki sadece uygulandigi bolgede kalmamakta, zamanla genis bir
¢evreye yayilim gostermektedirler. Alper (2010), bitkilere uygulanan tarim ilaglarimin yaklasik %30 kadarinin
bitkiye ulagtigini, ancak %70’inin ise riizgar, yagmur ve sulama yoluyla farkli ekolojik ortamlara tagindigini ifade
etmektedir. Yildiz ve ark. (2005) ise atilan pestisitlerin %0.015 ile %6’sinin hedef alinan organizmalara, geri
kalan %94-99.9’luk kisminin ise agroekosistemdeki hedef olmayan organizmalara ulagtigini belirtmektedirler.
Ulkemizde her yil dzellikle de ilkbaharda toplu ar1 dliimlerini konu alan onlarca haber yapilmakta olup, bu
Olimlerin sebeplerinin baginda da kiiresel iklimsel degisiklikleri ile bilingsiz tarim ilact kullaniminin geldigi
vurgulanmaktadir (Kotan, 2020). Kimyasal bitki besleme triinlerinde de benzer bir durum séz konusudur. Nitekim,
Ozellikle de igme suyu havzalarinin yakinlarinda yapilan tarimsal faaliyetlerde yogun olarak kullanilan nitrath
gubreler nitrat kirliligine neden olmaktadir (Olhan ve Ataseven, 2009). Bu durumun 6zellikle de Konya gibi kapali
havzalarda, yeralti sular ile yapilan sulama faaliyetlerinde gok daha biiyiik bir boyutta tehdit olusturdugu
belirtilmektedir (Buyuk ve ark., 2016).

Caglarirmak ve Hepgimen (2010), baslica toprak kirleticileri olarak agir metaller, pestisitler, hormonlar,
organik bilesikler ve radyoaktif hidrokarbon yanma iiriinlerinin bir dongii igerisinde oldugunu ve giderek biiyiik
bir sorun haline geldigini belirtmektedirler. Ozellikle de bu kimyasallarin bilingsizce kullanimimin havada, suda
ve toprakta ciddi bir kirlilige yol a¢tigi vurgulanmaktadir. Bir diger olumsuz etkisinin ise topraktaki faydal
mikrobial biota (izerine oldugu kaydedilmektedir. Birgok pestisit eninde sonunda uygulamadan sonra topraga
diistiigii icin, topraktaki mikroorganizmalar daha fazla etkilenmektedir. Pestisitler, topraga uygulandiklarinda bitki
patojenlerinin popilasyonlarim diigiiriirler, 6ldiiriirler veya 6zellikle bazi bitkiler igin ¢ok 6nemli olan mikorizal
iligkiye zarar verebilirler (Meena ve ark., 2016). Pestisitlerin ¢ogu mikroorganizmalarin biyolojik gdrevlerini,
cesitliligini, bilesimini ve biyokimyasal siireclerini olumsuz yonde etkilerler (Meena ve ark., 2016). Ozetle bitkisel
iretimde kimyasal pestisit ve 6zellikle nitratl giibrelerin yogun bir sekilde kullanim1 sonucu; topraklar, yer altt
sular1 ve atmosferde gittikge artan Kirlilik hem diinyada hem de Tiirkiye’de, insan ve hayvan sagligini, yaban
hayatim1 ve gevreyi ciddi manada tehdit eder bir boyuta gelmistir. Ozellikle de giiniimiizde toprak kirliliginin
kiiresel bir sorun haline geldigi ve bu durumun siirdiiriilebilir tarim ve gida giivenligi ac¢isindan biiyiik tehditler
olusturdugu gozlenmektedir (Kotan, 2020).
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Bu ¢alisma; Tiirkiye’de yaygin olarak kullanilan toplam 39 farkli aktif madde igerikli pestisitin Uretici
tarafindan onerilen dozlarinin daha dnce yiiriitiilen ¢esitli calismalarda bitki rizosferi veya fillosferinden, bitkinin
toprak iistli aksamindan veya bocekten izole edilerek bitki gelisimi ve/veya biyolojik miicadeledeki etkinligi ispat
edilmis toplam 7 farkli faydali bakteri ve 2 farkli bitki patojeni bakteri tizerine in-vitro ortamda bakterisidal
etkilerinin test edilmesi i¢in yiiriitilmustiir.

2. Materyal ve Metot

2.1. Calismada kullanilan pestisitler

Calismada birbirinden farkli; 15 insektisit, 14 fungisit, 7 herbisit, 2 akarisit ve 1 nematosit olmak (izere toplam
39 adet pestisit kullanilmigtir. Kullanilan pestisitlerin ticari isimleri ve aktif madde icerikleri Tablo 1’de verilmistir.

Tablo 1. Caliymada kullanilan pestisitlerin ticari isimleri

Table 1. The trade name of pesticides used in the study

Insektisit

Fungisit

Ticari Ismi

Aktif Maddesi

Ticari Ismi

Aktif Maddesi

1 Chlorpyrifos 480 g Alban 4 EC 1 Mastercop SC Bakir Pentahidrat 65.82 g/l
2 Bifenthrin 100 g/l Battalion 100 EC 2 Sunvax 200 FF Carboxin 205 g/l + Thiram 205 g
3 Alphacypermethrin 100 Best Alfa 100 EC 3 Cavalry 500 SC Chlorothalonil 500 g/l
g
4 Indoxacarb 75 g/l + Capito SC 4 Voyage 50 WP Cymoxanil %50
Abamectin 18 g/l
5 Imidacloprid 350 g/l Confidor SC 350 5 Ceres WG Cymoxanil %30 + Famoxadone
%22.5
6 Acetamiprid 80 Cormoran 180 EC 6 Koritus WG Cyprodinil %50
g/l1+Novaluron 100 g/l
7 Thiodicarb %80 Dicarvin 80 DF 7 Cebir SC Fludioxonil 12.5 g/l + Metalaxyl
g/l
8 Dimethoate 400 g Dicentra EC 8 Veliyette WP Fosetyl-Al %80
9 Acetamiprid %20 Effore 20 SP 9 Evakur SL Propamocarb-HCI 722 g/l
10  Methomyl %90 Hektas Aron SP 10 Broader 30 EC Propiconazole 150 g +
Difenoconazole 150 g
11  Ethoprophos 200 g/l Mocap 20 EC 11 Gensil 2 DC Tebuconazole %2 (tohuma)
12 Oholo pyrifos-ethyl %25 Napoleon 25 WP 12 Hekta Siper FS Tebuconazole 60 g/l
13 Abamectin 18 g Plamec 18 EC 13 Fersil 2DS Tebuconazole %2 (tohuma)
14 Chlorpyrifos ethyl 250  Pyrimicro 25 CS 14 Thira-Fort 80 Thiram tetramethyithiuram
g/l WP disulphide %80
15 Lambda-cyhalothrin 50  Red Sunny 50 EC
g
Herbisit Akarisit
Ticari Ismi Aktif Maddesi Ticari Ismi Aktif Maddesi
1  Heckate SC Aclonifen 600 g/l 1 Apollo 50 SC Clofentezine 500 g/I
2 Titan 48 EC Clomazone 480 g/l 2 Suum 10 SC Etoxazole 110 g
3  Efsane 70 WP Metribuzin %70 w/w Nematosit
4  Safa Dram 6 E Monilate 720 g Ticari Ismi Aktif Maddesi
5 Dinox CS Oxadiazon 200 g/l 1 Javelin 400 EC Fenamiphos 400 gr/L
6 Reclame 330 EC Pendimethalin 330 g/l
7  Effor Siiper 5EC Quizalofop-p-ethyl 50 g
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2.2. Calismada kullanilan bakteriler

Calismada, Atatiirk Universitesi Ziraat Fakiiltesi Bitki Koruma Boéliimii Kiiltir Koleksiyonunda bulunan
toplam 9 bakteri izolat1 kullanilmistir. Bu izolatlardan 7’si daha 6nce yiiriitiilen ¢aligmalarda bitki geligsimi iizerine
olumlu etkileri tespit edilmis ve/veya biyoajan ozelligine sahip olan faydal bakteri izolat1 (Brevibacillus brevis
CP-1, Bacillus megaterium TV-6D, Bacillus subtilis TV-6F, Paenibacillus polymyxa TV-12E, Pseudomonas
flourescens TV-11D, Pseudomonas fluorescens FDG-37 ve Pantoea agglomerans RK-79) ve 2’si ise patojen
bakteri izolati (Erwinia amylovora RK-228 ve Pseudomonas syringae pv. syringae RK-268)’dir. Bu bakteri
izolatlari ile ilgili baz1 detayli bilgiler Tablo 2’de verilmistir.

Tablo 2. Calismada kullanilan bakteri izolatlar:
Table 2. The bacterial strains used in the study

Faydal Bakterileriler

izole edildigi Gram

MIS tanilama sonuclari Bi konukgu Ozelligi AF FC  Kaynak
CP-1 Brevibacillus brevis 0.650 Ricania simulans GP + +  Goktirk ve ark., 2018
TV-6D Bacillus megaterium 0.750  Bugdaygil kok GP + +  Samancioglu ve ark., 2016
TV-6F Bacillus subtilis 0.831  Bugdaygil kok GP K+ - Tozlu ve ark., 2016
TV-12E Paenibacillus polymyxa 0.551  Bugdaygil kok GP K+ +  Demirveark., 2018
TV-11D Pseudomonas flourescens  0.711 Pancar kok GN + +  Esringl ve ark., 2016
FDG-37 Pseudomonas fluorescens  0.222  Toprak GN + +  Karagoz ve ark., 2016
RK-79 Pantoea agglomerans 0.762  Elma yaprak GN + +  Kotan, 2002
Patojen Bakterileriler
izole edildigi Gram
MIS tanilama sonuclari BI konukgu Ozelligi AF FC Kaynak
RK-228 Erwinia amylovora 0.972  Armut gicek GN TE TE Kotan ve ark., 2004
RK-268 Pseudomonas syringae 0.676  Kayist siirgiin GN TE TE Kotan ve Sahin, 2006

pv. syringae

BI: Benzerlik indeksi; AF: Azotsuz besi ortaminda gelisim; FC: Fosfat1 ¢zebilme; +: Pozitif reaksiyon; K+: Kuvvetli pozitif reaksiyon; -:
Negatif reaksiyon; TE: Test edilmedi

2.3. Pestisit dozlarimin hazirlanmast

Tablo 1°de verilen pestisitlerin etiket bilgilerindeki 6nerilen dozlarinin steril distile su ile siispansiyonlart
hazirlanmigtir. Bu siispansiyonlar “Disk Diflizyon Ydntemi” kullanilarak Triptic Soy Agar Besiyerinde (TSA)
gelistirilen taze bakteri kiiltiirleri iizerinde bakterisidal etkileri i¢in test edilmistir

2.4. Taze bakteri kiiltiirlerinin gelistirilmesi

Atatiirk Universitesi Ziraat Fakiiltesi Bitki Koruma Bolimii Mikroorganizma Kiiltiir Koleksiyonunda, Luria
Bertani (LB) Broth ve %30 gliserol igerisinde -80 °C’de ultra derin dondurucuda muhafaza edilen bakteriler
buradan ¢ikarilarak ¢6ziilmeleri i¢in yarim saat bekletilmistir. Steril 6ze dolusu bakteri kiltirl daha 6nce
hazirlanan yiizeyi tamamen kurutulmus olan TSA besiyerine ayri ayr1 4 fazli olarak ¢izilmis ve 28 °C’ye
ayarlanmis, inkiibatorde 48 saat siireyle geligmeye birakilmistir. Gelisen bakterilerin saf kiiltiir olup olmadiklari
kontrol edilmis, kontaminasyon gdzlenenler paralel kiiltiirlerden ekim yapilarak yeniden saflastiriimistir.

2.5. Pestisitlerin bakteriosidal etkilerinin belirlenmesi

Gelisen saf ve taze bakteri kiiltiirleri kat1 besi ortamindan 6ze ile alinarak tiiplere aktarilmis, fizyolojik serum
(%0.85 NaCl) icerisinde BIOLOG tiirbidimetre standartlar1 kullamlarak 600 OD’de absorbanslar1 1 x 108 CFU
ml-*ye esitlenmistir. Bu kiiltiirlerden steril pipetle alinan 100 ul bakteri sispansiyonu TSA besi ortamimin tam
ortasina transfer edilerek, steril cam bagetle besi ortaminin tiim yiizeyine homojen bir sekilde yayilmistir. Her bir
pestisitin dnerilen dozlarinda hazirlanan siispansiyonlarindan alinan 15 pl pestisit Oxoid Blank Disklere (¢ap 6
mm) emdirilmis ve bu diskler bakterileri kiiltiirlerinin yayildig1 petrilerin tam orta noktasina yerlestirilmistir.
Kdltlrler 28 °C’ye ayarlanmig, inkibatérde 96 saat sureyle gelismeye birakilmistir. Bu inkiibasyon siiresinin
sonunda pestisit igeren diskin etrafindaki inhibasyon zonunun ¢ap1 milimetre cinsinden 6lgiilerek kaydedilmistir.
Her bir pestisit, her bir bakteri izerine etkisi icin testler 3 kez tekrar edilmistir.
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2.6. Sonuclarin degerlendirilmesi

Gelisen bakteri kiiltiirlerinde pestisit emdirilmis disklerin etrafinda olusan inhibasyon zonlarinin ¢api 6lgiilerek
ortalamalar1 almmistir. Ortalamalar virgiilden sonrasi1 0.5°den biiyilik olanlar {iist, kiiciik olanlar alt tam say1iya
yuvarlanmistir. Inhibasyon zonu olusturan aktif maddelerde hangi bakteri grubunda gram pozitif (GP) veya gram
negatif (GN) bakterilerin % kagina etkili olduguna bakilarak, bes farkli risk gruplandirmasi (0, 1, II, I ve V)
yapilmistir. Yapilan son degerlendirmede risk gruplandirmasi hangi bakteri grubunda daha yiiksek ¢ikmigsa aktif
maddenin risk grubu da 0 olmustur.

Test edilen GP veya GN bakteri gruplarindan hig birisinde bakterisidal

0. Grup (Risksiz Grup) etki gbstermeyen pestisitler.

Test edilen GP veya GN bakteri gruplarindan herhangi birisinin %1 ile

L Grup (Diisitk Riskli Grup) 25’inde etkinlige sahip pestisitler.

Test edilen GP veya GN bakteri gruplarindan herhangi birisinin %26 ile

. Grup (Riskli Grup) 50’sinde etkinlige sahip pestisitler.

Test edilen GP veya GN bakteri gruplarindan herhangi birisinin %51-

HI. Grup (Ytksek Riskli Grup) 75’inde etkinlige sahip pestisitler.

Test edilen GP veya GN bakteri gruplarindan %76-100’tinde

V. Grup (Gok Yiksek Riskli Grup) bakterisidal etki gosteren pestisitler.

3. Arastirma Sonugclar1 ve Tartisma

Toplam 39 farkli pestisitin kat1 besi ortaminda “Disk Diflizyon Yodntemi” kullanilarak yapilan testlerinde
Onerilen dozlari tizerinden olusan inhibisyon zonlar bakterisidal etki olarak degerlendirilmis, ilgili sonuglar Tablo
3, 4 ve 5°de verilmistir. Test edilen toplam 15 insektisitten 11’inin bakterilerin higbiri Gizerinde bakterisidal etki
olugturmadig1 goriilmiistiir (Tablo 3). Test edilen toplam 14 fungisitin 8’i (Tablo 4), 7 herbisitin ise 5’i en az bir
veya daha fazla bakteri Gzerinde bakterisidal etki gostermis (Tablo 5), 2 akarisit ve 1 nematosit ise bakteriler
tizerinde bakterisidal etki gostermemistir (Tablo 5). Ayrica, test edilen toplam 39 pestisitin hi¢ birisinin patojen
bakteriler Erwinia amylovora ve Pseudomonas syringae pv. syringae iizerinde bakterisidal etkisi olmamuistir.
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Tablo 3. In-vitro kosullarda test edilen insektisitlerin bazi bakteriler iizerine antimikrobiyal etkileri (inhibisyon zonu (mm))

Table 3. Antimicrobial effects of tested insectisides on some bacteria in in-vitro (Inhibition zone (mm))

Ticari [smi Insektisitin Aktif Maddesi Test Dozu Inhibasyon Zonlar1 (mm)*
Faydali bakteri Patojen bakteri
CP-1 TV-6D TV-6F TV-12E TV-11D FDG-37 RK-79 |IRK-228 RK-268

1 Plamec 18 EC Abamectin 18 g 100 ml/100 | - 8 - - - - - - -

2 Effore 20 SP Acetamiprid %20 80 g/1001 - - - - - - - - -

3 Cormoran 180 EC Acetamiprid 80 g/lI+Novaluron 100 g/l 50 ml/100 1 - - - - - - - - -

4 Best Alfa 100 EC Alphacypermethrin 100 g 400 ml/100 1 - - - - - - - - -

5 Battalion 100 EC Bifenthrin 100 g/I 200 mi/1001 - - - - - - - - -

6 Alban4EC Chlorpyrifos 480 g 200 mi/10011 27 - - - - - - - -

7 Pyrimicro 25 CS Chlorpyrifos ethyl 250 g/l 400 m1/100 | - - - - - - - - -

8 DicentraEC Dimethoate 400 g 400 ml/100 | - - - - - - - - -

9 Mocap 20 EC Ethoprophos 200 g/l 101/100 | 21 12 14 13 21 - - - -
10 Confidor SC 350 Imidacloprid 350 g/l 200 mi/1001 - - - - - - - - -
11 Capito SC Indoxacarb 75 g/l + Abamectin 18 g/l 140 m1/100 | - - - - - - - - -
12 Red Sunny 50 EC Lambda-cyhalothrin 50 g 300 ml/1001 - 9 8 - - - - - -
13 Hektas Aron SP Methomyl %90 160 g/100 | - - - - - - - - -
14 Napoleon 25 WP Oholo pyrifos-ethyl %25 2.4 kg/1001 - - - - - - - - -
15 Dicarvin 80 DF Thiodicarb %80 180 g/100 | - - - - - - - - -

-: Inhibasyon zonu olugmamustr.
GP ve GN bakteriler farkli renkle renklendirilmistir.
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Tablo 4. In-vitro kosullarda test edilen fungisitlerin bazi bakteriler iizerine antimikrobiyal etkileri (Inhibasyon Zonu (mm))

Table 4. Antimicrobial effects of tested fungucides on some bacteria in in-vitro (Inhibition zone (mm))

Ticari Ismi Fungisitin Aktif Maddesi Test Dozu Inhibasyon Zonlar1 (mm)
Faydali bakteri Patojen bakteri
CP-1 TV-6D TV-6F TV-12E TV-11D FDG-37 RK-79 |[RK-228 RK-268
1  Mastercop SC Bakir Pentahidrat 65.82 g/l 250 m1/100 | 27 11 - - 9 - - - -
2 Sunvax 200 FF Carboxin 205 g/l + Thiram 205 g/l 3000 ml/1001 - 11 13 - 9 - - - -
3  Cavalry 500 SC Chlorothalonil 500 g/l 600 ml1/100 | 20 12 11 - - - - - -
4 Voyage 50 WP Cymoxanil %50 60 g/100 | - - - - - - - - -
5 CeresWG Cymoxanil %30 + Famoxadone %22.5 80 g/100 | - - - - - - - - -
6  Koritus WG Cyprodinil %50 80 g/100 | - 9 12 9 14 - - - -
7  CehirSC Fludioxonil 12.5 g/l + Metalaxyl 5 g/l 1000 ml1/100 | - - - - - - - - -
8  Veliyette WP Fosetyl-Al %80 400 g/100 | - - - - - - - - -
9  Evakur SL Propamocarb-HCI 722 g/l 500 ml/100 | - - - - - - - - -
10 Broader 30 EC Propiconazole 150 g + Difenoconazole 150 g 100 mi/100 | 46 9 - - 13 - - - -
11  Gensil 2DC Tebuconazole %2 (tohuma) 150 g/100 kg - - - - - - - - -
12 Hekta Super FS Tebuconazole 60 g/l 5000 ml1/100 | - 9 - - 21 - - - -
13  Fersil 2DS Tebuconazole %2 (tohuma) 150 g/100 kg - 13 16 - - 11 - - -
14 Thira-Fort 80 WP Thiram tetramethyithiuram disulphide %80 800 g/100 | - 11 16 - 10 - - - -

-: Inhibasyon zonu olugmamistir.
GP ve GN bakteriler farkli renkle renklendirilmistir.
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Tablo 5. In-vitro kosullarda test edilen herbisitlerin, akarisitlerin ve nematositin bazi bakteriler iizerine antimikrobiyal etkileri (Inhibasyon Zonu (mm))

Table 5. Antimicrobial effects of tested herbicides, acaricides and nematocytes on some bacteria in in-vitro (Inhibition zone (mm))

Ticari ismi Herbisitin Aktif Maddesi Test Dozu inhibasyon Zonlari (mm)
Faydah bakteri Patojen bakteri
CP-1 TV-6D TV-6F TV-12E TV-11D FDG-37 RK-79 |RK-228 RK-268
1 Heckate SC Aclonifen 600 g/l 600 ml/100 | - - - - - - - - -
2 Titan 48 EC Clomazone 480 g/l 300 mi/1001 16 18 - 19 - - - -
3 Efsane 70 WP Metribuzin %70 w/w 150 gr/100 1 - - - - - - - - -
4 SafaDram 6 E Monilate 720 g 1200 mi/100 | - 11 11 - 10 - - - -
5 Dinox CS Oxadiazon 200 g/l 300 mi/1001 - - - 3 - - - -
6 Reclame 330 EC Pendimethalin 330 g/l 1000 mi/100 | - 9 11 - 10 - - - -
7 Effor Super 5EC Quizalofop-p-ethyl 50 ¢ 200 ml/100 1 - - - - 11 - - - -
Ticari Ismi Akarisitin Aktif Maddesi Test Dozu CP-1 TV-6D TV-6F TV-12E TV-11D FDG-37 RK-79 |RK-228 RK-268
1 Apollo50SC Clofentezine 500 g/l 80 ml/100 | - - - - - - - - -
2 Suum10SC Etoxazole 110 g 100 ml/100 | - - - - - - - - -
Ticari ismi Nematositin Aktif Maddesi Test Dozu CP-1 TV-6D TV-6F TV-12E TV-11D FDG-37 RK-79 |RK-228 RK-268
1 Javelin 400 EC Fenamiphos 400 gr/L 15L/100 L - - - - - - - - -

-: Inhibasyon zonu olugmamustir.
GP ve GN bakteriler farkl: renkle renklendirilmistir.
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Bakterisidal etki gosteren insektisit, fungisit ve herbisitlerin ayr1 ayr degerlendirilmelerinde GP ve GN
bakteriler tizerindeki etkinlikleri ve risk gruplandirma siiflart Tablo 6’da verilmistir.

Tablo 6. Farkh pestisit aktif maddelerinin faydali bakteri izolatlarina karsi bakterisidal risk
gruplandirmasi
Table 6. The bactericidal risk group of different pesticides active substance against useful bacterial strains

No Aktif Maddeler GPS 0iZ RG GNS OiZ RG TMS
Insektisit Aktif Maddeleri
1 Ethoprophos 200 g/l 4/4  15.00 IV 1/3 7.00 | 5/7
2 Lambda-cyhalothrin 50 g 2/4 850 1 0/3 0 207
3 Chlorpyrifos 480 g 1/4 6.75 | 0/3 0 17
4 Abamectin 18 g 1/4 2.00 | 0/3 0 17
Fungisit Aktif Maddeleri
1 Propiconazole 150 g + Difenoconazole 150 g 214 1375 1 1/3 4.33 1 3/7
2 Bakir Pentahidrat 65.82 g/l 2/4 9.50 | 1/3 3.00 | 317
3 Chlorothalonil 500 g/l 3/4 1075 1l 0/3 0 0 3/7
4 Thiram tetramethyithiuram disulphide %80 2/4 6.75 1 1/3 3.33 I 317
5  Cyprodinil %50 3/4 7.50 11 1/3 4.66 | 4/7
6  Carboxin 205 g/l + Thiram 205 g/l 2/4 6.00 1 1/3 3.00 | 37
7  Tebuconazole 60 g/l 1/4 2.25 1 1/3 7.00 1 217
8  Tebuconazole %2 (tohuma) 2/4 7.25 1 1/3 3.66 I 317
Herbisit Aktif Maddeleri
1  Clomazone 480 g/l 2/4 8.50 1 1/3 6.33 I 317
2 Monilate 720 ¢ 2/4 5.50 1 1/3 3.33 1 3/7
3 Pendimethalin 330 g/I 2/4 5.00 1 1/3 3.33 1 317
4 Quizalofop-p-ethyl 50 g 0/4 0 0 1/3 3.66 1 17
5  Oxadiazon 200 g/l 0/4 0 0 1/3 1.00 1 17

GPS: Bakterisidal etkiye maruz kalan GP bakteri say1sinin toplam GP bakteri say1sina oran1, OiZ: Ortalama inhibasyon zonu, RG: Risk grubu,
GNS: Bakterisidal etkiye maruz kalan GN bakteri sayisinin toplam GN bakteri sayisina orani, TMS: Bakterisidal etkiye maruz kalan bakteri
sayisinin toplam bakteri sayisina orant

Bakterisidal etki gosteren toplam 4 insektisitin tamami en az bir veya daha ¢ok GP, 1’1 ise GN bir bakteri izolat1
tizerinde etkili olmustur. Ethoprophos aktif maddesi test edilen 4 GP bakteri tizerine de etkili olurken, lambda-
cyhalothrin aktif maddesi test edilen 4 GP bakterinin 2’si, chlorpyrifos ve abamectin aktif maddelerinin ise test
edilen 4 GP bakterinin sadece 1’i iizerinde etkili olmustur. Ethoprophos aktif maddesi ise test edilen 3 GN
bakteriden sadece 1’isi ilizerinde bakterisidal etki gosteritken, diger aktiflerden higbirisi bakterisidal etki
gostermemistir. Bakterisidal etkiye sahip aktiflerin GP bakterilere karsi olusturduklari ortalama inhibasyon zonlar1
2-15 mm arasinda degisirken, GN bakterilere kars1 olusturduklart ortalama inhibasyon zonlar1 0-7 mm arasinda
degismistir. Test edilen insektisit aktiflerinin yapilan risk gruplandirmasinda; ethoprophos (200g/1) aktifi IV. risk
grubuna, lambda-cyhalothrin(50 g) aktifi II. risk grubuna ve chlorpyrifos (480 g) ve abamectin (18 g) aktifleri ise
L. risk grubuna dahil edilmistir.

Bakterisidal etki gosteren toplam 8 fungisitin tamami en az bir veya daha ¢ok GP, 7’si ise tek bir GN bakteri
izolat1 iizerinde etkili olmustur. Chlorothalonil (500 g/l) ve cyprodinil (%50) test edilen 4 GP bakterinin 3’iine;
propiconazole (150 g) + difenoconazole (150 @), bakir pentahidrat (65.82 g/l), thiram tetramethyithiuram
disulphide (%80), carboxin (205 g/l) + thiram (205 g/l), tebuconazole (60 g/l) ve tebuconazole (%2) aktifleri ise
test edilen 4 GP bakterinin 2’sine kars1 bakterisidal etki gostermistir. Chlorothalonil aktif maddesi GN bakteriler
tzerinde hicbir bakterisidal etki gdstermezken, geri kalan 7 aktif de sadece 1 GN bakteri izolatina kars1 etki
gostermigtir. Bakterisidal etkiye sahip aktiflerin GP bakterilere karsi olusturduklart ortalama inhibasyon zonlari
2.25-13.75 mm arasinda degisirken, GN bakterilere karsi olusturduklart ortalama inhibasyon zonlart 0-7 mm
arasinda degismigtir. Test edilen fungisit aktiflerinin yapilan risk gruplandirmasinda; chlorothalonil ve cyprodinil
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aktifleri I11. risk grubuna; geri kalan propiconazole + difenoconazole, bakir pentahidrat, thiram tetramethyithiuram
disulphide, carboxin + thiram ile farkl: iki ticari preparatta bulunan tebuconazole aktiflerinin her ikisi de I1. risk
grubuna dahil edilmistir.

Bakterisidal etki gdsteren toplam 5 herbisitin 3’ii en az bir veya daha ¢ok GP, 5’1 ise tek bir GN bakteri izolat1
tizerinde etkili olmugtur. Clomazone (480 g/I), monilate (720 g) ve pendimethalin (330 g/l) aktifleri test edilen 4
GP bakterinin 2’sine; Clomazone, monilate, pendimethalin, quizalofop-p-ethyl (50 g) ve oxadiazon (200 g/l)
aktifleri ise test edilen 5 GN bakterinin sadece 1’ine kargi bakterisidal etki gostermistir. Quizalofop-p-ethyl ve
oxadiazon aktifleri hi¢bir GP bakteri izolat1 lizerinde bakterisidal etki gostermemistir. Bakterisidal etkiye sahip
aktiflerin GP bakterilere karsi olusturduklari ortalama inhibasyon zonlari 5-8.50 mm arasinda degisirken, GN
bakterilere kars1 olusturduklari ortalama inhibasyon zonlar1 1-6.33 mm arasinda olmustur. Test edilen herbisit
aktiflerinin yapilan risk gruplandirmasinda; clomazone, monilate ve pendimethalin aktifleri 1l1. risk grubuna,
quizalofop-p-ethyl ve oxadiazon aktifleri ise L. risk grubuna dahil edilmistir.

Calismada test edilen GP ve/veya GN bakterilere kars1 bakteriyosidal etki gésteren bazi insektisit, fungisit ve
herbisitlerin risk gruplandirmalar (0-5) Sekil 1’de verilmistir.

Insektisit Fungisit Herbisit
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Figure 1. Risk groups of tested some insecticides, fungicides and herbicides in terms of bacterial fauna

Sekil 1. Calismada test edilen bazi insektisit, fungisit ve herbisitlerin bakteriyel fauna agisindan risk
gruplandirmalart

Test edilen toplam 15 insektisitin bir tanesi (Mocap 20 EC) GP bakteriler agisindan IV. risk grubuna girerken
GN bakteriler agisindan 1. risk grubuna girmistir. Ug insektisit ise (Red Sunny 50 EC, Plamec 18 EC ve Alban 4
EC) GP bakteriler agisindan I. veya II. risk grubuna girmistir. Geri kalan 11 insektisit (Effore 20 SP, Cormoran
180 EC, Best Alfa 100 EC, Battalion 100 EC, Pyrimicro 25 CS, Dicentra EC, Confidor SC 350, Capito SC, Hektas
Aron SP, Napoleon 25 WP ve Dicarvin 80 DF) ise her iki bakteri grubu igin de risksiz grupta yer almigtir.

Test edilen toplam 14 fungisitin yedisi (Koritus WG, Mastercoop SC, Sunvax 200 FF, Broader 30 EC, Fersil
2 DS, Thira-Fort 80 WP ve Hekta Siiper FS) GP ve GN bakteriler agisindan 1. ile III. risk grubuna girerken, bir
fungisit (Cavalry 500 SC) sadece GP bakteriler agisindan III. risk grubunda yer almigtir. Geri kalan alt1 fungisit
(Voyage 50 WP, Ceres WG, Cebir SC, Veliyette WP, Evakur SL ve Gensil 2 DC) ise her iki bakteri grubu icin de
risksiz grupta yer almustir.

Test edilen toplam 7 herbisitin ¢l (Titan 48 EC, Safa Dram 6 E ve Reclame 330 EC) GP ve GN bakteriler
acisindan 1. ile II. risk grubuna girerken, ikisi (Dinox CS ve Effort Siiper 5SEC) sadece GN bakteriler agisindan 1.
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risk grubunda yer almistir. Geri kalan iki herbisit (Heckate SC ve Efsane 70 WP) ise her iki bakteri grubu igin de
risksiz grupta yer almistir. Yine ¢aligmada test edilen akarisitlerden Apollo 50 SC ve Suum 10 SC; nematositlerden
Javelin 400 EC test edilen bakteri izolatlarina kars1 risksiz grupta yer alan grubu olusturmustur.

Tarimda kimyasallarin uzun siireli, yogun ve gelisi giizel kullanimi; insan ve ¢evre sagligini, gida giivenligini,
biyogesitliligi ve tarimsal siirdiiriilebilirligi ciddi anlamda tehdit eder bir hale gelmistir. Olusan ¢evre kirliligi
yasam alanlarimizda hava, toprak ve su Kkirlili§i olarak karsimiza c¢ikmakta ve sonucta tiim ekosistemi
etkilemektedir. Yapilan bu calismada, test edilen 15 farkli insektisitin 4’1 (%26.66), 14 farkli fungisitin 8’i
(%57.14), 7 farkli herbisitin 5’1 (%71.42) bakterisidal etki gostermis, 2 akarisit ve 1 nematosit herhangi bir
bakterisidal etki gostermemistir. Toplamda test edilen 39 pestisitin 17’si (%43.58) bakterisidal etki gdstermis,
pestisitlerden etkilenen bakterilerin tamami faydali bakteriler ve biiyiik bir ¢ogunlugu ise GP bakterilerden
olusmustur. Bu ¢aligmada kullanilan faydali bakteri izolatlarinin tamami, daha 6nce yiiriitiilmiis caligmalarda izole
edilmis, ya bitki gelisimi ya da biyolojik miicadele agisindan test edilmis ve ¢ok olumlu aktiviteleri ispatlanmig
izolatlar arasindan segilmistir. Bu caligmalarda, Bacillus megaterium TV-6D (Samancioglu ve ark., 2016),
Pseudomonas flourescens TV-11D (Esringli ve ark., 2016) ve Paenibacillus polymyxa TV-12E (Demir ve ark.,
2018) bitki gelisimi agisindan, Bacillus subtilis TV-6F (Tozlu ve ark., 2016), Brevibacillus brevis CP-1 (Gokturk
ve ark., 2018) ve Pseudomonas fluorescens FDG-37 (Karagdz ve ark., 2016) biyolojik miicadele agisindan,
Pantoea agglomerans RK-79 (Kotan, 2002) izolat1 ise her iki a¢idan da 6ne ¢ikmistir. Caligmada kullanilan patojen
tarler E. amylovora (Kotan ve ark., 2004) ve P. syringae pv. syringae (Kotan ve Sahin, 2006)’den ibaret olup, test
edilen pestisitlerin higbirisi bu patojen tiirler lizerinde antibakteriyel etki gdstermemistir.

Toprak; tarimda kullanilan tohum, su veya hava gibi ana materyaller icerisinde belki de en 6nemlisidir. Artik
giliniimiizde canlt bir sistem olarak kabul edilen toprakta olusabilecek kimyasal bir kirlilik; sadece topragin
dokusuna degil, ayn1 zamanda i¢indeki biyolojik aktiviteye ve dolayisi ile topragin verimliligine de etki etmektedir.
Bir bagka ifadeyle, agir metaller veya toksik kimyasallar ile kontamine olmus topraklarda yapilan bitkisel veya
hayvansal Uretim sonucu, bu toksik maddelerin gida zincirine dahil olmasi ile bagta insan olmak {izere o kirli
alandaki tiim canli sistemlerin etkilenmesi kagmilmazdir. Ilk sirada bakteriler olmak (izere topraktaki
mikroorganizma sayisinin fazlaligi ve gesitliligi toprak sagligi ve verimliliginin de dolayli bir gostergesidir.
Toprakta veya bitkinin toprak iistii organlarinda yasayan ve bitki lehine ¢alisarak bitki bilylimesini destekleyen
veya biyolojik miicadelede gorev alan bu faydali organizmalarin korunmasi siirdiiriilebilir tarim agisindan oldukga
énemli bir husustur (Imriz ve ark., 2014).

Tarimda kullanilan kimyasallar toprakta bulunan faydali mikroorganizmalarin popiilasyonlarinin azalmasina
neden olmaktadir (Aktar ve ark., 2009). Cinko, bakir ve kursun gibi elementler toprak partikillerine kuvvetlice
yapigarak topragin iist tabakasinda uzun siire kalabilmektedirler (Tokath ve Atilgan Helvacioglu, 2020). Lo (2010),
1990-2010 yillar1 arasinda yaymlanan birgok arastirmayr degerlendirdigi derleme g¢alismasinda; pestisitlerin
ruhsatlandirilmasi ile ilgili yonetmeliklerde, bunlarin toprak mikroorganizmalari ve toprak verimliligi iizerinde
etkileri ile ilgili bilgi istenildigini, ancak bunun farkli yapidaki pestisitlerin farkli gruplardaki mikroorganizmalar
iizerine etkilerinin degerlendirilmesinin kolay olmadigini belirtmis, bazi pestisitlerin mikroorganizmalarin
biliylimesini uyardigini, bazilarinin da depresif etkilerinin oldugunu veya mikroorganizmalar iizerinde higbir
etkilerinin olmadigini da bildirmistir.

Arora ve Sahni (2016), kimyasal pestisitlerin toprak mikroorganizmalarinin aktivitelerini bozdugunu,
Heinonen-Tanski ve ark. (1985) ise pestisitle muamele edilmis topraklarda, toplam mikroorganizma sayisinin
arttigini belirtmislerdir. Bir diger caligmada, karbonfuran etken maddesinin sulanan veya sulanmayan topraklarda
Azospirillum ve diger anaerobik azot fiksasyonu yapan mikroorganizmalarin popiilasyonunu artirdigs; biitaklor
aktif maddesinin ise sulanan topraklarda bu bakterilerin popiilasyonunda azalmaya sebep oldugu kaydedilmistir
(Jena ve ark., 1987). El Fantroussi ve ark. (1999), diuron ve klorotoluron aktif maddelerinin; islenmis ve
islenmemis topraklarda, mikrobiyal fauna ilizerinde higbir fark gostermedigini, linuron aktif maddesinin ise
olumsuz etki gosterdigini belirtmislerdir. Yine, ayni ¢alismada, fosforlu herbisitlerden glifosatin ve insektisitlerden
methamidophos aktif maddeli olanlarin topraktaki mikrobiyolojik aktiviteyi tesvik ettigi ancak diger fosfor iceren
insektisitlerden fenamifoslarin aktif maddesinin ise olumsuz etki ettigi bildirilmistir. Bir bagka ¢alismada da;
prometryne aktif madde igeren herbisitlerin soya fasulyesi ve aygiceginde uygulanmasi sonucunda, topraktaki
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Azotobacter ve diger bazi faydali bakterilerin biyolojik aktivitesinin 28 giinliik herbisit uygulamasindan sonra
giiclti bir sekilde azaldigimin tespit edildigi de belirtilmistir (Govaderica ve ark., 2001). Yabanci ot kontroliinde
yaygin olarak kullanilan 2,4-D’nin mavi yesil aglerde ve Rhizobiumlarin aktivitesinde ciddi derecede azalmaya
sebep oldugu vurgulanmig (Fabra ve ark., 1997), herbisit uygulanmis topraklarda total bakteri sayisinda azalmanin
oldugu da kaydedilmistir (Dickinson, 1973). Al-Ani ve ark. (2019), Glifosat %48, Miraj (Alphacypermethrin %10)
ve Malathion (%50 WP)’un farkli dozlarini uyguladiklar: topraktaki bakteri, mikrofunguslar ve aktinomisetlerin
mikrobiyal aktivitelerini ve sayilarini olumsuz yonde etkiledigini ve sayica azalttigin tespit etmislerdir. Yine,
Ubuoh ve ark. (2012), glifosfat uygulamalarinin toprakta bulunan mikrobiyal popiilasyonda ciddi azalmaya neden
oldugunu ortaya koymuslardir. Ko¢ ve Yardim (2019) ise, bugday agro-ckosisteminde yaptiklart pestisit
uygulamalarinin toprakta bulunan fungal ve bakteriyel mikroorganizmalar iizerine 6nemli diizeylerde etkilerinin
olmadigini saptamiglardir.

Ulkemizde de kimyasal pestisitlerin topraktaki mikrobiyal canlilik iizerine etkileri ile ilgili baz1 galismalar
yapilmistir. Bu ¢aligmalar daha ¢ok belirli pestisitlerin topraktaki faydali ya da zararli mikroorganizmalar {izerine
etkisinden ziyade, toplam sayilarmin degerlendirilmeleri iizerindendir. Ornegin yapilan bir calismada;
Kahramanmarag yoresinde yaygin olarak kullanilan fungisitlerden Safomyl 50 WP, insektisitlerden Decis EC 25
ve herbisitlerden Tefralin’nin toprak mikrobiyotasi iizerine etkisi arastirilmis, Safomyl ile muamele edilen toprakta,
maya-kif sayisinin arttig1, Decis ile muamele edilen toprakta toplam bakteri sayisinda azalma oldugu, Tefralin
uygulanan toprakta ise toplam maya-kiif ve canl bakteri sayisinda azalma oldugu tespit edilmistir (Oren ve ark.,
2009). Dogrudan arazide yapilan ¢aligmalarda ortam kosullarina bagl olarak da pek ¢ok etkinligin degisebilecegi
muhtemeldir. Ozellikle faydal olduklar1 daha &nceki galismalar ile tespit edilen bakteri izolatlarmin secilerek
pestisitlere kars1 hassasiyetlerinin kontrollii kosullarda 6l¢giilmesi, pestisitlerin topraklarda olusturduklar: tahribati
tahmin etmede 6nemli bir kriter olacaktir.

Pestisitlerin faydali bakteri popiilasyonlar1 tizerine muhtemel olumsuz etkilerinin degerlendirildigi bu
calismada, ozellikle herbisitler (%71.42) agisindan riskin daha biiyiik oldugu ve herbisitleri fungisitler (%57.14)
ile insektisitlerin (%26.66) takip ettigi goriilmiistiir, test edilen akarisit ve nematosit aktif madde sayilarinin gok
az olmasi dolayisi ile bu gruplar igin genel bir degerlendirme yapilmamigtir. Test edilen toplam 39 farkli pestisitin
13 adetinin yani %33.33’{inlin 7 faydali bakteriden en az birine karsi bakteriyosidal etkiye sahip oldugu
gorilmiistiir. Faydali bakteriler {izerinde bakteriyosidal etkiye sahip bu 13 farkli pestisitin tamami GP bakteriler
iizerinde etkili olurken, sadece 3’ii 2 farkli GN bakteri {izerinde etkili bulunmustur. Pestisitlere karsi GP
bakterilerin, GN bakterilere gére ¢ok daha hassas oldugu tespit edilmistir.

Cevrenin pestisite maruz kalmasinda toprak tipi, iklimsel faktorler, yapilan tarimsal islemler, pestisitin
uygulama zamani, uygulama sekli, aletin dzellikleri gibi pek ¢ok faktdr kritik rol oynamaktadir. Ornegin, Khan ve
ark. (2006), herbisitlerin kumlu- Killi- tinli topraklarda nohutun mikrobiyal birlikteligi ve canlilii iizerinde 6nemli
diizeyde olumsuz etkilerinin oldugunu bildirmislerdir. Her bir aktif maddenin tek basina mikroorganizmalar
tzerine etkinliklerinin test edilmesi elbette ki blytik 6nem arz etmektedir. Ancak, bitkisel tretimde bir tiriinde ayn1
vejatasyon siiresi igerisinde bir pestisit birkag defa kullanildig: gibi, ¢ok sayida farkli aktif madde igerikli pestisitler
de ayni liretim alanlarinda kullanilmaktadir. Bu aktif maddelerin bitkiden veya toprak ylizeyinden yikanarak toprak
derinliklerine indiginde birbirleri ile olan yeni kimyasal baglanmalar veya kopmalari sonucu olusabilecek yeni
maddelerin toksisiteleri konularinda herhangi bir bilgi mevcut degildir.

Topraktaki faydali veya zararli mikrobiyal popiilasyonlarin dengesindeki bozulmalarin mutlaka toprakta birgok
dengeyi degistirecegini diisiinmek ¢ok da yanls bir bakis agis1 olmayacaktir. Popiilasyonda dominant olan patojen,
pestisit uygulamasi ile kontrol edildiginde, azmlikta olan bir diger patojen yeni dominant patojen olarak ortaya
cikabilmektedir. Ornegin; Rhizoctonia solani'yi kontrol etmek igin pentachloronitrobenzen igerikli fungisitlerin
kullanilmasinin Pythium ve Fusarium tiirlerinin neden oldugu fidelik hastaliklarinin artmasma yol agtigl,
benzimidazole ve chlorothalonil igerikli fungisitlerin kullanilmasinin ise Sclerotium rolfsii'nin dogal antagonisti
olan Trichoderma viride'yi baski altina almasindan dolay:1 hastaligin artmasina neden oldugu belirtilmektedir
(Sinha ve ark., 1998). Ayrica, fungisit uygulama programlarinin basarisizliinda yanlis kullanim ve uygun
olmayan piiskiirtme zamanlamasinin da etkili oldugu da g6z 6niinde bulundurulmalidir (Koyctii ve ark., 2018).

Bitki gelisimi agisindan 6zellikle GP bakteriler igerisinde yer alan Bacillus ve Paenibacillus cinslerine dahil
birgok tiiriin gok 6nemli oldugu bilinmektedir. Bu ¢aligmada pestisitlerin bu bakteri cinslerine ait test edilen tiirlere
etkili olmasi pestisitlerin faydali bakteriler lizerindeki baskis1 agisindan oldukca dikkat ¢ekicidir. Ayrica, test

209



Kotan & Tozlu
Bazi Pestisitlerin Faydali Bakteriler ve Patojen Bakteriler Uzerine Bakterisidal Etkilerinin Belirlenmesi

edilen toplam 39 pestisitin hi¢ birisinin patojen bakteri E. amylovora (Kotan ve ark., 2004) ve P. syringae pv.
syringae (Kotan ve Sahin, 2006) Uzerinde bakteriyosidal etki gostermemesi de dikkat gekicidir. Patojen
mikroorganizmalarin ekstrem kosullara dayaniminin patojen olmayanlara kiyasla ¢ok daha yiiksek oldugu fikrini
destekler niteliktedir. Ancak, ¢ok daha dogru yorumlar yapilabilmesi i¢in pestisitlerin mikrobiyal topluluklar
iizerindeki uzun vadeli etkileri ve toprak ortamindaki uzun vadeli eko-toksikolojik etkileri iizerinde iyi tasarlanmig

calismalara ihtiya¢ oldugu da muhakkaktir.

Pestisitler sadece toprakta veya c¢evredeki faydali mikrobiyal fauna (izerine olumsuz etki etmekle
kalmamaktadirlar. Bitkilerin dogrudan veya dolayli olarak toprakta kalan pestisiti biinyesine almasi ve bu bitkilerin
insan gidasi veya hayvan yemi olarak kullanilmasi sonucunda pestisitler insanlarin gida zincirine girmektedirler
(Tiryaki ve ark., 2010). Diinya Saglik Orgiitii (WHO), gelismekte olan iilkelerde tarimda kullanilan kimyasallardan
dolay1 yilda ti¢ milyon zehirlenme vakasi oldugunu belirtmektedir (Meena ve ark., 2020). Kirli toprakta sagliksiz
yetisen bitkisel {irlinler ise insan ve hayvan hayatini dogrudan olumsuz etkilemektedir (Caglarirmak ve Hepgimen,
2010). Agir metaller; maruz kaliman doz, genetik, kisinin bagigiklik direnci ve genel saglik hali, yasi, beslenme
diizeyi gibi faktorlere bagli olarak insanlarda en basta kanser olmak {izere ¢esitli hastaliklara sebep olmaktadirlar
(Caglarirmak ve Hepcimen, 2010). Ozellikle bu toksik maddelerin igme sularma karsabilirlikleri de
diistiniildiigiinde konunun ¢ok daha kaygi verici oldugu anlagilmaktadir. Bu yiizden, tarimsal faaliyetlerde bulunan
igletmelerin, igme suyu havza alanlarindaki olumsuz etkilerinin mutlaka minimize edilmesi gerekmektedir (Olhan
ve Ataseven, 2009). Ayrica, pestisitlerin insanlarda toksik olmalar1 nedeniyle miicadelede galisan herkesin
bunlarin kullanimi sirasinda meydana gelebilecek potansiyel zarardan sakinmalari biiyiik 5nem tasimaktadir (Yesil
ve Ogiir, 2011).

Tarimda kullanilan kimyasal giibrelerin de pestisitlere benzer etkilerinin oldugu ve 6zellikle yiiksek dozlarda
kullanildiklarinda azotlu giibrelerin saglik ve ¢evresel agidan ciddi riskler olusturdugu bilinmektedir. Bu kimyasal
giibreler 6zellikle de yogun tarim yapilan alanlarda yeterli uygulanmadiginda verim ve kalitede 6nemli kayiplara
neden olmakta, buna karsin fazla uygulandiginda ise 6zellikle azot ve fosforlu giibrelerin yikanmasi ile taban ve
ylizey sularinin kirliligine, azot oksit (NO, N,O, NO,) emisyonu ile de hava kirliligine yol agmakta, ayrica, azotlu
giibrelerin fazla kullanilmas1 durumunda da 6zellikle yapragi yenen sebzelerin yapraklarindaki nitrat miktarindan
dolay1 da insan sagliginin olumsuz etkilenmesine neden oldugu kaydedilmektedir (Atilgan ve ark., 2007).

4. Sonug

Bu calismada test edilen insektisit, fungisit ve herbisit i¢eriklerinde kullanilan aktif maddelerden faydali
bakteriler lizerindeki etkileri bakimindan yapilacak bir degerlendirmeden riski yiiksek olandan daha diisiik olana
dogru bir siralama yapmak gerekebilir. Buna gore; 1. Insektisit aktif maddelerinden siras1 ile ethoprophos, lambda-
cyhalothrin, chlorpyrifos ve abamectin; 2. Fungisit aktif maddelerinden sirasi ile propiconazole + difenoconazole,
bakir pentahidrat, chlorothalonil, thiram tetramethyithiuram disulphide, cyprodinil ve carboxin +thiram,
tebuconazole 60 g/l ve tebuconazole; 3. Herbisit aktif maddelerinden sirasi ile clomazone, monilate, pendimethalin,
quizalofop-p-ethyl ve oxadiazon igerikli iiriinlerin kullaniminda ¢ok daha dikkatli olunmasi1 gerekir. Bu aktif
maddeler antimikrobiyal etkilerinden dolay1 kesinlikle bakteri ya da fungus icerikli mikrobiyal glibre veya
biyopestisitler ile karistirilmamali, mutlak kullanilmak zorunda kalindigi zaman ise 6nce ilag uygulanmali, en az
4-5 glin gegtikten sonra da mikrobiyal iiriin uygulamasi yapilmalidir. Daha dnce mikrobiyal {iriin uygulamasi
yapilmigsa da mutlaka mikrobiyal iiriin tekrar uygulanmalidir. Risk grubunda olmayan ve herhangi bir bakterisidal
etkisinin olmadig1 goriilen aktif maddeli pestisitlerde ise daha detayli caligmalara gerek oldugu, ancak biyolojik
iriinler ile uygulama zorunlugu oldugu durumlarda ise hemen uygulama Oncesi karistirilarak, hi¢ bekletilmeden
uygulanmasi 6nerilebilir. Bunun i¢in de tarimda kullanilan kimyasal giibre ve pestisitlere alternatif saglik ve cevre
acisindan risk icermeyen triinlere ve ¢evre dostu tarim yontemlerine mutlaka ihtiya¢ vardir.
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Effects of Chemical and Organic Fertilizer Treatments on Yield and Quality Traits of
Industrial Tomato

Kimyasal ve Organik Giibre Uygulamalarinin Sanayi Domatesinin Verim ve Kalite
Ozellikleri Uzerine Etkileri
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Abstract

Increasing plant production by protecting the environment is one of the main goals of today's agriculture. On the
other hand, the use of both inorganic and organic fertilizers is becoming increasingly extensive. This study was
carried out in field conditions to determine the effects of organic and inorganic fertilization on yield and quality
characteristics of industrial tomato (Solanum lycopersicum L., cv. Heinz 1015 F,). For this purpose, contents of
fruit total soluble solid contents, total dry matter, titratable acidity, lycopene, total carotenoids, and vitamin C
contents and yield (marketable yield and paste yield) were determined. Experiments were conducted in randomized
blocks design with 3 replications. There were seven experimental treatments as of control (without fertilizer),
chemical fertilizer, organic farmyard manure, sheep manure, poultry manure, vermicompost and leonardite.
According to the research results, the highest marketable and tomato paste yield were obtained from chemical
fertilizer, followed by organic fertilizers and the lowest values were obtained from the control. As compared to
chemical fertilizers, organic fertilizers influenced fruit quality attributes more positively. The highest lycopene,
total carotenoid and vitamin C contents were obtained from organic fertilizers, especially from poultry manure.
Fruit soluble solids and dry matter contents, important processing traits assumed by tomato industry, were obtained
from poultry manure treatments. Fruits from leonardite-treated plants had considerably higher titratable acidity
levels. Except for total dry matter and titratable acidity, lowest values of quality parameters considered important
in industrial tomatoes were obtained from unfertilized (control) plots. Present findings revealed that chemical
fertilizers were essential for high and economic yield levels in tomato farming, but organic fertilizers should also
be supplemented to improve tomato fruit quality attributes.
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Ozet

Cevreyi koruyarak bitkisel iiretimi artirmak giiniimiiz tariminin ana hedeflerinden birisidir. Diger yandan,
inorganik ve organik giibrelerin kullanimi giderek artmaktadir. Bu ¢aligma organik ve inorganik giibrelemenin
domatesin (Solanum lycopersicum L., cv. Heinz 1015 F1) verim ve kalite 6zelliklerine etkisini belirlemek amaciyla
tarla kosullarinda gergeklestirilmistir. Bu amagla domates meyvesinde toplam suda ¢6zlebilir kuru madde, toplam
kuru madde, titre edilebilir asitlik, likopen, toplam karotenoid ve C vitamin icerikleri ile verim (pazarlanabilir
meyve ve sal¢a verimi) belirlenmistir. Deneme tesadiif bloklar1 deneme desenine uygun olarak, 3 tekrarlamali
olarak planlanmis ve domates bitkilerine kontrol (giibre uygulanmayan), kimyasal glbre, organik ¢iftlik gtibresi,
koyun gubresi, tavuk glbresi, solucan gilbresi ve leonardit olmak Uzere yedi farkl giibre uygulamasi yapilmigtir.
Arastirma sonuglarina gore, domateste en yiiksek pazarlanabilir meyve verimi ve salca verimi kimyasal
giibrelemeden elde edilirken, bunu organik giibreler izlemis ve en diisiik verim degerleri kontrol uygulamalarindan
elde edilmistir. Organik giibrelerin kullanimi, meyve kalite 6zelliklerini kimyasal glibrelere gore daha olumlu
etkilemistir. En yiiksek meyve likopen, toplam karotenoid ve C vitamin igerikleri organik giibrelerden, dzellikle
tavuk giibresinden elde edilmistir. Domates isleme endiistrisi i¢in nemli sayilan meyvede suda ¢oziinebilir katilar
ve kuru madde igerikleri bakimindan en yiiksek degerler tavuk giibresinde bulunmustur. Leonardit uygulanmis
domateslerde titre edilebilir asitlik dnemli derecede yiksektir. Diger taraftan sanayi domateslerinde kalite
oOzellikleri (toplam kuru madde ve titre edilebilir asitlik hari¢) en diisiik meyveler, giibre uygulanmayan domates
bitkilerinden elde edilmistir. Arastirma sonuglar1 verimli ve ekonomik domates yetistiriciligi i¢in kimyasal
giibrelerin gerekli oldugunu, ayni zamanda domates meyve kalitesini arttirmak icin de organik giibrelerin
kullanilmasi gerektigini gostermistir.

Anahtar Kelimeler: Verim, Kalite, Organik giibreler, Kimyasal glbreler, Domates
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1. Introduction

Fertilizers implicate substances applied to soil to supply essential chemicals required for plant growth and
development (Ulusu and Yavuzaslanoglu, 2015). Insufficient fertilizations result in serious losses in yield and
quality. On the other hand, excessive applications result in nitrogen and phosphorus leaching into ground waters
and then into surface waters through groundwater flows and consequently water pollution. Nitrous oxide emissions
also generate air pollution (Guler, 2004).

Plant growth and yield largely depend on quality and quantity of fertilizers (Chang et al., 2010). Fertilizers are
classified into two broad groups as of inorganic and organic. Organic fertilizers are generally obtained from plant
and animal wastes or minerals, thus they are renewable and soluble in nature and therefore they are sustainable
and environment-friendly substances. Organic fertilizers improve soil structure and increase water and nutrient
holding capacity of the soils (Ulusu and Yavuzaslanoglu, 2015). As it was in inorganic fertilizers, organic
fertilizers not only the improve plant growth and development through meeting plant nutrient requirements, but
also suppress pest populations (Bulluck and Ristaino, 2002). Nileemas and Sreenivasa (2011) reported that organic
fertilizer treatments increased soil microbial activity and improved availability of nutrients for tomatoes. Edmeades
(2003) reported that organic fertilizers (sheep, cattle manure and poultry litter and green fertilizers) improved
organic matter accumulation and soil N, P, K, Ca and Mg contents.

Schnitzer and Khan (1972) indicated that humic compounds improved plant nutrient uptake from the soils, soil
water holding capacity, loosened soil structure and improved soil aeration. Humic substances are primary
constituents of leonardite and can be classified into humic acid and fulvic acid. Leonardite is rich in organic matter
(50-75%) and its humic acid content varies between 30-80% (Akinremi et al., 2000). Istanbulluoglu (2012) defined
that leonardite as an organic substance not fully carbonized like coal and rich in humic acid, organic carbon, macro
and micronutrients. Demirkiran et al. (2012) indicated that leonardite could efficiently be used as a fertilizer in
organic tomato farming. Vermicompost treatments had positive effects also on soil physical characteristics,
increased aggregate stability and decreased bulk density of the soils (Aktas and Yiiksel, 2020). It was reported in
previous studies that humic compounds, including humic acid, improve plant root and shoot growth and
development and nutrient uptake and enhance plant resistance to biotic and abiotic stress factors (Akinremi et al.,
2000; Dursun et al., 2002; Serenella et al., 2002; Cimrin and Yilmaz, 2005; Unlu et al., 2010).

Chemical and organic fertilizers may have both positive and negative impacts on plant growth and development
and soil structure. Chemical fertilizers are relatively cheaper, easy to use, contain high quantity of nutrients and
they can easily be up taken by the plants. On the other hand, excessive use of chemical fertilizers results in soil
degradation, ground and surface water pollution through nutrient leaching into these sources, soil acidity or
alkalinity, reduction in beneficial microbial populations, increase plant sensitivity against the pests. Chemical
fertilizers also pose some risks on environment, human and animal health (Chen 2006; Mahmood et al., 2017).
Therefore, organic fertilizers are started to be used in agricultural practices as an alternative to chemical fertilizers
(Ece et al., 2007).

Tomato is one of the most important fruit crops grown throughout the world (Atkinson et al., 2011). Tomato
is consumed in different forms including bulk paste, puree, ketchup, tomato juice, fresh and dry tomato. In 2019,
4.005.935 tons industrial tomato was produced in Turkey. Bursa province with an annual production of 1.152.974
tons is the leading industrial tomato producing province of Turkey (TUIK, 2019). It is quite significant to search
for whether organic or inorganic fertilizers are to be used in industrial tomato cultivation, or a mid-way should be
found between two types of fertilizers. Therefore, this study was conducted to investigate the effects of organic
and inorganic fertilizers on industrial tomato yield and quality attributes influencing tomato paste quality.

2. Materials and Methods

2.1. Plant material and experimental site

Field experiments were conducted in summer growing season (May-August) of 2019 over the experimental
fields of Mustafakemalpasa Vocational School of Bursa Uludag University (40°02' N, 28°23" E., altitude 22 m).
“Heinz-1015" industrial hybrid tomato (Solanum lycopersicum L.) cultivar, commonly used in commercial tomato
farming of Turkey, was used as the plant material of the experiments. Tomato seedlings were supplied from a
commercial seedling company (Marmara Seedling Product. Agri. Industry Trade Ltd. Co. Bursa, Turkey).
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Experimental soils were clay-loam in texture, unsaline (0.49 dS mt) with slightly alkaline reaction (pH=7.9)
and high lime content (11.9%). Soils were rich in available potassium (283.0 mg kg™), low in phosphorus (11.8
mg kg™, poor in organic matter (2%), moderate in total nitrogen (0.17%), and sufficient in zinc (0.71 mg kg™).
Summers are hot and dry and winters are rainy in the region. Long-average climate data (1928 — 2018) and climate
data for the tomato growing season of the region (May-August 2019) are provided in Table 1.

Table 1. Climatic data in long-time averages and averages for the months of the study

Precipitation (mm) Relative humidity (%) Mean temperature °C
Months 2019 1928-2018 2019 1928-2018 2019  1928-2018
May 52 43.4 72 62 19.7 17.7
June 37 36.5 64 58 24.4 22.1
July 35 17.7 65 56 245 245
August 26 13.8 64 57 251 24.3

2.2. Agronomic practices

The experimental design consisted of randomized complete blocks with three replicates. Each replicate had 20
plants. About 1.5 m spacing was provided between the plots. Two extra rows were placed around each plot as to
consider side effects. Treatments were randomly assigned to each plot. Tomato seedlings were planted in the field
with 35cm between plants within rows x 140 cm between rows spacing on 7™ of May. Herbicide was not applied
and weed control was practiced with manual hoeing. Standard cultural practices were applied throughout the
growing season. Plants were irrigated with drip irrigation method and irrigation water was supplied from
groundwater.

Six different fertilizers (5 organic fertilizers and one chemical fertilizer) were applied to tomato plants.
Fertilizers were not applied to control plots (To). Chemical fertilizer (T1) was applied to experimental plots at soil
tillage. As base fertilization P,Os 80 kg ha, K;0 50 kg ha* and 75 kg ha* N were applied before sowing and
additional N 75 kg ha! was applied at small-fruit stage (Salk et al., 2008). The source used were triple super
phosphate, potassium sulphate and ammonium sulfate. All organic fertilizer treatments; organic farmyard manure
(T2), sheep manure (T3), poultry manure (T4), vermicompost (Ts) and leonardite (Ts) were performed three weeks
before planting as 30 t ha™. In this study, the applied quantities of organic fertilizers were based on usual
application by local farmers (Mohammad et al., 2013).

Organic fertilizers were supplied from a commercial supplier. Some characteristics of organic fertilizers are
provided in Table 2.

Table 2. Some physical and chemical properties of organic manures used in the experiment

Organic C/N  Moisture pH N P K
Treatments

matter (%) (%) (%) (%) (%)
Organic Farm Manure 50 12.0 20 7.0-8.0 250 250 2.50
Sheep Manure 53 19.0 35 6.7 155 057 1.58
Poultry manure 65 4.9 15 55-75 4.00 200 2.00
Vermicompost 30-50 12.8 25-35  7.0-90 250 200 2.50
Leonardite 40 17.0 35 58-7.8 179 024 1.35

2.3. Harvest and Analyses

Tomato fruits were harvested at full-red stage between 26 July — 15 August in 6 harvests. Fruits were picked
when totally ripe and classified as marketable or non-marketable (fruits with mechanical, physiologic and/or
phytosanitary damages) (Campos et al., 2006). Marketable fruits were weighed after each harvest and marketable
yield t ha-twas calculated by taking 1.40 x 0.35m spacing into consideration. For paste yield (PY, t ha™t); harvested
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tomato fruits were washed, scrapped, chopped and heated up to 85-90 °C (heated processing method), passed
through pulper. Resultant pulp was evaporated in open caldrons until soluble solids dry matter of 28% (28°Brix)
(Cemeroglu et al., 2003).

For analyses, 10 fruits were randomly selected from each plot after each harvest. Selected fruits were washed
through tap water, and then rinsed through distilled water. Cleaned fruits were deseeded and ground. Ground
samples were dried in an oven at 70 °C for 48 hours and weighed to get dry matter (DM, %) contents. Soluble
solid contents (SSC) were determined in a refractometer (Abbe-type refractometer, model 60/Direct Reading,
Bellington and Stanley Inc., Kent, UK) directly with the use of fruit juice and results were expressed in °Brix at
20 °C. Titratable acidity (TA) content was determined by titration with 0.1 N sodium hydroxide (NaOH), using
phenolphthalein as an indicator and results were expressed in % citric acid (Soare et al., 2018). The lycopene and
total carotenoid contents were determined by petroleum ether-acetone extraction and measured at the wavelength
of 452 and 472 nm using a spectrophotometer (Shimadzu UV-1208, Shimadzu Co., Kyoto, Japan) (Adsule and
Dan, 1979; Tepic et al., 2006). Lycopene and carotene contents were expressed in mg 100 g*. Vitamin C (ascorbic
acid) (mg 100 g%) content was determined by indicator of homogenate fresh samples (AOAC, 1980).

2.4. Statistical analyses

Experimental data were subjected to analysis of variance with SPSS software (IBM® SPSS® Statistics for
Windows, Version 20.0, Copyright, 2011, IBM Corp, Armonk, NY). Significant means were compared with the
use of Duncan’s multiple range tests.

3. Results and Discussion

Effects of chemical and organic fertilizer treatments on marketable yield were found to be significant (Table
3). The highest yield (70.22 t ha'!) was obtained from chemical fertilizer treatment and the lowest yield (15.24 t
hal) was obtained from the control treatments (no fertilizer application). Organic fertilizer treatments had greater
yields than the control, but lower than the chemical fertilizer treatments. Considering the effects of treatments on
yield, experimental treatments sorted by Duncan groups were ordered as; T; > T4 > T3 > Ts > T> Tg > To.
Complying with the present findings, Mahmood et al. (2017) indicated that high chemical fertilizer quantities
increased yields in intensive production systems. Heeb et al. (2006) indicated limited effects of organic fertilizers
on plant growth and yield as compared to chemical fertilizers. Such limited effects of organic fertilizers were
attributed to slower release of nutrients from the organic fertilizers than from the chemical fertilizers and reductions
in leaf S, P and N concentrations. Okur et al. (2007) reported that organic fertilizers improved soil fertility through
accelerated microbial activity. In this study, among the organic fertilizers, poultry manure was remarkable with a
yield level of 60.05 t ha*. Masarirambi et al. (2010) and Rees and Castle (2002) also pointed out the significance
of poultry manure and reported higher yields from poultry manure treatments as compared to the other organic
fertilizers.

Effects of different fertilizer treatments on tomato paste yield varied based on source of fertilizer (Table 3).
Both chemical and organic fertilizer treatments had positive effects on tomato paste yields. The lowest tomato
paste yield (2.90 t ha') was obtained from the control treatments and the greatest tomato paste yield (14.55 t ha™®)
was obtained from chemical fertilizer treatments followed by organic fertilizers. Among the organic fertilizers,
poultry manure produced significant increase in tomato paste yield (13.29 t ha). In terms of paste yield all
treatments can be arranged in decreasing order as follows: T1 > Ts> T3> Ts> T, > Te > To.
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Table 3. Effects of chemical and organic fertilizer applications on paste and marketable fruit yield and fruit
quality characters

Treatment Lycopen Carotenoid

S MY PY TSSC DM TA e S Vitamin C
(T) (tha?) (°Brix) (%) (mg 100g™%)

To 15.24f 290f 541c 6.44ab 0.48ab 593 f 6.94 f 20.42d
T 70.22a 1455a 5.80h 6.11bc 0.48ab 7.14 ¢ 8.2le 26.31b
T, 51.41d 10.36d 5.65 bc 6.02c 0.46a-c 7.46 ¢ 9.50¢c 26.99 b
T3 57.60c 11.83c¢c 5.75 bc 6.34a-c 0.4lcd 7.90a 9.94a 2259 ¢
Ta 60.05b 13.29b 6.20a 6.68a 0.43bc 792 a 9.98a 29.06 a
Ts 52.10d 10.25d 5.51 bc 6.18bc 0.37d 7.79b 9.73b 23.45¢
Ts 46.89e 9.21e 5.50 bc 565d 050a 7.26d 8.67d 22.34 cd

As: Ty control “no fertilizer application”, T, chemical fertilizer, T, organic farm manure, T;sheep manure, T, poultry manure,
Tsvermicompost, Te leonardite, MY marketable yield, PY paste yield, SSC soluble solid content, DM dry matter, TA titratable acidity

Chemical and organic fertilizers were applied to soil to investigate the effects of experimental treatments on
fruit quality traits of tomato and results are provided in Table 3. According to variance analysis, effects of
experimental treatments on soluble solids content were found to be significant. The highest soluble solid contents
were obtained from poultry manure-treated fruits (6.20). Such a finding complies with the results of earlier studies
conducted on tomatoes (Chassy et al., 2006; Barrett et al., 2007; Rickman and Barrett, 2008; Bilalis et al., 2018).
Positive effects of poultry manure treatments on fruit quality of Sadia F1 and Sun cherry tomato cultivars were
reported by Kalbani et al. (2016). Alternatively soluble solid contents were the lowest in control plants (5.41) while
chemical fertilizer resulted in second highest soluble solid contents, farmyard manure, sheep manure,
vermicompost and leonardite treatments yielded closer soluble solid contents to each other. However, the use of
vermicompost is very important for sustainable agriculture (Bellitirk et al., 2020).

Cemeroglu (2011) indicated that processing tomatoes should have certain quality attributes, and Y1ldiz (2004)
pointed out the processing tomatoes should have high dry matter contents. Dry matter contents of tomato fruits
were significantly influenced by the experimental treatments (Table 3). The greatest dry matter content (6.68%)
was obtained from poultry manure-treated plants. Dry matter contents slightly decreased in sheep manure and
chemical treatments and the lowest dry matter content (5.65%) was obtained from leonardite treatments. Effects
of experimental treatment on dry matter contents were ordered as; T+> To> T3> T5>T1 > T2 > Te.

The greatest titratable acidity (0.50%) was obtained from leonardite treatments and the lowest titratable acidity
(0.37%) was obtained from vermicompost treatments (Table 3). Control, chemical fertilizer and farmyard manure
treatments also had high fruit acidity values and these treatments were respectively followed by sheep manure and
poultry manure treatments. Bilalis et al. (2018) indicated titratable acidity as an important quality criterion for
processing tomatoes. Barrett et al. (2007) reported greater titratable acidity values for organically grown tomatoes.

Since fruit color directly influence tomato paste color, it is considered as a significant quality criterion.
Lycopene is responsible of fruit red color. High lycopene and total carotenoid contents are desired by tomato
processing industry since high levels of both parameters increase the quality and antioxidant content of tomato
paste (DePascale et al., 2001; Markovi¢ et al., 2006; Lambelet et al., 2009). In present study, significant differences
were observed in fruit lycopene and total carotenoid contents of experimental treatments (Table 3). Organic
fertilizer treatments resulted in superior data in comparison to the control and inorganic fertilizer application.
Among the organic fertilizers, poultry and sheep manure treatments yielded the highest lycopene (7.92 and 7.90
mg L, respectively) and carotenoid (9.98 and 9.94 mg L, respectively) contents. Alternatively the lowest
lycopene and carotene (5.93 and 6.94 mg L%, respectively) contents were obtained from the control treatments
without any fertilizers.

Variance analysis revealed that experimental treatments had positive effects on fruit vitamin C contents (Table
3). As compared to the control, both inorganic and organic fertilizers significantly increased vitamin C contents.
The greatest vitamin C content (29.06 mg 100g™*) was obtained from poultry manure treatments followed by
organic farmyard manure, chemical fertilizer, vermicompost, sheep manure and leonardite treatments, respectively.
In previous studies, better taste, greater vitamin C contents and other compound levels were reported for
organically grown fruits. Organic tomatoes had greater vitamin and mineral contents than conventionally-grown
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ones (Akilli and Ciicii, 1996). On the other hand, Ucurum (2012) reported insignificant differences between
organically and conventionally-grown tomatoes (cv. Rio Grande).

4, Conclusions

The highest marketable yield and tomato paste yields were obtained from chemical fertilizer treatments.
Organic fertilizers significantly increased yield components related to control, but they were not as much effective
as the chemical fertilizers. Among the organic fertilizers, poultry manure had greater yields than the other organic
fertilizers. Marketable yield and tomato paste yield were found to be substantially lower in control treatments.
Such a finding revealed that fertilization was essential for high and economic yields in tomato.

Fruit quality attributes are significant in tomato processing industry since fruit quality directly reflects on quality of
processed product. In respect of quality parameters, organic fertilizers, especially poultry manure treatments, were
found to be more effective. The lowest values of quality parameters were observed in unfertilized plants (control). Such
findings are further supported the significance of fertilization in tomato growing. It was concluded, based on present
findings that use of organic fertilizers gave superior results in fruit quality and have positive effects on yield of
processing tomato.

While determining the amount of organic fertilizer used in our study, an average of 30 tons of ha was applied, taking
into account the information obtained from local farmers. This made the application more natural and allowed organic
fertilizers to be compared among themselves. In future studies, when deciding on the amount of organic fertilizer to be
applied, farmer applications and the amount of NPK that will be brought into the soil by organic fertilizers should also
are taken into consideration.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Comparative Investment Analysis of Agricultural Irrigation Systems

Tarmmsal Sulama Sistemlerinin Karsilastirmal1 Yatirim Analizi

Siiheyla AGIZAN"", Zeki BAYRAMOGLU?

Abstract

The return of socio-economic prosperity in the population and developed countries in the world has increased the
demand for agricultural products. It increases the need for agricultural water in production and production
conditions to meet the increasing demand. Irrigation methods and irrigation systems are needed to meet irrigation
water. As a matter of fact, which method or system is chosen for study researches and cost calculations. In this
study, comparative economic analysis is aimed for irrigation. For this purpose, plant costs and operating costs of
irrigation systems are determined, and investment costs are calculated. In addition, a cost-benefit analysis is
performed for irrigation systems and the net present value and internal rate of return are calculated. As a result of
the calculation; 1.02 in sprinkler irrigation systems, 1.13 in drip irrigation systems, 1.54 in center-pivot irrigation
systems and 1.57 in linear move irrigation systems. According to these values, the cost ratio of linear move
irrigation system is higher than other systems. The fact that the cost-benefit ratio is greater than 1 indicates that
the investments are profitable. The net present values of irrigation systems are determined as $ 25.90 in sprinkler
irrigation, $ 179.56 in drip irrigation, $ 833.00 in center-pivot irrigation and $ 844.46 in linear move irrigation and
in terms of net present value, linear move irrigation systems come to the fore. In addition, the internal profitability
rates of irrigation systems are calculated, and the rate of sprinkler irrigation was found to be 20.42%, in drip
irrigation 29.09%, in center-pivot irrigation 76.16% and in linear move irrigation 76.41%. According to internal
profitability rates, the most profitable system is linear move irrigation system. As a result, linear move irrigation
systems are more profitable than other systems.

Keywords: Benefit-Cost Ratio, internal Rate of Return, Net Present Value, Irrigation Systems, Investment Analysis.
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Ozet

Diinya’da niifus artist ve gelismis tilkelerde sosyo ekonomik refahin getirisi tiikketim ¢esitliligi tarim iiriinlerine
olan talebi artirmistir. Artan talebin karsilanmasi igin iiretim artist ve tretim artist da tarimsal su ihtiyacini
arttirmaktadir. Sulama suyunun karsilanmasinda ise sulama yontemlerine ve sulama sistemlerine ihtiyag
duyulmaktadir. Nitekim hangi yontemin veya sistemin seg¢ilmesi, yapilacak etiit arastirmalar1 ve maliyet
hesaplamalar1 sonucunda isletmeye uygun olanin karar verilmesi verimlilik agisindan énemlidir. Bu ¢alismada
kapsaminda da sulama sistemlerinin karsilagtirmali ekonomik analizi amaglanmistir. Bu amaca yonelik olarak
sulama sistemlerinin tesis masraflar1 ve isletmecilik masraflar tespit edilerek yatirim masraflart hesaplanmistir.
Ayrica sulama sistemlerine gore fayda masraf analizi yapilmis ve net bugiinkii deger ile i¢ karlilik oranlar
hesaplanmigtir. Hesaplama sonucunda sulama sistemlerinin fayda masraf oranlari; yagmurlama sulama
sistemlerinde 1.02, damla sulama sistemlerinde 1.13, dairesel hareketli sulama sistemlerinde 1.54 ve dogrusal
hareketli sulama sistemlerinde 1.57 olarak belirlenmistir. Bu degerlere gore dogrusal hareketli sulama sisteminin
fayda masraf orani diger sistemlere gore daha yiiksek tespit edilmistir. Fayda masraf oraninin 1°den biiyiik olmasi
yatirimlari karli oldugunu gostermektedir. Sulama sistemlerinin net bugilinkii degerleri yagmurlama sulamada
25.90 $, damla sulamada 179.56 $, dairesel hareketli sulamada 833.00 $ ve dogrusal hareketli sulamada 844.46
$ olarak belirlenmis olup net bugiinkii deger bakimindan da dogrusal hareketli sulama sistemleri én plana
¢ikmaktadir. Ayrica sulama sistemlerinin i¢ karlilik oranlari hesaplanmig ve yagmurlama sulamada %20.42, damla
sulamada %29.09, dairesel hareketli sulamada %76.16, dogrusal hareketli sulamada %76.41 olarak belirlenmistir.
I¢ karlilik oranlarina gére en karh sistem dogrusal hareketli sulama sistemidir. Sonug olarak dogrusal hareketli
sulama sistemleri diger sistemlere gore daha karl1 yatirimlardir.

Anahtar Kelimeler: Fayda Masraf Orani, I¢ Karlilik Orani, Net Bugiinkii Deger, Sulama Sistemleri, Yatirim Analizi.
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1. Introduction

Water is an indispensable natural resource for living things. The use of water for various purposes (irrigation,
transportation, industry, drinking, fishing, etc.) has increased its importance every day. 71% of the water
availability in the world is used in agricultural sector, 18% in industrial sector and 11% for domestic purposes.
The freshwater consumption in Turkey, in the agricultural sector, 73%, in industry %11, and %16 for domestic
purposes (Sutema, 2017). Agriculture is the most important water user in Turkey and in the World (Cakmak et al.
2014).

Since the world population increases day by day, the demand for agricultural products is increasing. Therefore,
the amount of production obtained from the unit area should be increased to meet the increasing need. Increase in
agricultural production can be provided with applications such as land consolidation, agricultural struggle, land
reclamation, quality seed, fertilization, irrigation and so on. Irrigation is much more important in countries which
is in arid and semi-arid climates such as Turkey.

Irrigation; In the growing and flowering periods of plants, cultivated plants, which cannot be met with natural
precipitation, are defined as a versatile application that increases the effectiveness of other agricultural inputs by
giving the water needs of the plants to the plant root area with different irrigation methods. According to this
definition, while irrigation method is brought to the field with the help of transmission and distribution elements
of irrigation water, it is expressed as the way water is given to the plant root area, while irrigation methods is
brought to the field with the help of transmission and distribution elements of irrigation water is the way the water
is given to the plant root area. The irrigation system covers all of the necessary means to bring the area to be
irrigated from the water source and distribute it in the land (Agizan, 2018).

While the irrigation method is selected first some factors considered such as existing water source, soil, plants,
climate, economic, social, and cultural situation etc. The irrigation system of the selected irrigation method is
planned, and the planned irrigation system is being projected, installed, and operated. It is not enough that the
irrigation systems are only technically suitable. They should also be appropriate and effective with their economic
aspects. The systems should be compared in terms of technical and economic aspects and the irrigation system
with the lowest investment cost and high product efficiency should be preferred (Erdem, 2018).

Many studies have so far been conducted on the comparison of irrigation systems. Demir etal. (1995) compared
the drip irrigation system and the furrow irrigation system in their studies on strawberry yield under Bursa
conditions, and it was determined that more efficiency was achieved with the drip irrigation system and 18.5%
more savings. Soydam and Cakmak (2006) compared the collective pressure irrigation systems economically and
as a result, it was determined that drip irrigation systems provided more benefits than sprinkling. In studies carried
out to date, economical comparisons of furrow, sprinkler and drip irrigation systems were generally made.
However, in recent years, the application of new technologies in agriculture is known to increase efficiency and
efficiency, as well as to save energy use, decrease in production costs and save labor, and to determine the benefits
that modern irrigation techniques (circular motion and linear motion) provide to producers in this field.

The aim of this study is to determine the irrigation systems applied in agricultural production enterprises and
to compare the comparative investment costs of irrigation systems with net present value, internal profitability
ratio and benefit expense ratio methods.

2. Materials and Methods

The data used in the study were compiled from primary and secondary data sources. Primary data belong to
the production period of 2017 and was obtained by conducting a survey with agricultural enterprises located in
Cumra district of Konya. The primary data were surveyed with 115 manufacturers determined by stratified random
sampling method. Secondary data were obtained from the reports and statistics of various agricultural institutions.

Costs in irrigation systems consist of two parts as investment and management costs. While calculating these
expenses, 2017 dollar rate was taken into consideration. Calculations were made by determining one dollar of that
year as 3.79 Turkish Lira (Anonim, 2017). In the investment expenses, purchase prices are obtained in accordance
with the declarations of the manufacturers, and unexpected expenses are considered as 10% of the purchase prices
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and added to the purchase price. In the general expenses calculation, 10% of the total purchase price and
unexpected expenses were taken (Talmag, 2006).

Changing costs, which are included in the operating costs, have been considered the changing costs of the
relevant production activities. While depreciation costs are taken 10% of the related irrigation systems, 16% of the
purchase prices of the related irrigation systems are taken as interest costs. When calculating permanent labor costs
and maintenance-repair costs, the statements of operators are considered.

Net present value; is the difference between the sum of the present value of the money inflows that will be
provided over the economic life of the investment over a predetermined discount rate and the sum of the present
value of the money outflows required by the investment over this specific discount rate (Akgui¢c 1994).

—_ yt=n Ge H _ym _ It
NPV = ¥itZh A+t + A+t t=0 131t (Eq.1)

NPV: Net present value

Gt: Project’s revenue in “t” year.

It: Investment amount of the project in year t

m: Completion time of the project

n: The utilization life of the project

i Reduction Ratio

Ht: Scrap value at the end of the project's utilization life (Albayrak, 2009).

The calculation result can be positive, negative and zero. NPV> 0 indicates that the project will be profitable,
NPV <0 indicates that the Project will lose and if NPV = 0 indicates that the break-even point of the project (Eq.1).
The internal rate of return is the discount rate that equates the present value of the cash inflows to the present value
of the cash outflows (Senkondo et al., 2004). In this analysis method, the expected profitability rate of investment
varies according to project risk, investor expectation and various parameters. The minimum value of the
profitability ratio expected from the investment is considered as the capital cost. As a result of the comparison, it
is decided to accept or reject the project. For a project to be accepted, LFPR must be greater than the minimum
reduction rate accepted by the investor. If the calculated LFPR is lower than the expected profitability of the
investment, the project is rejected in a choice between alternative projects, the project with the highest rate is given
priority. Internal profitability ratio is smaller than the discount rate which makes NPL positive, and it is smaller
than the negative rate (ip<ir<in) (Kavak, 2012).

NNG, I
IPR = EiEmiss Grypye = 2020 (it (Fa2)

The formula defines the IPR as internal profitability ratio, defines the NNGt as the value of investment amounts
in the year t, defines the “n” the economic life of the facility, defines the “m” the construction time of the project
and defines the “ir” the internal rate of return (Eq.2). The benefit / cost ratio is the ratio of the present value of the
benefits (cash inflows) that a project will provide during its economic and the expenditures made to the investment
(cash outputs) to the sum of the present values (Albayrak 2009).

_ (ZEE%H(E,__E)ﬁ(lf_Dt) (Eq.3)

- t=m_It
Lt=o a+it

B
C

The formula defines “B/C” as benefit/cost ratio, defines “Gt” as benefits of the project in t year (cash inputs),
defines “H” as scrap value of the project, defines “It” as the cost of the project in t year (cash outflows) defines

“m” completion time of the project, defines “n” as economic life of the project, and defines “i” as reduction ratio

(Eq.3).

The calculation result can be equal to 1, smaller than 1 and bigger than 1. If B/C ratio=1 it means that the
project at break-even point and as a result the income of the project is equal to the investment of the project If F/M
<1 it means that the income of the Project below the cost of the project, so it is not acceptable because the project
will be lost. If F/M>1 it means that the income of the project is more than the investment of the project. And as a
result, project will be accepted. In addition, if the B/C ratio is bigger than 1, profitability increases with B/C ratio

3t
1
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3. Results and Discussion

The production costs of agricultural products and the investment costs of the irrigation systems differ in terms
of products. In this study, the production patterns and the irrigation systems used in the agricultural enterprises are
examined. It has been determined that wheat, barley, sugar beet, grain maize, silage maize, sunflower, alfalfa,
vetch and carrot are produced in the research area. Average land width per plant is determined as 218.87 decares,
25.48% wheat, 21.93% sugar beet, 16.11% barley and 13.21% grain maize are grown. In Irrigation systems,
sprinkler, drip, circular moving, and linear moving irrigation systems have been used. Average instrument
machinery capital per operation is calculated at $ 83,118.85. This value is formed by 23.99% are sprinkler
irrigation systems, 9.29% are drip irrigation systems, 2.02% are linear moving irrigation systems and 1.73% are
circular moving irrigation systems. The capital ratio of the total irrigation systems is determined as 37.03%. Linear
and circular moving irrigation systems are just preferred by enterprises with more than 200 decares of land width.
The reason is that mobile irrigation systems increase the investment cost in small lands and topographical
conditions prevent the use of these systems. In the study, it is determined which irrigation systems are preferred
and the investment analysis of the irrigation systems used over the average land (da) widths of the products. The
purchase price is considered in accordance with the manufacturers' declarations.

The wheat production area in the examined enterprises is 6.414 da and 83.6% is irrigated by sprinkler irrigation
system and 16.4% by drip irrigation system. The barley production area is 4.054 da. The preferred irrigation
systems for barley production are like wheat. 88.0% of the barley production areas are irrigated by sprinkler and
12.0% by drip irrigation systems. The drip irrigation system is generally preferred in the crops which are sowed in
order Recently because of irrigation costs increased, productivity increased by using drip irrigation and agricultural
supports given by the state as a result irrigation system can be used in wheat and barley production. As a result of
the research sugar beet production area is found 5520 da. 73.0% of this area is irrigated with sprinkler, 15.0% drip,
7.0% circular moving and 5.0% linear moving irrigation systems (Table 1).

Table 1. Distribution of Product Groups and Irrigation Systems in Investigated Enterprises (da and %)

Sugar Grain Silage

Wheat  Barley Sunflower Clover Vetch Carrot Total

beet Maize Maize

. da 5.365 3.569 4.03 1.995 1.073 1.156 1.263 489 360
Isrpr:"::l's; (%) 836 88 73 60 65 85,8 015 s s o300

g (%)? 27.8 18.49 20.88 10.34 5.56 5.99 6.54 2.53 1.87 100
Dri da 1.049 485 828 499 297 192 118 122 80 3.670
irr'pat'on (%) 16.4 12 15 15 18 14.2 8.5 20 18.2 '

Tgath %)? 28.58 13.22 22.56 13.6 8.09 5.23 3.22 3.32 2.18 100
Circular da 386 332 115 833
Moving (%)* 7 10 7
irrigation (%)? 46.34 3986  13.81 100
Linear da 276 499 167 942
Moving (%)! 5 15 10.1
irrigation (%)? 29.3 52.97 17.73 100
Total da 6.414 4054 552 3.325 1.652 1.348 1.381 611 440

(%)* = Distribution of Irrigation Systems Used in Product Groups Grown in Examined Enterprises
(%)? = Distribution of Products in the System Groups Used by the Examined Businesses

Table 1 shows the total amount of cultivated land according to the irrigation systems and the shares of the
products within these land quantities. According to the table, the total of the land width of the sprinkler irrigation
system was 19.300 da. The irrigated area which used sprinkler irrigation system 27.80% of wheat, 20.88% of sugar
beet and 18.49% of barley is grown. The amount of irrigated land with drip irrigation system is 3.670, 28.58% of
wheat, 22.56% sugar beet, 13.60% grain maize and 13.22% barley.

It is determined that 9 types of crops were irrigated with sprinkler and drip irrigation systems, but only sugar
beet, grain and silage maize plants are irrigated with circular and linear moving irrigation systems. While the
highest share in the circular moving irrigation system is sugar beet (46.34%), it has grain maize (52.97%) in the
linear moving irrigation system. In this study, investment costs, management costs, management expenses,
management expenses incurred current day and total costs are calculated according to systems and the costs of
investment and management of irrigation systems of agricultural holdings are given in Table 2.
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According to the table, the total investment cost per enterprise is calculated as $ 54,885.63 in the sprinkler
system, $ 25,530.76 in the drip irrigation system, $ 21,129.23 in the circular moving irrigation system and
$ 20,197.19 in the linear moving irrigation system. The total investment expenditure in decare is $ 247.41 in
sprinkler irrigation system, $ 278.26 in drip irrigation system, $ 228.29 in circular moving irrigation system and
$ 235.85 in linear moving irrigation system. Total operating costs per enterprise are calculated as $ 42,408.48 in
sprinkler irrigation system, $ 17,760.70 in drip irrigation system, $ 19,713.73 in circular moving irrigation system
and $ 17,098.65 in linear moving irrigation system. Field calculations, maintenance, harvests, and items related to
production inputs were taken into consideration while calculating the variable costs included in the management
Ccosts.

Table 2. Investment and Management Costs of Irrigation Systems ($)
Irrigation Systems

Sprinkler Irrigation Drip Irrigation Circular Moving Linear Moving

Cost Elements System System Irrigation System Irrigation System

Per Per Per Per Per Per Per Per

enterprise  Decares  enterprise  Decares enterprise Decares enterprise  Decares

Purchase Price 47,726.64  215.14 22,200.66 24197 18,373.24 19851 17,562.78 205.08

Investment Unexpected Expenses  4,772.66 2151 2,220.07 24.20 1,837.32 19.85 1,756.28 20.51
Costs General Expenses 2,386.33 10.76 1,110.03 12.10 918.66 9.93 878.14 10.26

Ezg"e'n';"e“me”t 54.885.63 24741  25530.76 27826 2112023 22829 20,197.19 23585

Variable Costs 28,180.66  127.03 11,395.36  124.20  14,590.92 157.64  12,224.58 142.75

Depreciation Expense  4,772.66 21.51 2,220.07 24.20 1,837.32 19.85 1,756.28 20.51

Irrigation Interest 763626 3442 355211 3872 293972 3176 281004 3281
Management Expense

Costs Permanent Labor Cost  767.00 3.46 84.19 0.92 26.61 0.29 30.69 0.36
Maintenance and 1,051.89 474 50898 555 31916 345 27705 323
Repair Cost
Total Costs 4240848 19117  17,760.70 19358 19,713.73 21299  17,098.65 199.67

Accumulated to This Day
Management Expenses
Total Expenses 333,740.71 1,504.43 142,315.48 1,551.12 162,618.60 1,756.98 142,917.58 1,668.89

278,855.08 1,257.02 116,784.72 1,272.86 141,489.37 1,528.70 122,720.38 1,433.04

Different investment costs have been calculated according to irrigation systems in studies conducted. In a study
conducted by Giiltas and Erdem (2007), they calculated their investment costs as $ 30,848.22 for drip irrigation
method and $ 26,293.98 for micro sprinkler irrigation method. While converting these values into dollars, the
dollar exchange rate of 2007 (1.308 TL/$) is utilized. Therefore, they stated that micro sprinkler irrigation system
would be preferable if water source is sufficient. In a study conducted by Prevatt et al. (1992), they determined the
operating costs of the drip irrigation system as $ 144.94 and the investment costs as $ 338.77. Lamm et al. (2002)
in the maize production of furrow irrigation method underwater drop and moving sprinkler irrigation system land
width, land shape, system costs and the lifetime of the comparison are compared. They stated that moving sprinkler
irrigation systems would be more advantageous in enterprises with a minimum width of 65 ha. Dumler et al. (2007)
in a study they conducted determined that the investment cost of the drip irrigation systems was $ 443.90 and the
investment cost of circular moving irrigation systems is $ 292.14. In 2001, Armstrong et al. (2001) calculated the
investment costs of irrigation systems within the framework of intelligent irrigation methods. Accordingly, it has
been determined that the investment costs of circular moving irrigation systems are 2.500-3.500 $ for 50 ha land
and the investment costs of linear moving irrigation systems are higher. Sprinkler irrigation systems range from
$ 1,750-2,500 for 20 ha and drip irrigation systems for 10 ha of land vary between $5,000-12,000. In Ernst (2017),
in a study on irrigation systems, the cost of drip irrigation systems is determined as $ 638.90 / ha. In addition, the
management costs of drip irrigation systems is $ 305.73. In 1983, Sourell and Schoen (1983) compared surface,
drip and sprinkler irrigation systems. As a result of comparison, they determined that, in terms of investment and
energy costs, drip irrigation systems are more economical than other systems. In a study by Harris et al. (2017),
calculated the investment costs of different irrigation systems. Accordingly, the investment costs of circular
moving irrigation systems are $ 338.00 / ha and the investment cost of underground drip irrigation systems is
$ 1,200 / ha. In another study, the investment cost of circular moving irrigation system for 160 is calculated and
the investment cost per decade was determined as $ 1,212.99. Moll (1996) study in Australia in 1996 and Giddings
and Deegenaars (1999) study in Australia in 1999 are similar. Both studies are carried out in vineyard areas and
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different irrigation systems are compared. Moll aims to reveal the economic system between these five systems by
comparing the furrow, pan, micro sprinkler, sprinkler, and drip irrigation systems. According to the study, pan and
drip irrigation system is found to be more profitable than the other systems in terms of the net present value in the
five systems. In the study conducted by Giddings and Deegenaars, different irrigation systems are compared, and
it is determined that drip irrigation system is more economical than other systems. And it is determined that the
investment is taken back nearly 4 times. In another study conducted in Sri Lanka, in banana gardens surface
irrigation and drip irrigation system were compared in terms of cost by using 10 years data. The cost of the drip
irrigation system is calculated over a 10 ha area and the initial investment cost of the drip irrigation system is 43%
higher than the surface irrigation. Although the investment cost is high in the drip irrigation system, the benefit
expense ratio, internal rate of return, yield and net income are higher than surface irrigation (Thadchayini and
Thiruchelvam 2005).

While calculating the accumulated management costs in sprinkler and drip irrigation systems, the total of 15-
year operating expenses in sprinkler and drip irrigation systems has been reduced to today and the sum of 30-year
operating expenses in circular and linear moving irrigation systems has been reduced to this day (Agizan, 2018).
The accumulated management costs per enterprise have been calculated as $ 278,855.08 in the sprinkler system,
$116,784.72 in the drip irrigation system, $ 141,489.37 in the circular moving irrigation system and $ 122,720.38
in the linear moving irrigation system. The total cost per enterprise is $ 333,740.71 in the sprinkler irrigation
system, $ 142,315.48 in the drip irrigation system, $ 162,618.60 in the circular moving irrigation system and
$ 142,917.58 in the linear moving irrigation system. The lowest cost management in accumulated management
cost to this day is the sprinkler irrigation system ($ 1,257.02), and the highest the circular moving irrigation system
($ 1,528.70). However, since the utilization life of sprinkler irrigation systems is 15 years, sprinkler irrigation
systems should be renewed every 15 years. This will increase investment costs in sprinkler irrigation systems.
Circular and linear moving irrigation systems are renewed every 30 years. So, moving systems are more
advantageous than sprinkler and drip irrigation systems. It has been found that for the accumulated management
cost to this day linear mobile irrigation system ($ 1,433.04) is lower than other systems at the operating cost per
decare (Table 2). In a study by Morris (1999), the methods of sprinkler and drip irrigation were investigated and
stated that drip irrigation systems should be used in terms of total costs and operating costs.

In Table 3, according to the irrigation systems, average cultivation areas, average productivity and average
product prices obtained by the producer are multiplied and the gross value of the investment for products are
calculated. And by adding these, the gross production values of the investment areas are calculated. In the
examined enterprises, it is determined that the area is irrigated with sprinkler irrigation system at 19,300 dec, a
total of 4,635,888.07 $ GPV is obtained from this area and it is a total variable cost of 28,180.66 $. Drip irrigation
system is used in 3,670 decare. The total GVP obtained with the drip irrigation system is $ 1,011,867.28 and the
total variable cost per enterprise is $ 11,395.36. Circular moving irrigation system is established on 833 area and
total production value is 320.539.07 $. Total variable cost per enterprise is 14,590.92 $. Linear moving irrigation
system is used in 942 area. Total GVP 352,858.39 $ obtained through linear moving irrigation system and total
cost per enterprise is $ 12,224.58. According to these results, it is necessary to use linear moving irrigation systems
in terms of both GVP and gross profit. As a matter of fact, this situation is expressed in the studies (Tuzcu 2010).

Table 3 shows the reduced GVP, reduced expense and reduced benefit by taking the reduced coefficients into
account according to the interest rates for irrigation systems. For these values, 15 years in sprinkler and drip
irrigation systems and 30 years in circular and linear moving irrigation systems are calculated. Although the
minimum and maximum interest rate of each system is changing, the calculation of the discount coefficients is
made according to the interest rates. In the reduced GVP calculation, for the system with the discount coefficient
of the interest rate calculated and a reduced GVP is obtained by multiplying the total GVP per decare. In the
reduced expense calculation, the total investment cost per decares is taken into consideration for the first year; in
the second year and in the following years, the total management cost is calculated per decare. Reduced cost of
the system obtained by multiplying the investment and management costs per decare as systems with discounting
coefficients for applied interest rate. Annual net profit is obtained by subtracting total enterprise and investment
costs per decare from total GPV per decare. Reduced benefit obtained by multiplying the net profit for years with
discounting coefficients for applied interest rate.
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Table 3. Investment Areas, GVP And Variable Costs by Products According to Irrigation Systems

Cul;\l;/::on Productivity Price GVP (3$) Variable Cost ($)

Products Per Per Per Per
da Kg/da $/kg Total Enterprise Decares Enterprise Decares

Wheat 5,365.00 542.36 0.22 650,867.68 7,481.24 121.32 4,508.31 73.11

Barley 3,569.00 503.69 0.19 340,611.08 3,915.07 95.44 2,772.05 67.57

5 Sugar beet 4,030.00 7,956.36 0.06 1,771,965.12  20,367.42 439.69 10,848.18 234.19
‘g Grain Maize 1,995.00 1,389.63 0.19 539,871.26 6,205.42 270.61 3,387.15 147.71
":: £ Silage Maize 1,073.00 7,105.36 0.04 321,012.68 3,689.80 299.17 1,749.00 141.81
5 % Sunflower 1,156.00 345.69 0.45 178,776.31 2,054.90 154.65 1,320.38 99.37
-_é @ Clover 1,263.00 1,425.36 0.13  241,609.77 2,777.12 191.30 2,208.16 152.11
= Vetch 489.00 990.00 0.16 76,438.42 878.60 156.32 556.21 98.96
» Carrot 360.00 7,546.28 0.19 514,735.73 5,916.50 1,429.82 831.23 200.88
Total 19,300.00 4,635,888.07  53,286.07 240.20 28,180.66 127.03

Wheat 1,049.00 589.23 0.22 138,259.72 3,456.49 131.80 1,737.61 66.26

Barley 485.00 545.36 0.19 50,115.71 1,252.89 103.33 733.08 60.46

- Sugar beet 828.00 8,256.36 0.06 377,793.65 9,444.84 456.27 4,694.64 226.79
2 Grain Maize 499.00 1,497.26 0.19 145,494.27 3,637.36 291.57 1,721.11 137.97
5 £ Silage Maize 297.00 7,625.47 0.04 95,358.51 2,383.96 321.07 975.82 131.42
= ‘i Sunflower 192.00 387.61 0.45 33,293.66 832.34 173.41 437.38 91.12
.g‘” Clover 118.00 1,675.38 0.13 26,532.73 663.32 224.85 420.49 142.54
a Vetch 122.00 1,152.36 0.16 22,198.09 554.95 181.95 285.22 93.52
Carrot 80.00 8,102.77 0.19 122,820.93 3,070.52 1,535.26 389.99 194.99

Total 3,670.00 1,011,867.28  25,296.68 275.71 11,395.36 124.20

L c Sugar beet 386.00 8,423.30 0.06 179,682.29 19,964.70 465.50 8,663.98 202.01
% g.g Grain Maize 332.00 1,590.23 0.19 102,812.56 11,423.62 309.68 4,445.48 120.51
g é ,% Silage Maize 115.00 7,856.96 0.04 38,044.23 4,227.14 330.82 1,481.46 115.94
© <= Total 833.00 320,539.07 35,615.45 384.80 14,590.92 157.64
< Sugar beet 276.00 8,652.49 0.06 131,973.24 11,997.57 478.16 5,054.44 201.44

S E’-S Grain Maize 499.00 1,687.53 0.19 163,983.51 14,907.59 328.62 5,416.31 119.40
% é ,% Silage Maize 167.00 8,092.30 0.04 56,901.65 5,172.88 340.73 1,753.84 115.52
= Total 942.00 352,858.39 32,078.04 374.58 12,224.58 142.75

Table 4 shows the results of investment analysis according to irrigation systems in examined enterprises. The
cost-benefit ratio, NPV and IRR is found for each irrigation system. In the analysis, the lowest interest rate of 16%
is used. Ziraat Bank's interest rates for non-subsidized agricultural loans are taken into consideration. The highest
interest rates are those that make the benefits of the systems positive for the last time. That is to say, the maximum
interest rates that make a positive increase are considered because the highest interest rate will be increased by one
unit. In the calculation of the analysis, the cost of benefit ratio is calculated by dividing the present value of the
net income of the investments by the sum of the present value of the investment expenses. In the calculation of
NPL, the total of the present value of the investment expenses is subtracted from the sum of the present values of
the net income of the investments. As a result of the analyzes, the benefit expense ratio is bigger than 1 and the
IRR is lower than the low interest rate (16%) means that the project is economic. In case the IRR is higher than
the capital cost (16%), the enterprises are not affected by inflation, they met the capital costs and made a profit.

If the cost-benefit ratio is greater than 1, it means that the income of the project is greater than the investment.
In the 4 irrigation systems included in the study, the benefit ratio was found to be greater than 1. In Other words,
provided more than 1 $ benefit for each $ 1 investment. In sprinkler irrigation system, provided 1.02 $ benefit for
each 1 $ investment. In drip irrigation system provided 1.13 $ benefit, in circular moving irrigation system 1.54
$ benefit, and in linear moving irrigation system provided 1.57 $ benefit. According to Balaban (1986), if the cost-
benefit ratio is greater than 1, it means that the project is economic. As a matter of fact, other studies (Talmag 2006,
Atabey and Erdem 2016) prove this situation.
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Table 4. Net Income-Expense-Benefit Values Reduced According To Interest Rates For Irrigation Systems ($)

Lowest Interest Rate Highest Interest Rate
Irrigation Systems Reduced Reduced Reduced Reduced Reduced Reduced
Net income  Expense Benefit Net income  Expense Benefit
Sprinkler 1,338.88 1,312.98 25.90 1,171.19 1,179.52 -8.33
Drip 1,536.83 1,357.26 179.56 929.88 931.13 -1.25
Circular Moving 2,376.99 1,543.99 833.00 506.32 508.54 -2.22
Linear Moving 2,313.88 1,469.22 844.66 492.87 498.57 -5.69

NPV is found 25.90 $ in sprinkler irrigation system,179.56 $ in drip irrigation system, 833.00 $ in circular
moving irrigation system and 844.66 $ in linear moving irrigation system. The lowest interest rate in the internal
rate of return is 16% for all systems. In the sprinkler irrigation system, the highest interest rate is 19% and IRR
20.42% is calculated. The highest interest rate in the drip irrigation system is 29% and the IRR is 29.09%. The
highest interest rate in circular and linear moving irrigation systems determined as 76%. IRR calculated. %76.16
in circular moving irrigation system, and %76.41 in linear moving irrigation system if IRR is greater than %16 it
means that project is economic. It is determined that the IRR of 4 irrigation system is higher than capital cost
(Table 5).

Table 5. Investment Analysis Results for Irrigation Systems in the Enterprises Examined

Sprinkler Drip irrigation Systems Circular Moving Linear Moving
Method Component Irrigation Systems p frrig ¥ irrigation Systems irrigation Systems
Values Result Values Result Values Result Values Result
Benefit Cost F 1,338.88 1,536.83 2,376.99 2,313.88
Ratio M 1,312.98 102 1,357.26 113 1,543.99 154 1,469.22 157
Net Present F 1,338.88 1,536.83 2,376.99 2,313.88
Value M 1,312.98 25.90 1,357.26 179.56 1,543.99 833.00 1,469.22 844.66
Internal Ry 16% 16% 16% 16%
R, 19% o 29% o 76% o 76% o
221:3:: ND, 25.90 20.42% 17956 29.09% 833.00 76.16% 844.66 76.41%
ND, -8.33 -1.25 -2.22 -5.69

F: The present value of net revenues of investments in the comparison period

M: The present value of investment expenses in the comparison period

Ri: Selected Low Interest Rate

R2: Selected High Interest Rate

NDz1: The present value of the net income of the investment at low interest rate in the comparison period
ND2: The present value of the expenses of the investment at the high interest rate in the comparison period

Profitability ratio is found by subtracting the capital cost from IRR. According to Table 5, profitability ratio in
sprinkler irrigation system is determined %4.42, in drip irrigation system %13.09, in circular moving irrigation
system %60.16 and in linear moving irrigation system %60.41.

According to the results of investment analysis, it is determined that the most advantageous system is linear
moving irrigation system. Linear moving irrigation system provides more benefit to enterprises in terms of benefit
/ cost ratio, NPV, IRR and rate of profit compared to other systems.

Turkey is determined to studies conducted so far generally drip and sprinkler irrigation systems is the
investment analysis made of the drip irrigation system in these studies benefit expense ratio and net present values
were higher than other irrigation systems (Soydam and Cakmak, 2006; Atabey and Erdem, 2016). In addition,
Cetin et al. (2004) calculated the costs of irrigation systems and calculated the investment costs of drip irrigation
systems at $ 2.244 / ha and net benefit at $ 3.464 / ha.

4. Conclusions

Along with the different crops being grown in agricultural enterprises, the costs of each product are different,
and the investment costs also differ between the crops. In this regard, the production patterns in the agricultural
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establishments examined were determined which irrigation systems were used in which products, and investment
analyzes were carried out over decares of the products according to the irrigation systems.

Products in the study conducted the most preferred irrigation system in terms of products is sprinkler irrigation
system. The most irrigated products by sprinkler and drip irrigation systems are wheat and barley. While the most
irrigated products in the circular irrigation system are sugar beet and grain, the grain maize is the first in the linear
moving irrigation system with 52.97%.

Total expenses of irrigation systems obtained by adding the investment expenses to the accumulated enterprise
expenses. While calculating the accumulated enterprise expenses, in drip irrigation system the 15 years expenses
are reduced today and in circular and linear moving irrigation system the 30 years expenses reduced today. The
linear cost-effective irrigation system ($ 1,668.89) is the most advantageous system because of the economic life
of the systems, although the lowest cost to the decare at the total costs is the lowest cost of sprinkler irrigation
system ($ 1,504.43) and the highest cost circular moving irrigation system ($ 1,756.98).

Due to its economic life, sprinkler irrigation systems need to be renewed every 15 years and this increases the
investment costs of the system. For this reason, the most cost-effective system in total costs per decare is not a
sprinkler irrigation system but a linear moving irrigation system. The cost-benefit ratio, NPV and IRR is found for
each irrigation system. According to the results of investment analysis, the most advantageous system among the
systems is linear moving irrigation system. With this system it is determined that provided 157$ benefit for each
1$ investment according to the benefit-cost ratio. NPV is calculated as 844.66 $. It is considered that the lowest
interest rate for the linear moving irrigation system is 16% and the highest interest rate is 76%. According to
selected interest rates, IRR calculated as %76.41 and as a result it is determined that system is economic. Profit
ratio is determined as %60.41.

As a result, irrigation systems that save water in agricultural irrigation, increase the productivity and quality
achieved in the unit area and reduce the labor need should be preferred. In addition, the irrigation system is
preferred in terms of product variety and land width is considered, but the investment cost of the irrigation system
and economic life also affects the preference. Preferred irrigation systems should be technically and economically
consistent with the enterprise. Manufacturers should consider economic consistency as well as technical
consistency when deciding between systems. In fact, it is very important in terms of profitability of the enterprise
to determine which of the irrigation systems are more economical.

While fragmented and dispersed lands make the use of mobile irrigation systems difficult to use, it is necessary
to use and disseminate especially linear moving irrigation systems to protect the water resources, increase the
quantity and quality of the product obtained in the unit area and reduce the labor force required for irrigation.
Therefore, agricultural land consolidation efforts should be increased, linear mobile irrigation systems should be
supported, and producers should be informed about irrigation. In addition, the supply of water resources should be
increased, producers should be encouraged to use water saving, and water losses should be minimized until the
water is taken from the source to the plant root zone.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Biyogesitlilik Golge Fiyatinin Dogal Kaynak Yonetiminde Kullanimi Uzerine: Uludag
Milli Parki Ornegi

On the Use of Shadow Price of Biodiversity in Natural Resource Management: The Case of
Uludag National Park

Serkan GURLUK
Ozet

Biyolojik ¢esitlilik, insanogluna kullanim ve kullanim dis1 pek ¢ok deger saglamasina ragmen ekonomik sistemde
bu hizmetlerin degerleri dikkate alinmadig1 igin yok oluslarina sahit olmaktayiz. Eczacilik hammaddesi saglama
degeri, tarimsal germaplazma destek degeri, ekoturizm degeri ve ekosistem degeri gibi degerler aslinda ekonomik
hayatin isleyisinde onemli rolleri olan hizmetlerdir. Bu c¢alismanin amaci, biyolojik ¢esitliligin dag-orman
ekosistemlerindeki degerini ortaya koymak ve dogal kaynak yonetimindeki etkilerini incelemektir. Bursa Uludag
Milli Parki’'nin (UMP) dogal kaynak degerlerinden biri olan biyolojik c¢esitliligin degeri, optimal orman
rotasyonunu hesaplama siirecine dahil edilerek, biyolojik ¢esitlilik degerinin dikkate alinmadigi durumdaki
Faustmann yaklasimu ile biyolojik ¢esitlilik degerinin dikkate alindigi Hartman yaklasimlar1 karsilastirilmigtir.
UMP’nin Faustmann yaklagimiyla hesaplanmis temel modelde yaklasik 44 yillik rotasyona sahip oldugu sonucuna
varilmigtir. UMP, 44. yilda 956 USD Ha' net bugiinkii degere ulagsmaktadir. UMP’nin gergek alami ile
degerlendirildiginde, en yiliksek bugiinkii degeri, 12.2 milyon USD olarak hesaplanmistir. UMP’nin biyolojik
cesitlilik akig degerinin dikkate alindigi Hartman rotasyonunda 44 yil olan 6nceki rotasyon siiresinin, 53 yila
yiikseldigi gdzlemlenmistir. Hartman rotasyonunda 53. Yilda 5.294 USD Ha! bugiinkii degerine ulagilmaktadir.
Elde edilen sonuglar, UMP’nin toplam alanina genellestirildiginde aslinda biyolojik ¢esitliligin ne kadar degerli
bir ekosistem hizmeti sagladigi ortaya konulmustur. Rotasyon baslangicindaki biyolojik ¢esitlilik degeri (golge
fiyatlarla hesaplanan) yeterli biyiikliikte ise optimum rotasyon siiresinin sonsuza uzamast muhtemeldir. Bu
durumda s6z konusu dogal kaynagin ekolojik olarak ¢ok hassas dogal kaynaklardan biri oldugu ve kamusal tahsis
kararlarinda ¢ok dikkatli olunmas: gerektigi anlasilir. Ulkemizde hassas ekosistemlerin bulundugu alanlar net bir
sekilde belirlenmeli ve bu tiir alanlarin yonetimi i¢in pek ¢ok ilgi grubunun yer aldigi danisma kurullan
olusturulmalidir. Caligmada kullanilan ‘etki transferi’ ve karbon sekurizasyonu ile eslestirilen “birincil liretim agt’
yontemlerinin de kullanimiyla belirlenen biyolojik g¢esitlilik akis degeri, Faustmann ve Hartman orman rotasyonu
belirleme yaklagimlari ile ilgili kiymet takdiri literatiiriine katkida bulunmaktadir.
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Abstract

Although biodiversity provides many use and non-use values for humans, we witness their disappearance as the
values of these services are not considered in the economic system. Values such as pharmaceutical raw material
supply value, agricultural germplasm support value, ecotourism value and ecosystem value are actually services
that have an important role in the functioning of economic life. The aim of this study is to reveal the value of
biological diversity in mountain-forest ecosystems and to examine its effects on natural resource management.
The value of biodiversity, which is one of the natural resource values of Bursa Uludag National Park (UMP), was
investigated at optimal forest rotation calculations. Faustman rotation system, in which the biodiversity value was
not taken into account, and the Hartman rotation system, in which the biodiversity value was taken into account
were considered in this study. It is concluded that the UMP has a rotation of approximately 44 years in the basic
model calculated with the Faustmann approach. UMP reaches its net present value of 956 USD / Ha in the 44th
year. When evaluated with the real area of UMP, its highest present value has been calculated as 12.2 million USD.
In the Hartman rotation, it was observed that the previous rotation period, which was 44 years, increased to 53
years. In Hartman rotation, the present value of 5.294 USD / Ha is reached in the 53rd year. When the results
obtained are generalized to the total area of the UMP, it is revealed how valuable the ecosystem service biodiversity
actually provides. If the biodiversity value (calculated at shadow prices) at the beginning of rotation is large enough,
the optimum rotation period is likely to extend to infinity. In this case, it is understood that the natural resource in
question is one of the ecologically sensitive natural resources and it should be very careful in public allocation
decisions. In our country, areas with sensitive ecosystems should be clearly identified and advisory boards should
be established for the management of such areas, with many interest groups. The biodiversity flow value
determined by the use of ‘impact transfer' and 'primary production network' methods paired with carbon
securization contributes to the appraisal literature on the approaches to determine Faustmann and Hartman forest
rotation.

Keywords: Biodiversity, Faustmann rotation, Hartman rotation, Environmental valuation, Primary production network, Bursa
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1. Giris

Biyolojik ¢esitliligin ekonomik sistem igerisinde dikkate alinmamasi ve kaybi, 6nemli bir gevresel digsallik
sorunu olusturmaktadir. Bu oOnemli dogal kaynagin ekonomik karar verme mekanizmalarinda dikkate
almmamasinin sebebi olusturdugu hizmetlerin bedava olarak goriilmesinden kaynaklanmaktadir. Cevresel
degerleme yaklasimlari, bu sorunun ¢dziimii i¢in dnemli ekonomik aragtirma araglaridir. Diinya, sasirtic1 sayida
bitki, hayvan ve bdcek tiirline ev sahipligi yapmaktadir. Giiniimiize kadar biyologlar 1.7 milyon tiir
siniflandirmiglardir. Fakat bazi bilim adamlari bu sayinin toplamda 40 milyona kadar ulasacagini belirtmektedir
(Kula, 1994). Biyolojik cesitliligin fazla olmas1 ekolojik dengenin saglanmasinda hayati bir dneme sahiptir.
Ekolojik denge, biyosfer iginde farkl: tiirlerin farkli fonksiyonlar: tamamlamasini miimkiin kilmaktadir. Biyolojik
cesitliligin yok edilmesiyle, ekosistemin de biiyiik oranda zayiflayacagi bilinmektedir. Biyolojik ¢esitlilik ve
ekosistemlerden saglanan faydalar anlatilanlardan ve gliniimiize kadar kesfedilenlerden ¢ok daha fazlasi olabilir.
Tim bu faydalar aslinda insanoglunun ekonomik a¢idan refah ve gelisme kosullarina da olanak saglamaktadir.
Ancak anlatilan faydalara karsin biyolojik cesitlilikteki azalma trendinin diizenli bir sekilde devam edecegi;
biyolojik ¢esitliligin 2010-2050 déneminde bugilinkiinden %10 daha az olacagi belirtilmektedir. Ayrica
giinlimiizde genetik ¢esitliligin her yil giderek azaldigi ve bu azalmanin yilda ortalama 1000 tiir oldugu; bu ylizy1ilin
sonuna kadar yilda 10.000 tiire kadar yiikselecegi ifade edilmektedir (Goldsmith ve Hilyard, 1988). Uluslararasi
Doga Koruma Birligi (IUCN), nesli tiikenmekte olan bitki ve hayvan tiirleri i¢in olduk¢a aktif ¢alisan bir
organizasyondur. Organizasyonun ¢aligmalarinda ise diinyada 31.000 den fazla tiiriin yok olma tehlikesiyle karst
karsiya oldugu ifade edilmistir. Bu degerin %41’inin amfibi, %25’inin memeliler, %34 iiniin ¢esitli aga¢ ve ¢ali
tiirleri, %14’ {inlin kusglar, %30 unun kdpek baligi tiirleri, %33 {iniin mercan resifleri ve %27 sinin g¢esitli kabuklu
canlilardan olustugu deklare edilmistir (IUCN, 2020). Diinyada biyolojik ¢esitlilik etkin bélgeler ve tehdit
altindaki bolgeler belirlenerek IUCN tarafindan deklare edilmistir. Amerika Kitasinin Pasifik Okyanusuna bakan
sahil bolgeleri, Akdeniz’e kiyist olan Giiney Avrupa ve Kuzey Afrika bolgeleri, Tiirkiye’nin Karadeniz Bolgesi
hari¢ tim ylz6lgimii, Afrika Kitasi’nin Dogu Bolgeleri (Arap Yarimadasi ve Madagaskar déhil), Gliiney Dogu
Asya ve Avustralya etrafindaki ada bolgeleri biyolojik gesitlilikte sicak noktalar olarak ifade edilmektedir
(Conservation International, 2020). Biyolojik cesitlilik ya da yasayan organizmalarin c¢esitliligi ve bu
organizmalara ev sahipligi yapan ekosistemler bulunduklari topluma ¢ok cesitli yararlar saglarlar. Ancak bu mal
ve hizmetlerin ekonomik karar mekanizmalari igerisinde yer almamalart onlarim yok oluglarmin temel sebebidir.
Dogrudan olmasa da farkli yaklasimlarla biyolojik ¢esitliligin sagladigi mal ve hizmetlerin ekonomik karsiliklart
bulunabilir. Biyolojik ¢esitlilik, dogal kaynaklarin ekonomik degerlemesinde sik¢a kullanilan toplam ekonomik
deger tablosu igerisinde dogrudan kullanim degeri (use value) ve dolayli kullanim degerlerinin (non-use value)
bazi pargalarini igerir (Giirliik 2006a). Biyolojik ¢esitliligin zengin olmasi, bulundugu bdlgeye belirli diizeyde
dogrudan kullanim degerleri saglar. Rekreasyon amagli bolgedeki bitki ve hayvan zenginligini kesfe gelenlerin
olusturdugu ekonomi ile eczacilik sektdriine hammadde saglama degeri (farmasotik deger) bu grupta yer
almaktadir. Kullanim degerleri arasinda, biyogesitlili§in tarimsal iretime hammadde saglama fonksiyonu
(Germaplazma) bulunur. Bu 6nemli fonksiyon iireticiler tarafindan bilinmese de (dolayli kullanimi) tarimda
verimlilik ve stirdiiriilebilirlik i¢in dnemli yagam destek fonksiyonudur (Pearce ve Pearce, 2001). Biyolojik
¢esitliligin kullanim dis1 degerleri de séz konusudur. Kisiler gelecek kusaklara birakacaklart dogal kaynak
miktarini 6nemserler ve bunun saglanmasi igin bir ddeme isteginde (willingness to pay) olabilirler (Giirliik, 2006b).
Ayrica gevresel mal ve hizmetlerin bugiin kullanilmasa da gelecekte herhangi bir zamanda ve farkli bicimde
kullanilma potansiyeli de bir 6deme istegi olusturabilir. Diger bir ifadeyle, dogrudan kullanim ve dolayli kullanim
degerinin bilesenlerinin herhangi birinin gelecekte kullanilmasindan elde edilecek faydalar i¢in bir deme istegi
degeri atfedilebilir. Kisiler biyolojik g¢esitliligin varligindan hosnut olurlar ve bu zenginligin korunmasi igin bir
O0deme istegi egilimine girebilirler. Ancak basit bir 6deme istegi sorgusu ile ortaya cikarilamayacak biyolojik
cesitlilik degerleri de vardir. Yasam dongiisii degeri (ya da yasam ag1) ya da ekosistem degeri olarak
adlandirilabilecek bu tiir fonksiyonlar ve degerler, diger tiim ekosistem hizmetlerine altyapr destegi saglarlar.
Dolayli kullanim degeri olan bu 6nemli fonksiyon olduk¢a karmasik bir yapi gosterir (Van Kooten ve Bulte, 2000).
Bir ekosistem icindeki biyolojik tiirler karsilikli bagimlilik gosterir ve hayatta kalmak i¢in karmasik bir gida
sistemine bagimlidirlar. Ornegin sonsuz enerji kaynagi olan giines, yerkiireye enerji saglarken, bitki ortiisti bu
enerjiden faydalanir ve gekirgeler i¢in uygun bir ortam olusur. Cekirgelerin avcist kuslar ve kurbagalardir. Kus ve
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kurbagalar yilanlarin besin zincirinde 6nemli bir yer tutar. Yirtict kuslar ise dnceki tiirlerin hepsi i¢in avci
konumundadir. Bir hayvan tiirii 61diigiinde, solucanlar, mantarlar ve bakteriler tarafindan ayrisir ve ¢imlerin tekrar
kullanmast igin giiriime siirecinde besinler topraga salinir. Déngii yeniden baslar. Iste bu déngii, insanoglu igin de
hayatin devamliligi konusunda bir altyap: saglarken; dongiideki tiim bitki ve hayvan tiirleri insanoglu igin
dogrudan besin kaynagi da olabilir. Boylesine biiyiik ve karmasik iliskiler sisteminin sagladigi ekonomik degeri
tahmin etmek oldukca giictiir. Ancak belirli diizeylerde yaklasimlar gelistirilmistir. Ekosistemdeki tiim yasam
bicimleri, gida arz1 ve enerji i¢in diger tiim canli ve cansiz varliklara baglidir (Anderson, 2010; Bann, 1998). Tiim
tahmin giigliiklerine ragmen, insanoglunun tiikettigi enerji kaynaklariyla elde ettigi gelirin 6nemli bir bolumu ve
her 6giinde tiikettigi gidanin parasal degerin 6nemli bir boliimii biyolojik ¢esitlilikle ilgili bir hizmetin sonucu
oldugu soylenebilir. Biyolojik ¢esitliligin ekosistem degeri ile ilgili kapsamli bir aragtirma Costanza ve ark., (1997)
tarafindan gerceklestirilmistir. Caligmada, biyolojik gesitliligin yagam ag1 hizmet degerinin kiiresel Gayrisafi
Yurti¢i Hasila toplaminin 1.3 kat1 kadar oldugu tahmin edilmistir. Bahsedilen ¢alismalar, her ne kadar karmagik
olsa da biyolojik ¢esitliligin ekosistem destek degeri i¢in de bir yaklasim gelistirilebilecegini gostermektedir.
Biyolojik ¢esitliligin ekonomik degerlemesi kavrami bazi yazarlarca elestirilse de (Ehrenfeld, 1988), aslinda degeri
tespit edilen, biyolojik cesitliligin sagladigi hizmetlerdir (Pearce ve Pearce, 2001). Diger bir ifade ile ekonomik
analizlerde biyolojik ¢esitliligin kaynak degerleri belirlenmeye calisilir. Diinya genelinde orman alanlarini
icerisindeki biyolojik ¢esitlilik, bolgesel ekosistemin siirekliligi i¢cin dnemli degerler olarak kabul edilmektedir
(Gret-Regamey ve ark., 2012; Yilmaz, 2009). Dag ve orman ekosistemi, enerji, su, gida, barinak, tibbi rezervler
ve kiiltiirel ekosistem hizmetleri gibi ¢ok gesitli ekosistem hizmetlerini desteklemekte; insan ihtiyaglarina 6nemli
dizeyde kaynak olmaktadir (Huber ve ark., 2013; Swallow et al., 1990). Diizenleyici islevi ile karbon
sekurizasyonu ve hidrolojik dongiiniin siirekliliginin saglanmasinda rol oynamaktadir (Kroupova ve ark., 2016).
Caligmanin konusunu olusturan Uludag Milli Parki (UMP), boyle bir ekosistemdir ve Bursa ili ve Turkiye icin
onemli bir dogal kaynak konumundadir. Dogrudan ve dolayli kullanim degerlerinden hemen hepsini igerisinde
barindirmaktadir. Ancak son yillarda artan ziyaretci sayisi ve yonetimsel sorunlar UMP’den beklenen faydalarin
elde edilememesine ve toplumsal refah kayiplarina yol agmaktadir. Bursa ili niifus ve sanayi gelisimi ise bu tiir
dogal kaynaklar i¢in 6nemli problemlerdendir.

Bu ¢alisgmanin konusunu olusturan Hartman yaklagimi, aslinda orman kaynaklari yonetiminde ilk teorik
yaklasim olan Faustmann yaklagiminin bir uzantisidir. Faustmann yaklasimi, 19. Yiizyilin ortalarinda dogal
kaynak yonetimine ve 6zellikle dag-orman ekosistemlerinin ekonomik analizine 6nemli katkilar yapmigtir. Orman
rotasyonu agisindan dnemli teorik ¢ikarimlar saglayan Faustmann yaklasimi ile rotasyon zamaninin dogru tahmin
edilmesi yani optimum rotasyon periyodu belirlenebilmektedir (Brazee, 2001). Belirli bir agag biiyiime fonksiyonu
ile hektara diigen dag-orman degeri belirlenmektedir. Faustmann yaklagimi, kullanim ve kullanim dis1 degerlerin
analize katilmadig1 durumlarda biyolojik kiitle degisimini (kereste degeri) gosterge kabul eden bir yaklagimdir.
Faustmann yaklagimi ile ¢aligan pek ¢ok arastirmaci daha ¢ok indirgeme orani tizerindeki degisimlerle analizleri
gerceklestirirken (Koskela ve Ollikainen, 1997; Parks ve Murray, 1994; Deacon, 1994; Bulte ve van Soest 1996;
Crabbe ve van Long 1989; UMP o&zelinde incelenen bu c¢alismada biyolojik gesitlilik degerleri de analize dahil
edilerek Hartman yaklasimi benimsenmistir. Calismada kullanilan biyolojik ¢esitlilik degerleme metodolojileri
Hartman yaklagimu ile ilgili literatiire katki yapacaktir.

2. Materyal ve Metot
2.1. Materyal

Arastirmanin materyalini UMP amenajman plan1 vasitastyla elde edilen veriler olusturmaktadir. Ayrica UMP’yi
baz alan daha onceki ¢aligmalar Web of Science, Scopus, Google Scholar gibi bilimsel yayin tarama platformlar
kullanilarak elde edilmistir. Modellerde kullanilan parametre degerlerinin timii yaygin literatiire uygun olarak
belirlenmistir. Aragtirmanin materyalini olugturan UMP dag-orman ekosisteminin kaynak degerlerine iliskin pek ¢cok
arastirma gerceklestirilmistir. 12762 ha.’lik alana sahip olan UMP’nin % 71°1 orman, % 28’ i cayurlik ve kayalik
alanlar, % 0.4’ i agik alanlar, % 0.1’ i su ile kapli alanlar, % 0.8’ i ise yerlesim alanlaridir. Uludag, ormanlik alanlar,
makilik, turbaliklar, subalpin fundaliklar, alpin sarp kayaliklar ve agik alanlar gibi ¢ok zengin bir habitat ¢esitliligine
sahiptir. Bitkisel ¢esitlilik merkezi olan Uludag’da, 1320 bitki tiirii bulunmakta olup, bunlardan 33’ @i Uludag, 138’ i
Tiirkiye endemigi olmak tizere toplam 171 endemik tiire ev sahipligi yapmaktadir. Ayrica Uludag kiiresel 6lgekte nesli
tehlike altinda olan 3 tiirtin, Avrupa 6l¢eginde nesli tehlike altinda olan 54 tiiriin yagsam alanini olugturmaktadir (Eltan
ve ark., 2016; Ozhatay ve ark.,2003; Daskin, 2008).
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2.2. Metot

Bu ¢aligmanin konusunu olusturan biyolojik gesitliligin yarattigi ekonominin belirlenmesinde Faustmann ve
Hartman yaklasimlar: kullanilmistir. Orman kaynaklar1 yonetiminde ilk teorik yaklasim olan Faustmann yaklagimu,
ormancilikta kereste degeri iizerinden analizler yaparak optimal rotasyon siiresini belirlemeyi amaglamaktadir.
Hartman yaklagimi ise, Faustmann yaklagiminin bir uzantisi olup; ormanin kereste dis1 degerlerinin ekonomik
analizine olanak tanimaktadir. UMP 6zelinde incelenen bu ¢aligmada biyolojik ¢esitlilik degerleri de analize déahil
edilerek Hartman yaklagimi benimsenmistir.

Biyolojik ¢esitliligin farmasotik degerleri dikkate alinirken ise iki farkli alt deger goz 6ntinde bulundurulmustur.
Bunlardan birincisi ilacin ticari (geleneksel) kullanim degeri ve olusturdugu ekonomidir. Ikincisi ise opsiyon degeri ile
ilgilidir. Insanoglu, icadim gelecekte gerceklestirilecegi pek ¢ok ilacin hammaddesini, biyolojik ¢esitliligin kaybi
sebebiyle su anda tehlikeye atiyor olabilir. O halde her tiirlii dogal kaynaga miidahalede biyolojik ¢esitlilik degerleri
karar ¢aligmalarina dahil edilmelidir. Farmasotik deger tahmini igin 6nemli bir model Pearce ve Moran (2001)
tarafindan gelistirilmistir. Belirli bir dogal alanin farmasétik degerinin, alandaki biyolojik gesitliligin ilaca doniisme
olasiligina (p), ilacm piyasa degerine (pdi) , telif hakki (royalty) degerine (th) ve rant edinimi katsayisina (re) bagh
oldugu ifade edilmistir. Tiim bunlar agagidaki gibi esitlik 1 ile formiillestirilebilir :

FD=p*pdi*th*re (Es. 1)
FD : Farmasotik deger

p : Biyolojik ¢esitliligin ilaca doniisme olasiligt

pdi : flacin piyasa degeri

th : Telif hakk: degeri

re : Rant edinimi

Belirli bir bolgedeki biyolojik cesitliligin ilaca doniismesi 6nemli bir ‘sans degiskeni’ olup; ve olasiliklar dahilinde
dikkate almabilir. Principe (1991), bu degerin iyimser bir yaklagimla 0.001 ve 0.0001 referans araliginda olabilecegini
ifade etmistir. Simpson ve ark., (1996) ise bu degeri bolgedeki tiir sayisi, Ar-Ge yatirim harcamalarina bagl bir
modelleme ¢aligmasi ile bu olasiligi 0.000012 olarak hesaplamustir. Bu ¢alismada Simpson ve ark., (1996) tarafindan
deklare edilen deger ile Principe (1991)’in 0.0001 referans degeri dikkate ahnmustir. flacin piyasa degeri iki farkl
metotla (i=1 ya da i=2) hesaplanabilir. Kullanim ve veriye erigim kolaylig1 sebebiyle piyasa fiyatlarinin kullanimi daha
yaygmdir. Ancak 6liimii azaltmasimn kisi bas1 gelir getirici durumu, hastalik sebebiyle is yapamamanin kisi bas1 kayb1
gibi vekil fiyatlar da referans almabilir. Ancak ikinci metodolojide, kullanilan hangi ilacin hastayi iyilestirdigi ya da
hayatta kalmanin istatistik gelir degerinin saptanmasi gibi verilere ulagsmak oldukg¢a giictiir. Giiniimiiz diinyasinin
glincel konusu Covid-19 viriisiine karst bulunabilecek ilag ya da asi oldukga 6nem kazanmustir. Aginin ya da ilacin
mahiyetinin biyogesitlilik yardimiyla ¢oziime kavusturulmasinin piyasa degeri, en az iki ¢eyrekteki diinya Gayrisafi
Yurtigi Hasila toplam degerine esit olabilir. Tiim bu agiklamalar 1s181inda, 1990 yilinda ABD’de bitkisel biyogesitlilige
dayali ilag satiglarmin 15.5 Milyar USD oldugu ve bunun 40 tiirden elde edildigi bilinmektedir (Pearce ve Moran, 1994)
Dolayisiyla yapilan tahminlere gore tiir basina 390 Milyon USD degeri referans alinabilecektir. Ancak iilkemizde bu
tiir caligmalarin yapilmamasi ve ilag sanayi Ar-Ge departmanlarinin yeteri kadar yaygin olmamasi sebebiyle etki
transferi metoduyla, 6rnek alinan iilkedeki kosullarm Tiirkiye kosullarina ekstrapole yapilmasi zorunlulugu ortaya
cikmustir. Asagidaki etki transferi (fayda ya da maliyet) formiilasyonu (esitlik 2), deger saptamamin giiclestigi
durumlarda, daha 6nce yapilmis ¢calismalardan faydalanmay1 miimkiin kilmaktadir (Tabche, 2002):

i=(Yil Yj)E*I (Es. 2)
l;  :jilkesiigin etki degeri

Yi :ililkesinin GSYH degeri

Y; :jilkesinin GSYH degeri

E : Cevresel fayda talebinin gelir elastikiyeti

i :iiilkesii¢in etki degeri

Hesaplamalar igin gerekli veriler Tiirkiye ve ABD igin 1990 y1ili Gayri Safi Yurtici Hasila degerleri sirasiyla 150.67

Milyar USD ve 5.963 Trilyon USD olarak alimmigtir (WB, 2020). Cevresel fayda talebinin gelir elastikiyeti ise 0.5
olarak kabul edilmistir. Bu katsay1 pek ¢ok Avrupa iilkesi i¢in 1’in altinda olarak kabul edilmektedir. Sanayilesme ve
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kalkinmakta olan {iilkeler i¢in 0.5 katsayisinin yeterli olacag: ifade edilmektedir (Kristrom ve Riera, 1996). Yapilan
hesaplamalar ile bulunan 2.453.437.339 USD’lik deger, (OGM, 2014) tarafindan deklare edilen 1980 yili orman
alanma boliindiigiinde (yaklasik 20.5 Milyon Hektar), hektar basina diisen biyolojik ¢esitliligin eczacilik hammaddesi
piyasa degeri (pdi) 119.6 USD olarak elde edilmistir. Sermaye piyasasi gelismis ve miilkiyet haklarinin oldukga bagarili
bir sekilde korundugu tilkelerde, genel olarak telif hakki oran1 %5-20 arasinda degiskenlik gostermektedir. Eczacilik
sektdrii icin %5 orani, sdzlesmelerde en cok karsilasilan oran (Royalty Source, 2020) oldugu i¢in bu ¢alismada telif
hakki1 orani (th) %5 olarak kabul edilmistir. Gelismekte olan ya da az geligmis bir iilkenin biyolojik ¢esitliligin toplam
degerinden elde edecegi rant edinimi oldukga diigiik diizeydedir. Tarihsel siiregte bu deger hemen hemen sifira yakin
bir degerde oldugu; ancak son zamanlarda Ekvatoral bolgelerdeki iilkelerin de kurumsal diizenlemelere gitmesi ve
biyogesitlilik koruma projelerinin dis finansman saglanarak gergeklestirilmesi ile belirli diizeyde iyilesmelerin oldugu
vurgulanmaktadir (Ruitenbeek, 1988; Bann, 1998). Kiymet takdiri ¢aligmalarinda bu faktdr hesaba katilirken, evsahibi
tilkenin kurumsal kapasitesi iyi analiz edilmelidir. Genel olarak bu tiir bir rant1 elde etmeyi etkileyen faktorler, ev sahibi
iilkelerdeki lisanslama yapist; Ar-Ge kiiltiirii, kaynak tahsisi kapasitesi ve beseri sermayesi olarak siralanabilir. Bu tiir
ozelliklerin tropik bolgelerdeki yoksul iilkelerde bulunmamasi ile biyogesitliligin de ne yazik ki bu cografyalarda
yogunlagmis olmast birer realitedir. Bu noktada rant edinimi ekonomisi ve teknolojisi yiiksek bir iilke i¢in re=1 kabul
edilirse, az geligmis bir iilke i¢in bu faktdriin re=0.1 olabilecegi dngoriilebilir. Bu ¢alismada Tiirkiye icin bu deger 0.5
olarak kabul edilmistir. Yapilan hesaplamalar sonucunda Tiirkiye i¢in farmasétik deger, biyolojik gesitliligin ilaca
doniisme olasiligi 0.000012 degeri dikkate alindiginda 3.59*10-5 USD Hal, 0.0001 degeri dikkate almdiginda
2.99*10-4 USD Ha! olarak hesaplanmustir. Burada énemli bir konu da ¢ahsilan alandaki risk altindaki tiir saysidir.
Elde edilen degerin risk altindaki tiir sayisi ile genellestirilmesi gerekmektedir (Pearce ve Moran, 1995).

Biyogesitlilik ile ilgili UMP 6zelinde yapilan arastirmalardan 33 tiiriin sadece UMP dlgeginde endemik tiir olmasi
sebebiyle, 33 endemik tiir sayis1 2.99*10-4 USD Ha? ile garpilarak UMP’nin farmasotik degeri elde edilmistir.
Bulunan 31 yillik dnceki deger bugiine getirilerek %10 indirgeme oram igin 1.795 USD Ha® ve %3 indirgeme oran1
icin 0.493 USD Ha! degeri elde edilmistir. UMP’nin geneline giincellenen degerler ise %10 indirgeme oran1 igin
22.907 USD/Y1l ve %3 indirgeme orani igin 6.291 USD/y1l olarak hesaplanmustir. Biyogesitliligin tarimsal iiretimi
destekledigi ve olanak sagladig1 pek ¢ok arastirmada belirtilmistir. Bu gorevin (faydanin) ¢iftginin {iretim fonksiyonu
icerisinde dikkate alinmamasi ¢ogu kez toprak kaynaginm bilingsiz kullanilmasma sebebiyet verirken; pek ¢ok cevre
sorununun temelini olugturmaktadir. Biyogesitlilik fonksiyonlari, tarimsal Uretim igin dnemli bir genetik kaynak
durumundadir ve dolayli kullanim degerine sahiptir. Germaplazma degeri olarak ifade edilen bu 6nemli kaynak,
tarimsal {iretimin devamlilig1 ve verim kabiliyetinin artmast igin olduk¢a énemlidir. Ozellikle bitkisel {iretim igin
gerekli germaplazma kaynagmin %6.5 unun biyolojik ¢esitlilik sebebiyle meydana geldigi belirtilmistir (Swanson,
1996; Fromm, 2000). Tarimsal {iretim girdileri igerisinde bedava olarak kabul edilebilecek bu kaynak, olmamasi
durumunda verim kayiplarina yol agabilecektir (Hanley ve Perrings, 2019). UMP etrafindaki pek ¢ok tarimsal alanda,
yem bitkileri, ¢esitli meyve ve sebze iiretimi ve aricilik gibi faaliyetlerde bulunulmaktadir. UMP’ye sinir bu arazilerin
biiyiikliigii 2340 Ha’dir. Tarim alanlarmin bitkisel tiretim deeri ortalama 5197 TL Ha™ olup; Croitoru (2007) metodu
ile hesaplanmis otlatma degeri 393 TL Ha™’dir (Anonim, 2020). Buna gére UMP nin biyolojik cesitliligi sebebiyle
tarimsal {iretime ekolojik destegi yillik 1.739.768 USD olarak hesaplanmistir. Hayvanlarin otlatilmasi sebebiyle 565
hektarlik arazide ortaya c¢ikan yillik deger 2.064 USD olarak hesaplanmistir. Bu iki degerin UMP toplam arazi
miktarina béliimii ile 1 hektara atfedilen bitkisel iiretim kaynakli deger 136.3USD Ha ve hayvansal tretim kaynaklh
deger de 0,16 USD Ha? olarak hesaplanmustir.

Biyolojik cesitliligin sagladig: tiim fonksiyonlarin olugmasina katki olarak kabul edilen ekosistem destek degeri
icin 6nemli bir ¢aligma Richmond ve ark., (2007) tarafindan 6nerilmistir. Caligmada, ekosistem degeri sayesinde
Gayrisafi Yurti¢i Hasila iiretilebildigi, bunun olugmast igin ise enerjiye ihtiya¢ duyuldugu belirtilmektedir. ‘Birincil
Uretim Ag1’ (BUA) olarak adlandirilan bu enerji akisi, bitkiler tarafindan depolama, biiyiime ve iireme icin kullanilan
enerji miktarmni temsil eder. BUA, ekosistem hizmetleri iireten dogal sermaye stokunu koruyan bir akis olarak kabul
edilmektedir (Costanza ve ark., 1997; Gaston, 2000). BUA, ekonomik sistemdeki pek ¢ok hammadde akis1 ile pozitif
korelasyon gostermektedir. Genel olarak, zayif BUA degerine sahip bitki ortiisii, yiiksek BUA "ya sahip bitki ortiisii ile
karsilastirildiginda ikincisi lehine daha fazla dogrudan ve dolayli kullanim degeri iiretildigi g6zlemlenir. Diger bir ifade
ile biyolojik cesitlilik ile bolgede ortaya ¢ikan BUA da artis gosterir (Gaston, 2000). BUA nmn iiretim fonksiyonuna
(GSYH’ya) katkisi, ekosistemlerin iiretim sebebiyle ortaya ¢ikan karbon ayristirma (sekurizasyon) karsiligi ile
degerlendirilmistir. Diger bir ifade ile bilinen Cobb-Douglas iiretim fonksiyonunda isgiicii (L), sermaye (K) ve
teknoloji sabiti (A)’ya BUA degiskeni (N) eklenerek, genisletilmis iiretim fonksiyonu ile ¢alisilnustir. Bu sayede 71
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gelismekte olan iilkede ve 20 gelismis iilke verileriyle yapilan ¢alismada BUA nin gdlge fiyati, iiretim sebebiyle agiga
cikan ‘karbon karsilig1’ olmustur. Sonuglara gére BUA igin 1 Milyon Kg. karbonun gélge fiyati Zimbabwe’de 0.37
USD, Hollanda’da 924 USD olarak hesaplanirken bu deger Tiirkiye igin 121-147 USD araliginda gosterilmistir. Bu
calismada aritmetik ortalama degeri olan 134 USD dikkate alinmistir. BUA’mn ekosistem degerinin parasal olarak
ifade edilmesi igin, degeri saptanacak ekosistem bolgesinin ayristirdigi karbon miktarinin belirlenmesi gereklidir.
Orman ekosisteminin, agiga ¢ikan karbonu ayristiracagi miktarin belirlenmesi i¢in genis bir literatiir bulunmaktadir.
Bitki ortiisii, agag ¢esidi, rakim, iklim faktorleri, topraktaki bitki besin miktar1 diizeyi, orman zeminindeki ekosistem
farkliliklari iilke diizeyinde yapilan ¢alismalarin da farkh ¢tkmasina sebebiyet vermektedir (Tolunay, 2011). Aga¢ kok
bolgesi ve toprak lizeri olarak depolanan karbon miktari mescere biiyiidiikge artis gostermektedir (Keles, 2017; Kula
ve Giinalay, 2012). Biyolojik kiitle, kok artig orani, kok hacminin yeriistii biyokiitleye doniistiiriilmesi ve genislemesi
icin gerekli dontistirme faktorii ve karbon faktoriinti dikkate alan asagidaki karbon stogu formiilii (esitlik 3) bu
calismada dikkate alinmistir (Tolunay, 2009):

C=(VxBCEFI)x (1+R)xCF (Es. 3)
C : Karbon stogu (Ton)

\% : Agag biyolojik kiitlesi (m®)

BCEFI : Kok hacminin yeriistii biyokiitleye doniistiirme faktérii (Ton/m®) (0,545+0,037)

R : Kok artig orani (0.20-0.40)

CF . Karbon faktori (0.51)

Formiildeki degiskenlerin parantez i¢erisindeki degerleri, tilkemizdeki silvikiiltiir calismalarinda gézlemlenen
degerlerdir. Buna gore yapilan hesaplamalarda, 1 ton biyolojik kiitlenin karbon stogu 360 kg karbon olarak kabul
edilmistir. Ancak literatiirde hektara biyolojik kiitle toplam degerinin %50’sinin karbon stogu olarak
almabilecegini belirten ¢aligmalar mevcuttur (Cannell, 1999; Grierson ve ark., 1992). Niifus artisi, kentlesme,
sanayilesme gibi faktorler orman kaynaklarinin senelik karbon depolama performansimi da etkileyebilecek
niteliktedir (Cannell, 1999). Yapilan hesaplamalarda BUA nin ekosistem degerinin parasal olarak ifade edilmesi
icin 1 ton orman biyolojik kiitlesi i¢in yillik 0.134 USD*0.360 = 0.048 USD degeri dikkate alinmistir. Agag
biyolojik kiitlesi yaninda bitki ortiisii ve orman topraginin da karbonu ayristirdigt belirtilmektedir. Bu konuyla
ilgili yapilan ¢alismalarda orman topraginin hektara 44-268 ton karbonu ayristirdig: belirtilmektedir (Creedy ve
Wurzbacher, 2001). Tropik ormanlarda bu degerin en yiiksege ulagtigi varsayilirsa bu iki degerin aritmetik
ortalamas1 olan 156 ton Ha degeri bu ¢aligmada kullamlabilir. Bu miktar, orman ekosistemin yer aldig1 topragin
BUA degerinin 0.134*156 = 20.90 USD Ha™ oldugunu gostermektedir. O halde BUA’nin ekosistem degerinin
analizlerde parasal olarak ifade edilmesi i¢in, orman topraginin depoladig1 karbon degeri ve biyolojik kiitlesindeki
artig i¢in karbon depolama degerleri ayr ayr dikkate alinmalidir.

Biyogesitlilik kiymetinin UMP yonetiminde kullanilmasi ve daha anlamli hale getirilmesi i¢in orman arazisi
yonetiminde Faustmann temelli Hartman ¢6ziim algoritmasi kullanilmistir. Faustmann’in modeli dncelikli olarak
tek rotasyonlu ve belirli bir agac biiyiime fonksiyonuna sahiptir. Agag biiyiirken, hasat edilecek kereste miktarinin
da zamanla degisecegi 6ngdriilmektedir. Faustmann analizinin baslangici T rotasyon yasinda kereste miktarmi m®
formunda q(T) ile gosterilmesiyle baslar. Agag toplulugunun (mescere) tamaminda homojen bir aga¢ grubu oldugu
kabul edilirse (UMP igin boyle bir varsayim kullanilacaktir) Q(T), mescerenin tiim kereste miktarini gosterir.
Burada nq(T)= Q(T) esitliginden bahsedilir ki n, mesceredeki agac sayisini ifade etmektedir. Baslangictaki stok
miktar1 Qg ile gosterilirse aslinda bu degerin T=0 anindaki Q(T) degeri oldugu sdylenebilir. Mescerenin kereste
miktari, biyolojik kiitlenin biiyiime orani a ve mescerenin tasima kapasitesi K ile iliskilidir. Bliyiime oran1 agag
yapisinin ince veya kalin dokulu olmasina gore degiskenlik gdstermektedir. Kalin dokulu agaglarin biiyiime
oraninin daha diisikk olacagi bilinmektedir. Tasima kapasitesi ise mescerenin destekleyebilecegi maksimum
kereste hacmini ifade etmektedir. Mevsimin 1liman, yagigli olusuna ve toprak kalitesine bagldir. Bu veriler
1s181nda asagidaki biyolojik kiitle kereste hacmi kullanilarak model gelistirilmistir.

Esitlik 4, kereste biyolojik kiitlesinin baslangigta kiigiik, ancak rotasyon yasiyla beraber tasima kapasitesine
kadar artan bir ‘S’ egrisini isaret eder.
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K
K-Q,
Q

Modelde tam rekabet piyasasinin varligi altinda analizde kullanilacak fiyat, maliyet ve faiz oraninin (indirgeme
orani) sabit oldugu varsayilir. Mescerenin kurulumunda, rotasyonun baslangicinda sabit bir bedele (S) katlanilir.
Ancak daha sonra mescerenin dogal biiylime ortaminda herhangi bir masrafa katlanilmadan biiytidiigii varsayilir.
Hasat masraflar1 (C) ve stampaj fiyat1 (p) piyasa fiyatlaridir. Burada iki 6nemli masrafin da analize katilmasi
gerekliligi vardir. Bunlardan birincisi biiylime periyodundaki mescereye yapilan masraflarin hasada ulagana
kadarki siiregte kaybedecegi faiz geliridir. Rotasyon aralig1 uzadik¢a séz konusu maliyet artacaktir. Bu firsat
maliyeti bir faiz orani (r) ile modele yansitilir. Dogal olarak T yasindaki mescerenin bugiinkii degeri bir indirgeme
faktorii (e ) ile bugiine getirilebilir. Baslangig yilindaki dikim maliyeti, S, indirgemeye tabi tutulmamaktadir. Bu
noktada T rotasyon uzunlugundaki hasat edilen megcerenin net bugiinkii degerini veren esitlik (5) asagidaki gibi

QM) =
1+[

K>Qo>0 (Es. 4)
:|e—aT

olacaktir:
N(T)= (p-C)Q(T)e"™ S (Es.5)

Bir diger maliyet ise arazi kiymetiyle ilgilidir ve ¢evre yonetimi sorunlarinin da énemli bir nedenidir. Zira
orman alanina yakin yerlerin agir1 kiymetlenmesi, bu tiir alanlarin bulundugu alanlarin da paraya doniistiiriilmesine
ve bagska alanlarda kullanilmasina sebebiyet verebilmektedir. Diger bir ifade ile arazi kirasi ya da satilmasi yoluyla
elde edilebilecek alternatif gelir, bu modeldeki ikinci tir maliyettir. Tim ekolojik ve ekonomik parametrelerin
degismedigi sabit oldugu varsayimiyla, bir sonraki periyotta da orman ydnetiminin kargilasacagi sorun yine
aynidir. Diger bir ifadeyle her rotasyondaki problem ayni kalacaktir. O halde V(T) rotasyon periyodunun sonunda
agaclarn kesilmesiyle elde edilen kereste degerinin net bugiinkii degeri ile rotasyon periyodunun sonundaki ¢iplak
arazi kiymetinin bugiinkii degerinin toplamin1 verecektir:

V(T)= [(p-C)Q(T)e"™ - S] + V(T)e " (Es. 6)
Buradan asagidaki esitlik yazilabilir:

-C)Q(T)e ™ -5
v(r)=LP )1Q e) (Es. 7)

Toplum menfaatleri dogrultusunda Esitlik 7’nin maksimize edilmesi gerekmektedir. Zira ekonomik etkin
olmayan bir dogal kaynak yonetimi toplumun aleyhine olacaktir. V(T)’yi maksimize eden esitlik 8:

MAX; 1V (T) = ‘p‘c)ff)f s (Es.8)

Maksimizasyon problemi i¢in V(T)’ye bagl birinci tiirev alinip sifira esitlenmelidir.

(- M)(P-C)Q-e ™ —re ™ (p-C)A ) re ™ [(p-C)QT)e ™ 5]
(1_e—rT*)2 (1_e-rT*)2

V(T)= =0 (Es. 9)

Esitlikte Qr ifadesi, T rotasyon periyoduna bagli birinci tiirevin alindigin1 gdstermektedir. T" ifadesi ise optimal
rotasyon yilin1 gostermektedir. Esitlik 9’un daha kolay bir formu asagidaki gibi yazilabilir:

(P-C)Q 1 (Es.10)
(p-C)Q(T)-S 1-e™

Esitlik 10, optimal rotasyon uzunlugunu gosteren Faustmann formiili olarak adlandirilir (Amacher ve ark.,
2009). Esitlik 9’un hesaplama araci olarak daha kolay gosterimi asagidaki gibi verilebilir:

(P-C)Q =r[(pP—C)Q(M)+V(T)] (Es. 11)

Esitlik 11, mescerenin etkin rotasyon periyodunun, orman degerindeki degisim oraniyla, agaglari ve orman
arazisini para sermayesine doniistiirmeyle kazanilacak getiri oraninin birbirine esit oldugunda olusacagini
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aciklamaktadir. Ekonomik anlatimla, esitligin sol tarafi mescerenin bilylimesi igin ayrilan kerestenin marjinal iiriin

degeridir. Esitligin sag tarafi ise kereste yetistirmekle kullanilan sermayenin ve arazinin baska sekilde
kullanilmamasi nedeniyle olusan maliyetin (bu tercihin firsat maliyeti) toplamindan olusur. Biyolojik g¢esitliligi ve
buna bagli degerlerin modele yansitilmasi agagidaki maksimizasyon probleminin ¢oziimiidiir:

] B(t)e "dt +(p—C)Q(T)e™" —S

MAX_.:V(T) =2 e (Es. 12)

T’ye bagli maksimizasyon probleminin ¢dziimii i¢in gerekli birinci sira diferansiyeli asagidaki gibidir:
(P—-C)Q; +B(M) =r[(P-C)Q(M)+V(T)] (Es.13)

Esitlik 13, Faustmann optimal orman arazisi yonetiminin uzatilmis yaklasimi olan Hartman ¢oziimiidiir.
Hartman ¢6ziimii i¢in biyolojik gesitlilik fayda akigini betimleyen bir fonksiyona ihtiya¢ vardir. Zira optimal
rotasyon kosullarinin, biyolojik ¢esitlilik faydasi ile degismesi s6z konusudur. Hartman yaklagiminda, sonsuz
rotasyon boyunca meydana gelen ¢evresel fayda degerleri, B(t), etkin rotasyon dénemi olan T icin Boman ve ark.,
(2010) tarafindan asagidaki gibi modele dahil edilmistir:

_T[B(t)e“dt

B(T) = 01_T (Es. 14)
Esitlik 14, orman alanmin kereste degeri, alan kiymeti ve biyolojik ¢esitliligin gésterdigi degerler toplami
olarak VV(T) ifadesinin kullanilmas: daha uygundur. O halde,

VV(T) = V(T) + B(T) (Es. 15)

ifadesi, yeni optimizasyon kosulunun dikkate alinmasinda biyolojik ¢esitlilik faydasinin da dikkate alinacagini
gostermektedir. Bu durumda Esitlik 15’in birinci sira diferansiyeli, esitlik 16 olur.

W(T)=0=(P-C)Q'(T)+B(t) =r [(P-C)Q(T) +WV (T)] (Es. 16)

Literatlirde issel biiylime fonksiyonu, kereste degeri disindaki degerleri gostermesi bakimindan en ¢ok
kullanilan fonksiyon tipidir (Burgess, 2000; Swallow, 2000). Bu nedenle B(t)=Boe™ fonksiyonu bu ¢aligmada
biyogesitlilik degerleri temsil edecek olan fonksiyondur. B(t), t rotasyon zamaninda biyolojik ¢esitli/igin kompozit
indeks degeri (USD Ha?) olup; bu degerin t=0 esnasinda biyolojik ¢esitlilik baslangig degerine (Bo) esit olacag:
gozlemlenebilir. Zira biyolojik gesitliligin, orman biyolojik kiitlesiyle artis gosterecek degerleri oldugu gibi; buna
bagli olmayan degerleri de mevcuttur. Bu nedenle b degeri b>0, b<0 ya da b=0 olabilir. Bu ¢alismada 1 ton orman
biyolojik kiitlesi basina diisen BUA degeri disinda diger tiim degerler sabit olarak (Bo) kabul edilmis; b katsayisinin
da yillik agag bitylime oranindan (a=0, I) daha kii¢lk olarak 0.05 oldugu kabul edilmistir. Bu ¢alismada kullanilan
tiim parametreler Faustmann ve Hartman yaklagimlari i¢in ayr1 ayr1 Tablo 1 ve 2°de verilmistir.

Tablo 1. Faustmann temel model parametreleri
Table 1. Faustmann’s main model parameters

Parametre Deger

a (Yilik agag biiylime orani) 0.1

K (Mescere tasima kapasitesi) 500 m® Ha!
PC (Dikim maliyeti) 100 USD Ha*
p (Stampaj fiyati 63 USD/m3

C (Hasat/kesim maliyeti) 25 USD/m?3

r (indirgeme orani) %5

Qo (Biyolojik kiitle baslangic degeri) 5m® Ha!

242



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(2)

Tablo 2. Hartman biyocesitlilik faydas: model parametreleri

Table 2. Hartman's biodiversity benefit model parameters

Parametre

Deger

FD: Farmasétik deger

p: Biyolojik ¢esitliligin ilaca doniisme olasiligi
pdi: flacin piyasa degeri

th: Telif hakki degeri

re: Rant edinimi degeri

Germaplazma fonksiyonu degeri

Bitkisel iiretim kaynakli deger

Hayvansal tiretim kaynakli deger

BUA (Birincil Uretim Ag1)

C: Karbon stogu

V: Agag biyolojik kiitlesi

BCEFI: Kok hacminin yer iistii biyokiitleye doniistiirme
faktorii (Ton / md) (0,545+0,037)

R: K&k artis orant

CF: Karbon faktori

UMP Orman biyolojik kiitlesi icin BUA degeri
UMP toprag igin BUA degeri

Biyolojik ¢esitlilik kompozit indeksi

B(t)

Bo

b

1.795USD Ha! (%10 indirgeme faktori)
0,0001

119USD Hat

%5

0.5

136,3 USD Ha
0.16 USD Ha

Ton
m3

0.545Ton/m?3
0.30

0.51

0.048 USD/Ton
20.90 USD Ha?t

USD Hal
159.15 USD Ha?
0.01

3. Arastirma Sonugclar1 ve Tartisma

Calismanin formiilasyonu ‘Microsoft Excel Spreadsheet’, diferansiyel analizi ‘MATLAB’ paket programlar ile
gerceklestirilmistir. Aragtirma sonuglarinin baslangi¢ modelinde Tablo 1°de verilen niimerik degerler dikkate alinmugtir.
Temel modelin sonuglarma gére, UMP’nin yaklasik 44 yillik rotasyona sahip oldugu sonucuna varimistir. UMP, 44,
yilda 956 USD Ha! net bugiinkii degere ulagmaktadir. Caligmanin sonuglan UMP’nin gercek alam ile
degerlendirilebilir. Buna gore, biyolojik ¢esitlilik degerlerinin dikkate alinmadigi durumda UMP’nin 44 yillik
rotasyonda en yiiksek simdiki degeri, 12.2 milyon USD olarak hesaplanmistir. UMP’nin diger tiim degerleri (gevresel
fayda degeri) sifir kabul edildiginde matematiksel beklenti, sonsuz rotasyonda UMP’nin 44 yilda bir yenilenmesi
olurdu. Zira bu yilda, kaynak stogunun (burada biyolojik kiitle hacmi) biiylime orani indirgeme oranina esitlenmistir.
Sifirdan farkli segilecek her indirgeme orani, kaynak stogu biiyiitmenin firsat maliyeti igin referans teskil edecektir.
Uzerinde biyolojik kiitle ve arazinin kendisinin degerinden olusan mescere degeri de bu yildan sonra azalmaktadr.
Niimerik parametrelerdeki artisin mescere degeri iizerindeki etkisi farkli olacaktir. Stampaj fiyatt (dV/dP), mescere
tasima kapasitesi (dV/dK), agac biiylime orami (dV/da) ve/veya biyolojik kiitle baslangi¢ degeri (dV/dQO0) arttikca
optimum rotasyondaki megcerenin bugiinkii degerinde artig gosterecektir. Dikim maliyeti (dV/dPC) ve/veya indirgeme
orani (dV/dr) arttikca optimum rotasyondaki mescerenin bugiinkii degerinde azalma gozlemlenecektir. Arastirmada
biyolojik ¢esitlilik faydasmim dahil edilmesiyle model, Hartman yaklasimina déniismiis, Tablo 2’de verilen niimerik
parametre degerleri dikkate alinmigtir. UMP Hartman yaklagimimin sonuglarina gére, UMP’nin 44 yil olan Faustmann
modeli rotasyon siiresinin, 53 yila yiikseldigi gézlemlenmistir. UMP, biyolojik cesitliligin dikkate alindig1 Hartman
rotasyonunda 53. Yilda 5.294 USD Ha™! bugiinkii degerine ulasilmaktadir. Bu yildan sonraki her y1l, orman biyolojik
kutlesi ve biyolojik cesitlilik faydasindaki artis bir 6nceki yila gore daha diisiik olacaktir. Eger orman yonetiminde
rotasyona gidilmez ise sosyal karlilik 53. yildan sonra %5’in altina diisecektir. Diger bir ifadeyle, UMP’nin biyolojik
kutlesinin yenilenmesindeki her yilki gecikmenin marjinal faydas, ilave yilin toplam biyolojik kiitle degerine katkist
ve biyolojik ¢esitlilik degerinin yillik katkis1 toplami kadar olacaktir. UMP’nin biyolojik kiitlesinin yenilenmesindeki
her yilki gecikmenin marjinal firsat maliyeti ise toplam orman stogu, orman ¢iplak toprak degeri ve biyolojik ¢esitlilik
degeri toplaminin faiz degerinin indirgenmis degerlerine esit olacaktir. Yillik gecikmenin marjinal faydasi ve marjinal
firsat maliyetleri 53. yilda birbirine esit olmaktadir. Elde edilen sonuglar, UMP’nin toplam alanina genellestirildiginde
aslinda biyolojik ¢esitliligin ne kadar degerli bir ekosistem hizmeti sagladigini anlatmaktadir. Eger biyolojik cesitlilik
kompozit indeksindeki parametrelerden B, oldukga bilyik ve b pozitif ise optimum rotasyon siiresinin sonsuza uzamasi
muhtemeldir. Bu durumda s6z konusu dogal kaynagmn nadide dogal kaynaklardan biri oldugu ve tahsis kararlarinda
¢ok dikkatli olunmas1 gerektigi anlasilir. Eger kentlesme, sanayilesme ya da diger tiirlii ekonomik gerekgelerle arazi
tasarruflart degisiyor ve dolayisiyla olusan yeni fiyatlar dogal kaynak aleyhine gelisiyorsa, bu defa kit olan kaynak
biyolojik cesitlilik degil kullanim degerleri olabilir. Matematiksel olarak belirli bir seviyeden sonra ise ekosistem
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hizmetine ihtiyag duyulmayabilir. Aslinda giiniimiizde yaganan g¢evre sorunlarinin temelini, dogal kaynak
hizmetlerinin tiim ekonomik degerlerinin bilinmemesi sebebiyle oldugu agiktir. Biyolojik ¢esitliligin 6nemi, eczacilik
sektoriiniin gelisimiyle yakindan ilgilidir. Ancak biyolojik ¢esitliligin diger degerlerinin de bilinmesi gereklidir. Merck
flag Firmasi, 1991 yilinda Kostarika’daki Biyogesitlilik Enstitiisii (INBio) ile bir anlasma yaparak, Kostarika’daki
Guanacaste Ulusal Parki 40 y1l boyunca her yil 2000 numunenin taranmasini amaglamistir. Bunun i¢in firmanin
katlandig1 maliyet hektar bagina 3.27 USD iken, elde edecegi ilag hammaddesinin degeri 9.65 USD olarak hesap
edilmigtir. Ancak Kostarika’daki 600.000 Hektarlik bu ormani Biyokoruma alami ilan etmenin maliyeti ise hektar
bagma 407 USD olarak hesaplanmustir. Dolayistyla biyolojik ¢esitliligin korunmasi i¢in salt eczacilik avantajlart degil
tim diger degerler de ortaya g¢ikarilmalidir (Barbier ve Aylward, 1996). Benzer sekilde Simpson ve ark. (1996),
gelismekte olan iilkelerde potansiyel korunan alanlar olarak tanimlanan 18 kritik biyolojik gesitlilik etkin (hotspots)
noktasinda biyolojik {iretim i¢in miimkiin olan maksimum eczacilik degerinin hektar bagina 20 USD oldugunu ve daha
az genetik cesitlilige sahip bolgelerde bu degerin hektar basina 1 USD oldugunu belirtmistir. Bu nedenle biyokoruma
alanlarinin belirlenmesinde proje bazli ilerlemesinde bazi hususlarin géz éniinde bulundurulmasi gerekir. Ornegin
golge fiyatlarin kullanildigi ekonomik analizlerde, secilecek indirgeme orami 6nemlidir. Zira segilecek indirgeme
oraninin yiiksek tutulmasi gelecek kusaklara verilen 6nemin diistikliigiiniin bir gdostergesi olurken; indirgeme oraninin
diisiik tutulmast siirdiiriilebilir kalkinma geregidir.

Gelismekte olan {ilkeler %10-15 araliginda bir sosyal indirgeme orani tercih ederken; gelismis tilkeler %2-5
diizeyinde bir sosyal indirgeme orani tercih etmektedirler (Giirliik, 2016). Bu ¢alismada %35 olarak kabul edilen
indirgeme oran1 degistirilerek simiilasyonlar yapilabilir. Segilecek indirgeme oraninin ne olmasi gerektigi konusu bu
calismanin disinda tutulmustur. Ulkemizde dogal kaynak yonetimine daha ¢agdas bir yonetim anlayist hayata
gecirilmelidir (Geng ve ark., 2007). Oncelikli olarak nitelikli cevresel degerleme galismalari ile meveut dogal kaynak
stoguna en yaklasik degerler ortaya konulmali; kullanim degerleri disindaki degerlerin de dikkate alindigi yonetim
ilkeleri olusturulmalidir. Biyogesitlilik degerlerinin ortaya ¢ikarilmasi, gelecekte olusabilecek rant edinimi ve dogal
koruma alanlar1 olugturulmasiyla ortaya ¢ikacak fayda ve maliyetler belirlenmelidir. Bazi durumlarda dogal kaynagi
kendi haline birakmak ile dogal koruma alani ilan etmek arasinda kararlar verilirken bu ¢alismadaki metodolojik
yaklagimlara ihtiya¢ olabilir. Biyolojik ¢esitliligin de dikkate alindigi dogal kaynak yonetim sisteminde ziraat
mithendisleri, ekologlar, biyologlar, etnobotanistler, saglik politikasindan sorumlu karar vericiler, bahge bitkileri
uzmanlari, hukuk miisavirleri, milli park yonetiminden sorumlu kisiler, farmakologlar, bitki 1slahgilari, bitki patologlart
ve kaynak ekonomistlerinden olusacak bir iist kurula ihtiya¢ oldugu belirtilmigtir \WHO, 1993).

4. Sonug

Biyogesitlilik onemli bir dogal kaynak degeridir. Sundugu hizmetlerin ekonomik degerleri kamusal karar
verme siireglerine dahil edilmelidir. Bursa Uludag Milli Parki’nin dogal kaynak yonetimine katkida bulunacak bu
calismada, biyolojik ¢esitlilik hizmet degerinin diger ¢evresel degerlerin ekonomik analizlerde kullanimi olduk¢a
Onemlidir. Matematiksel biyogesitlilik akis fonksiyonu, sonraki ¢aligmalar i¢in 6nemli bir referans olabilir. Bu
calismada biyogesitlilik icin gelen ziyaretgilerin 6deme istegi ya da biyogesitlilik 6zelinde yapilan ekolojik
ziyaretlerin seyahat maliyeti analizi dikkate alinmamistir. Kosullu degerleme yontemi gibi yaklagimlarla da
biyogesitliligin diger degerleri de ortaya konabilir. Bu degerlerin de eklenmesiyle UMP’nin biyolojik ¢esitlilik
degerleri ve optimum rotasyon yili degiskenlik gosterebilir. Ayrica Bursa gibi kentlesme ve sanayilesmenin hizla
arttigl kent merkezlerinde olusan karbon stogunun ayristirilmasinda 6nemli rolleri olan UMP gibi dogal
kaynaklarm bu hizmeti hangi &lgiide gergeklestirebildikleri, bu g¢alismada kullanilan karbon stogu formiilii
yardimiyla belirlenebilir. UMP’nin ideal karbon ayristirma kapasitesi ile mevcut durum karsilagtirilarak, Bursa
kent merkezinde meydana gelen c¢evresel sorunlarin parasal degeri konusunda bir bakis acist saglanabilir.
Calismada kullanilan Faustmann ve Hartman yontemleri ile pek ¢ok dag-orman ekosistem degerleme ¢alismalarina
151k tutacaktir. Bu tiir alanlarin yillik koruma ve bakim masraflart i¢in ayrilan biit¢elerin belirlenmesinde, asiri
ziyaret¢i alan dogal kaynaklardaki bozulmalarin engellenmesinde, ekosistem alanlarinin tahsis kararlarinin
yeniden gozden gegirilmesinde s6z konusu optimizasyon yontemleri politik karar vericilere farkli bakis agilari
kazandirabilir. Ulkemizde hassas ekosistemlerin bulundugu alanlar net bir sekilde belirlenmeli ve bu tiir alanlarin
yonetimi icin pek ¢ok ilgi grubunun yer aldigi danisma kurullar olusturulabilir. Bu sayede konunun 6énemi daha
iyi anlagilacak ve daha iyi anlatilacaktir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkh Konukcu Bitkilerden izole Edilen Agrobacterium tumefaciens Izolatlarmin
Fenotipik ve Genotipik Karakterizasyonu

Isolation and Identification of Agrobacterium tumefaciens Strains From Different Hosts In
Turkey

Eda GEYLANI YUZBASIOGLU?, Yesim AYSAN?

Ozet

Bu calismada, 2008-2011 yillar1 boyunca 4 farkli ilde 10 farkli konukgu bitkiden tipik ur belirtisi gosteren enfekteli
bitki 6rnekleri toplanmistir. Toplanan enfekteli bitki dokularindan toplam 174 bakteri izolat1 elde edilmistir. Elde
edilen izolatlarin patojenisite testlemeleri havug (Daucus carota L.) dilimi, kalonge (Kalanchoe daigremontiana),
domates (Solanum lycopersicum L.) ve ay¢igegi (Helianthus annus L.) fideleri iizerinde yapilmistir. Patojenisite
testleri sonucunda 414 re-izolat elde edilmis olup, bu izolatlar arasindan 138 re-izolat detayli ¢aligmalarda
kullanilmak tizere secilmistir. Se¢ilmis olan tiim izolatlar klasik ve molekiiler yontemlerin sonuglarina gore
Agrobacterium tumefaciens olarak teshis edilmistir. Test edilen 138 izolat ve 6 referans izolatin tamami kalonse
bitkisi ve havug dilimi {izerinde tipik ur belirtilerine neden olurken, bu izolatlar arasindan 67 izolat domates
bitkisinde, 61 izolat ise ay¢icegi bitkisi iizerinde tipik ur belirtisi olusturamamigtir. Bu tez kapsaminda 3-ketolaktoz
dretimi, % 2’lik NaCl’de biiyime, 35°C’de gelisme, litmus milk’de reaksiyon, eritritol ve melezitozdan asit
olusturma, malonik asit, L-tartarik asit ve mucic asitten alkali olugturma, demir amonyum sitrat kullanimu, sitrat
kullanimi, PDA+CaCO3 besiyerinde asit temizleme, potasyum hidroksit testiyle gram reaksiyon ve oksidaz testi
kullanilmistir Yapilan morfolojik, fizyolojik ve biyokimyasal testlere gore, test edilen izolatlardan 3 tanesi disinda,
izolatlar arasinda 6nemli farklilk gézlenmemistir. Bu izolardaki farklilikta s6zkonusu138 izolat arasindan 48
izolat detayli ¢aligmalar icin secilmis, genetik profilleri REP PCR, ERIC PCR, BOX PCR ve RFLP teknikleri
kullanilarak analiz edilmistir. Bildigimiz kadariyla, seftali, erik, kiraz, armut, trabzon hurmasi, mese ve kalonse
bitkilerinden bu etmenin {ilkemizdeki varlig1 ilk kez bu ¢aligsmayla ortaya konmustur. Elde edilen sonuglar farkl
konukgulardan elde edilen Agrobacterium. tumefaciens izolatlarinin benzerlik ve farkliliklarini ortaya koymustur.
Sonug olarak, 5 ana grupta, 8 farkli kiime ve 26 6zgiin profile sahip 34 genotip belirlenmistir. Izolatlar ile konukgu
bitki ve cografik bolge arasinda iliski kurulamamastir.
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Abstract

During 2008-2011 growing season, 148 infected plant samples, showing tumor (gall) symptom, were collected
from ten different host plants in 4 different province of Turkey. Total of 174 bacterial isolates were obtained from
infected samples. Pathogenicity tests were conducted on carrot (Daucus carota L.) slice, kalonche (Kalanchoe
daigremontiana), tomato (Solanum lycopersicum L.) and sunflower (Helianthus annus L.) seedlings. From
pathogenicity tests, 414 isolates were re-isolated and total of 138 bacterial re-isolates were selected and used in
further studies. All these selected isolates were identified as Agrobacterium tumefaciens according to classical and
molecular identification tests. Although all 138 isolates caused typical galls on kalonche and carrot slices, 67
isolates on tomato and 61 isolates on sunflower seedlings were failed to cause typical gall symptoms. In the study,
3-ketolactose production, growth in 2% NaCl, development at 35°C, reaction in litmus milk, acid formation from
erythritol and hybridis, alkali formation from malonic acid, L-tartaric acid and mucic acid, use of iron ammonium
citrate, use of citrate, acid clearing in PDA+CaCO3 medium, gram reaction with potassium hydroxide test and
oxidase test were used. Apart from three isolates, no major differences were observed among the bacterial isolates
tested according to morphological, physiological and biochemical tests. Among these138 isolates, 48 bacterial
isolates were selected and their genetic profiles were analyzed by using REP PCR, ERIC PCR, BOX PCR and
RFLP techniques. As far as we know, peach, plum, cherry, pear, persimmon, oak and kalonchoe from the plants
in our country, the presence of these factors has been demonstrated in this study for the first time. This study
clearly showed the differences and similarities of the bacterial isolates of Agrobacterium tumefaciens obtained
from different host plants. As a result, 34 genotypes in 5 main group and 8 different clusters, 26 unique profiles
were determined. With isolates of different host plants and geographic areas can be concluded that the relationship
between the genotyped.

Keywords: Agrobacterium tumefaciens, Pathogenicity tests, Specific PCR, Genetic profiling, RFLP
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1. Giris

Tirkiye, 6zellikle baz1 meyve tiirlerinin tiretiminde 6nemli bir konumda bulunmaktadir (Tablol). Kayisi ve
kiraz Uretiminde diinya siralamasinda ilk siradaki yerini uzun yillardir korumaktadir. Diger birgok meyvenin
iiretiminde ise diinya capinda ilk 10 siralamasindadir (Anonim, 2011). Ulkemiz, ¢ok ¢esitli ekolojik dzellikler
bakimindan siis bitkileri yetistiriciligine de son derece uygundur. Aymi zamanda bir¢ok sis bitkisinin gen
kaynagidir. Bu nedenle, kesme ¢icek iiretimi basta olmak iizere, dis mekan siis bitkilerinde yeni tiirlerin tiretimi
ve ihracati iizerinde ¢alisilmaktadir. Giil iiretimi ise 2012 yilinda % 6.1 oraninda artarak siis bitkileri arasinda %
10.4’e ulagmistir (Anonim, 2012).

Tablol. Tiirkiye’de bazi meyve tiirlerinin iiretim miktarlari (Anonim, 2011)
Tablel. Production means of some fruit species in Turkey (Anonim, 2011)

Urin Uretim (Milyon Ton)
Elma 2.680.075

Kayisi 676.138

Seftali 545.902

Kiraz 438.550

Armut 286.382

Erik 268.696

Trabzon hurmasi 28.295

Meyve fidanciliginda ekonomik kayba neden olan bir¢ok hastalik etmeni vardir. Bu hastaliklar i¢inde en
Onemlilerinden biri de kok ve kok bogazi uru hastaligina sebep olan Rhizobium radiobacter (Agrobacterium
tumefaciens, Smith ve Townsend, 1907) adli bakteriyel etmendir (Lippincot ve ark, 1980). Son yillarda
taksonomide meydana gelen degisimlerden Agrobacterium cinsi de etkilenmistir. Bu cins igerisinde yer alan
tiirlerin bir kism1 Rhizobium cinsine dahil edilmistir (Slater ve ark., 2009).

Kok ve kdk bogazi uru hastaligi tim diinyada yaygin olarak goriilmekte ve bir ¢ok iiriinde ekonomik kayiplara
neden olmaktadir. Ozellikle fidanliklarda etkili olan bu hastalik, enfekteli bitkilerin pazarlanabilirligini ortadan
kaldirmaktadir (Lippincott ve ark., 1983). Hastalik etmeni olan Agrobacterium timefaciens, gram negatif, toprak
kokenli bir bakteri olup genellikle dikotiledon, bazen de monokotiledonlarda olmak iizere 93 farkli familyadan
643 konukg¢uda ur olusturabilmektedir. Hastalik etmenin, en yaygin olarak goriildiigii bitki tiirlerinin baginda, kiraz,
seftali, visne, erik gibi sert ¢ekirdekli meyveler; elma, armut gibi yumusak ¢ekirdekli meyveler; ceviz, badem gibi
sert kabuklu meyveler; asma ve ¢esitli siis bitkileri gelmektedir ( Lippincott ve Lippincott, 1975; De Cleene ve De
Ley, 1976).

Ulkemizde hastaligin sert ve yumusak cekirdekli meyve agaglarinda varligi ¢ok uzun yillardan beri
bilinmektedir. Karaca (1977)' nin bildirdigine gére hastalik ilk defa izmir’de seftali, erik ve ayva agaglarinda,
sonra Edirne’de visne, elma ve armut agaglarinda goriilmiistiir. Daha sonra yapilan arastirmalar hastaligin
Tiirkiye’nin hemen her yéresinde mevcut oldugunu ortaya koymustur. Ege Universitesi’nde yapilan bir doktora
calismasinda Oden (1991) Istanbul ve izmir illerinde siis bitkilerinde yaptig1 incelemelerde Chrysanthemum spp.
(Krizantem) ve Rosa spp. (Giil)’da Agrobacterium tumefaciens’in neden oldugu kok bogazi uru hastaliginin
varligint saptamistir. Dogu Akdeniz bolgesinde 2000°1i yillarin baglarinda ise Aysan ve Sahin (2003) tarafindan
gullerde Agrobacterium tumefaciens’in neden oldugu bir hastalik epidemisi rapor edilmistir. Ayni yillarda Aysan
ve ark., (2003) Ninfa ¢esidi kayisilarda (Prunus armeniaca) Agrobacterium tumefaciens’in neden oldugu kok ve
kok bogazi uru hastaligina dikkat ¢ekmis ve Dogu Akdeniz bolgesinde yayildigini bildirmistir. Bozkurt ve Soylu
(2011), Hatay ili elma bahgelerinde kok bogazi uru hastaliginin belirlenmesi ile ilgili bir ¢aligma yapmuslardir.
Ayrica etmenin endofitik ve epifitik bakteriler ile miicadelesi ilgili bir ¢aligmalari da bulunmaktadir (Soylu ve
Bozkurt, 2019).

Gida, Tarim ve Hayvancilik Bakanligi’nin teknik talimatnamesine gore, 2006 yilina kadar Agrobacterium
tumefaciens, toleranst sifir, ok tehlikeli ve hizla yayilan karantina etmenleri arasinda yer almaktaydi (Anonim,
2006). Hastalik etmeni, bu yildan sonra, iilkemizde yaygin olarak bulundugu gerekcesiyle karantina listesinden
¢ikarilmigtir. Agrobacterium vitis ise halen karantina listesinde yer almaktadir (Zirai Karantina Y 6netmeligi, 2009).
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Hastaligin 6zellikle bulagik iiretim materyali ile temiz bolge ve iilkelere tagindigi bilinmektedir. Bu nedenle en
onemli tedbirlerden biri de hastaliksiz {iretim materyali kullanmaktir (Peluso ve ark., 2003). Hastaligin diinyadaki
durumu, yayilis1, konukcu dizini iizerine pek cok calisma yapilmistir. Ulkemizde de hastaligin varligi ve tanisi
iizerine calismalar bulunmaktadir. Ancak, meyve bahgelerinden ve fidan iiretim alanlarindan elde edilen
Agrobacterium tumefaciens izolatlarinin yillara, izole edildigi konukguya, yoreye ve yere (bahge veya fidanlik)
gore molekiiler diizeyde karsilagtirilmasi yapilmamustir.

Hastalik etmeni hem toprak hem de bulasik iiretim materyali ile taginabilmektedir. Bu nedenle hastaligin
inokulum kaynagmin belirlenmesi olduk¢a giic olmaktadir. Hastalik daha cok bahge kosullarinda zarar
olusturdugundan hastahign fidanhklardan geldigi iddia edilmektedir. Ozellikle hastalikla bulasik bu alanlar
nedeniyle bahge sahipleri ve fidan ireticilerinin mahkemelik davalarda karsi karsiya gelmesi sik¢a rastlanilan bir
durumdur. Ancak hem toprak hem de iiretim materyali ile taginan hastalik etmeninin esas inokulum kaynagini
belirlemekte giigliiklerle karsilagilmaktadir. Ayn1 zamanda uzun stiren mahkeme asamalari siiresince hastalikla
bulagik bitkiler iiretim alani igerisinde tutuldugundan Agrobacterium tumefaciens 6zellikle sulama suyu, toprak
taginmasi ile daha genis alanlara yayilabilmektedir.

Bu ¢aligma kapsaminda fidanliklardan izole edilen izolatlarla iiretici bahgesindeki hasta bitkilerden elde edilen
izolatlar arasindaki benzerlik belirlenerek bulagikligin fidandan m1 yoksa bahge topragindan mi kaynaklandig
ortaya konarak mahkemelik davalara faydali olabilmek amag¢lanmistir. Farkli bolgelerden ve farkli konukgulardan
elde edilen izolatlar karsilastirilarak izolatlar ve konukgu bitki arasindaki iligki degerlendirilmistir. Ayrica izolat
elde edilen bolgeler ile izolatlar arasinda farklilik var m1 sorusuna yorum getirilmeye ¢alisilmistir.

2.Materyal ve Metot
2.1. Calisma Materyali

Calismanin ana materyalini Izmir ve Burdur illerindeki fidanlhiklardan, Adana ve Mersin illerinde ticari tiretim
yapilan meyve bahgeleri ve fidan iiretimi ve satiginin yapildig1 yerlerden 10 farkli konuk¢udan toplanan urlu
orneklerden izole edilen 138 adet Agrobacterium tumefaciens izolati ve referans izolatlar olugturmustur. Bunun
disinda ¢esitli kimyasallar, sarf malzeme ve saksilar da materyal olarak kullanilmistir.

Ayrica Cukurova Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii Bakteriyoloji Laboratuvar kiiltiir
koleksiyonunda bulunan erikten izole edilen D9b, elImadan izole edilen Ma4b, kirazdan izole edilen K1e, kayisidan
izole edilen Kal/2b (Aysan ve ark., 2003), gulden izole edilen Gul43 ve Gul55 (Aysan ve Sahin, 2003) kodlu
Agrobacterium tumefaciens izolatlar karsilastirma kiiltiirii olarak kullanilmistir.

Fidanliklardan hasta 6rnek toplamak i¢in topraktan fidanlarin s6kiim zamani olan Subat ay1 tercih edilirken
meyve bahgelerinden hasta 6rnek toplamak i¢in ise urlarin olugsmaya bagladig1 bahar aylarinda ziyaret edilmesi
tercih edilmistir. 2008-2011 yillar1 arasinda, Adana, Mersin ve izmir illerindeki fidanlik, meyve bahgesi ve siis
bitkisi seras1 olmak tizere yaklasik 1000 dekarlik alan ziyaret edilmistir. Fidanliklardan 113, meyve bahgelerinden
20 ve siis bitkisi seralarindan 15 urlu 6rnek olmak iizere toplam 148 hasta bitki toplanmustir (Tablo 2).

Tablo 2. 2008-2011 yillart arasinda farkl illerden toplanan bitki sayilart
Table 2. Plant numbers collected from different provinces between 2008-2011

Toplanan Urlu Bitki Sayis1

Yer Fidanlik Meyve Bahgesi  Siis Bitkisi Uretim Yeri  Toplam
izmir 72 - - 72
Adana 37 16 15 68
Mersin - 4 - 4
Burdur 4 - - 4
Toplam 113 20 15 148

2.2. Agrobacterium tumefaciens’ in izolasyonu ve Tamsi

Bu c¢alismada, araziden toplanan ve laboratuvarimiza posta yoluyla gonderilen 148 adet urlu drnekten, ur
belirtisi gdstermeyen trabzon hurmasi, kiraz ve kayisi koklerinden genel bakteriyolojik yontemlere gore
izolasyonlar yapilmistir (Moore ve ark., 2001). Urlardan izolasyonlarda {i¢ farkli besi yeri (King B, PDA ve 1A)
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kullanilmistir. Agirlikl olarak kdk ve govde kisimlarinda meydana gelen urlardan izolasyon &rnekleri alinirken,
heniiz kuruma belirtisi gostermeyen taze, krem rengi ve aktif olan urlar secilmistir. Urlu 6rnekler st kismi
soyularak alttaki canli kisimlardan kiiglik pargalar alinmistir. Altta kalan kisimda yer yer kivrilmalar oldugu ve
bunlarin tek bir odak noktasinin bulundugu gézlenmis, bu beyaz renkli noktalara izolasyon materyali olarak
kullanilmistir. Urlu bitkilerin yani sira ur belirtisi gostermeyen trabzon hurmasi, kiraz ve kayis1 drnekleri de
almarak izolasyon yapilmistir. Urlu bitkilerde de oldugu gibi, iist kabuk dokusu kaldirildiginda altta kalan dokunun
kivrilarak yuvarlak sekil aldigi goriilmis, bisturi ile bu kisimlar alinip izolasyonda kullanmilmistir. Urlardan
izolasyonlarda ti¢ farkli besi yeri ,King B (Horuz ve Aysan, 2018), PDA ve 1A kullanilmistir (Moore ve ark.,
2001).

2.3. Patojenite Testleri ve Re-Izolasyonlar

Urlu 6rneklerden ve hastalik belirtisi géstermeyen dokulardan izole edilen bakterilerin patojenite yetenekleri
domates (Solanum lycopersicum L.), kalonse (Kalonchoe daigramontiana), aycigegi (Helianthus annus) fideleri
ve havug (Daucus carota) dilimlerinde testlenmistir (Moore ve ark., 2001).Inokule edilen bitkiler iklim odasinda
(25°C ve 16 saat 151k ve 8 saat karanlik) 21 giin inkiibe edildikten sonra ur varligi/yoklugu yoéniinden
degerlendirilmistir (Minnemeyer ve ark., 1991). Ur olusumu gozlenen bitkilerden yeniden izolasyon yapilarak re-
izolatlar elde edilmis ve Koch Postulatlarinin asamalari tamamlanmustir. Havug dilimlerinde patojenite
caligmalarinda, King B besiyerinde 25 °C’de 2 giin gelistirilmis bakteri kiiltiirii steril kiirdanla havug dilimlerinin
yiizeyine inokule edilmistir. Steril suyla nemlendirilmis petriler 25 °C’de inkubasyona birakilmig olup araliklarla
petrilere steril kagitlar nemli kalacak sekilde steril saf su eklenmistir. Petriler inokulasyondan 2 hafta sonra ur
varligi/yokluguna gore degerlendirme yapilmustir.

2.4. Agrobacterium tumefaciens’ in Klasik Yontemlerle Tanist

Hastalik belirtisi gostermeyen hurma, kiraz, kayisi1 fidanlarindan ve 148 urlu bitkiden izole edilen 138
Agrobacterium izolatinin klasik yontemlerle tanisi yapilmistir. Sonuglari degerlendirmek igin daha 6nceden
Agrobacterium tumefaciens olarak tanilanmus alt1 referans izolat da kullanilmistir. Kullanilan testler; 3-ketolaktoz
dretimi, % 2’lik NaCl’de biiylime, 35°C’de gelisme, litmus milk’de reaksiyon, eritritol ve melezitozdan asit
olusturma, malonik asit, L-tartarik asit ve mucic asitten alkali olugturma, demir amonyum sitrat kullanim, sitrat
kullanimi, PDA+CaCO3 besiyerinde asit temizleme, potasyum hidroksit testiyle gram reaksiyon ve oksidaz testidir
(Moore ve ark., 2001).

2.5. Agrobacterium tumefaciens’e Spesifik PCR (Polimerase Chain Reaction) ile Izolatlarin Molekiiler
Tanisi

Agrobacterium tumefaciens izolatlarinin DNA izolasyonu De Boer ve Ward (1995)’a gore yapilmistir. Daha
sonra % 1’lik agaroz jel elektroforez ile total genomik DNA varlig1 kontrol edilmistir. izole edilen DNA’lar -
20°C’de muhafaza edilmistir. 6 farkli primer seti segilen 36 izolat i¢in kullanilmistir (Tablo 3).

Tablo 3. Agrobacterium tumefaciens’e spesifik PCR primerleri
Table 3. PCR primers specific to Agrobacterium tumefaciens

Primerler DNA Bant Biiyiikliigii Kaynak
(bp)
Tms2a: 5’-CGCCACACAGGGCTGGGGTAGGC-3’ Pulawska ve
Sobiczewski, 2005
Tms2b: ’GGAGCAGTGCCGGGTGCCTCGGGA-3’ 220
VirAl: 5>-TTCAGTCGCGCAAGC AGT T-3’ 480 Eastwell ve
rk.,1
VirA2: 5>-CGGCAATTCGTATCACGGA -3’ ark., 1995
Widel: 5°-AAG TCG TCG AGATAC TGT TT -3’ Dong ve ark., 1992
Wide2: 5°-TAT GAT ACC TTA AGC AGA TG -3’ 180

PCR tiipline DNA toplam hacmi 25 pl olan reaksiyon karisimi olarak eklenmistir (Sawada ve ark., 1995).
Primerleri dizayn eden arastiricilar tarafindan belirlenen ve spesifik PCR programlar kullanilarak
amplifikasyonlar ger¢eklestirilmistir. Elde edilen PCR iiriinlerinden jel elektroforezi yapilmigtir (Pionnat ve ark.,
1999). Marker olarak 100 bp’lik ve 1 kb’lik DNA isaretleyicileri kullanilmistir. Son asamada jel oda sicakliginda
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etidyum bromid ile boyanmig ve UV-transliminatérde goriintiilenmistir. Agrobacterium tumefaciens’e spesifik
primerlerle yapilan PCR ¢alismalar {i¢ kez tekrarlanarak bantlarin tekrarlanabilir oldugu ortaya konmustur.

2.6. Izolatlarin Genotipik Akrabalik Seviyelerinin Belirlenmesi

Agrobacterium tumefaciens izolatlar1 arasindaki genotipik akrabaligi aragtiirken REP-PCR (Repetitive
Extragenic Palindromic-PCR), ERIC-PCR (Enterobacterial Repetitive Intergenic Consensus-PCR), BOX-PCR
(Box Element-PCR) ve PCR-RFLP (Restriction Fragment Length Polymorphism) yontemlerinden faydalanilmistir.
On farkli konukgudan, dort farkli ilden, 2006-2011 yillarinda, 23 meyve bahgesinden, 22’si fidanliktan, tigl gil
iiretim serasindan izole edilen ve klasik testlerde farklilik gdsteren 48 izolat segilerek kullanilmigtir

REP-PCR primeri olarak REP 1R: 5’-1I1ICGICGICATCIGGC-3’ve REP 2I: 5’-ICGICTTATCIGGCCTAC-3’
primer ¢ifti, ERIC-PCR primeri olarak ERIC IR: 5’-ATGTAAGCTCCTGGGGATTCAC-3’, ERIC 2: 5’-
AAGTAATGACTGGGGTGAGCG-3’primer  ¢ifti ve BOX-PCR primeri olarak BOX AlR 5’-
CTACGGCAAGGCGACGCTGACG-3’ kullanilmigtir (Versalovic ve ark, 1994).

REP , ERIC-PCR ve BOX-PCR’da PCR tiipiine hacmi 25 pl olan reaksiyon karisimi olarak eklenmistir. BOX-
PCR’da ise PCR tiipiine (Rademaker ve Brujin, 1997). Tiiplerin {izerine 10 pl mineral yag eklenerek tiipiin agzi
sikica kapatilarak thermal cycler cihazina yerlestirilmistir.

ERIC ve BOX-PCR programlari Rademaker ve Brujin (1997)’e gore REP-PCR programi Nielsen ve ark.,
(2008)’a gore amplifikasyonlar gergeklestirilmistir. Elde edilen PCR urlnlerinden % 2’lik agaroz jele yiiklenmis
ve elektroforezde 100 volt akimda {i¢ saat jel yiiriitiilmiistiir (Pionnnat ve ark., 1999). Marker olarak 100 bp’lik ve
1 kb’lik DNA isaretleyicileri kullanilmistir. Son agsamada jel oda sicakliginda etidyum bromid ile boyanmig ve
UV-transliminatorde goriintiilenmistir. ERIC-PCR, REP-PCR, BOX-PCR c¢alismalar1 ii¢ kez tekrarlanarak
bantlarin tekrarlanabilir oldugu ortaya konmustur.

2.7. RFLP (Restriction Fragment Length Polymorphizm)

Bu yontemde saf olarak ¢ogaltilmis bakteri kiiltiirlerinden izole edilen DNA’larin restriiksiyon endoniikleaz
enzimleri ile kesilip agaroz jel elektroforez ortaminda ayristirildiktan sonra elde edilen farkli uzunluktaki DNA
pargaciklarinin olusturdugu bantlarin analizine gore yapilmistir. Metot, iki asamada gergeklestirilmistir: Birinci
asamada, oncelikle FGPS6: 5’-GGAGAGTTAGATCTTGGCTCAG-3’ FGPS1509°: 5’-
AAGGAGGGGATCCAGCCGCA-3 primerleri ile izolatlarin PCR’1 yapilmustir. Tkinci asamada, elde edilen PCR
trind Oger ve ark., (1998)’nin 6nerdigi Hpa Il, Alu I, Hae Il enzimleri ile kesilerek izolatlar aras1 farklilik ve
benzerlikler ortaya konmaya ¢aligilmustir.

Oger ve ark., 1998’e¢ gore hazirlanan ve PCR karisimi ve programi kullanilarak amplifikasyonlar
gerceklestirilmistir. Elde edilen 10-12 ul PCR fdiriinleri 1X TAE tamponla hazirlanmis % 2’lik agaroz jel
elektroforezde 100 volt akimda ii¢ saat yiiriitiilmistiir (Pionnat ve ark., 1999). Marker olarak 100 bp’lik ve 1 kb’lik
DNA isaretleyicileri kullanilmigtir. Son asamada tanktan dikkatlice alinan jel oda sicakliginda etidyum bromid ile
boyanmis ve UV-transliminatdrde gériintiilenmistir.

Bir sonraki asama olan PCR {iriinlerinin enzimle kesilmesi icin, reaksiyon karigimlar1 Oger ve ark., 1998’e
gore hazirlanmistir. PCR tiipiine toplam hacmi 15 pl olan reaksiyon karisimi olarak eklenmis ve thermal cycler
cihazina yerlestirilmistir. Uretici firmanin 6nerileri dogrultunda Alu | ve Hpa Il (Fermantas) enzimleri iceren PCR
tipleri, 1 saat, Hae Ill (Fermantas-Fast Digest) iceren PCR tupleri ise 5 dk 37 °C’de thermal cycler cihazinda
inkiibasyona birakilmstir.

Elde edilen enzimle kesilmis PCR iiriinlerinden 10-12 pl alinip 1X TAE tamponla hazirlanmis % 2’lik agaroz
jel elektroforezde 100 volt akimda ii¢ saat yiiriitiilmiistiir (Pionnat ve ark., 1999). Marker olarak 100 bp’lik ve 1
kb’lik DNA isaretleyicileri kullanilmigtir. Son asamada jel oda sicakliginda etidyum bromid ile boyanmis ve
bdylece secilen 48 izolat igin bantlar UV-transliminatérde goriintiilenmistir.

2.8. Genotipik Akrabalik Seviye Belirleme Analizlerinin Degerlendirilmesi ve Dendogram Olusturulmasi

REP-PCR, ERIC-PCR, BOX-PCR ve PCR-RFLP yontemleri sonucu 48 izolat i¢in elde edilen bant profilleri
ile SPSS Cluster analizine gore dendogram olusturulmustur. Dendogramda yer alan ve en az iki izolatin
olusturdugu filogenetik topluluk kiime olarak tanimlanmistir. Dendogram iginde diger izolatlar ile iliskisiz bireysel
profilleri olan izolatlar ise terminolojiye gore 6zgii profil olarak adlandirilmigtir. Dendogramdaki kiime sayis1 ve
Ozgii profilin toplam1 genotip sayist olarak ifade edilmistir. Dendogramda yer alan izolatlar arasindaki benzerlik
iligkisi Tenover ve ark., (1997) na gore yapilmistir.
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3. Arastirma Sonuclari ve Tartisma

Yapilan ¢alismada, biyokimyasal testler ve patojenite test sonuclarina gore, 2008-2011 yillar1 arasinda Adana,
Mersin, Burdur ve Izmir illerinden toplanan on farkli konukcudan (erik, seftali, kiraz, kayis1, elma, trabzon hurmast,
armut, giil, mese, kalonge) 174 adet bakteri izolat1 elde edilmis ve 138 izolatin patojen oldugu belirlenmistir (Tablo
4).

Tablo 4. Patojen olarak belirlenen Agrobacterium tumefaciens izolatlarimn illere ve konukculara gore
dagilim
Table 4. Provinces and hosts of pathogenic Agrobacterium tumefaciens sytains

Yer Izolat Sayis1  Konukgu

[zmir 78 Erik, kayis, kiraz, elma, armut

Adana 54 Erik, kayisi, kiraz, seftali, armut, trabzon
hurmasi, kalonse, mese, giil

Mersin 4 Kayisi, seftali

Burdur 4 Trabzon hurmasi, seftali

Toplam 138

Caligmada kullanilan 138 adet re-izolatin tiimii biyokimyasal testlerde karsilastirma amagli kullanilan alt1
referans kiiltiir de benzer reaksiyonlar vermistir. Sadece PDA+CaCOs besi yerinde dort izolatin (Bad.17, Bad.25,
Alal, Ala2 kodlu izolatlar) asit temizleme yetenegi pozitif oldugu belirlenmistir. Sonu¢ olarak morfolojik,
fizyolojik ve biyokimyasal test sonuglaria gore tiim izolatlar Agrobacterium tumefaciens olarak tanilanmugtir.

Sézkonusu 138 Agrobacterium tumefaciens izolatin ve 6 referans izolatin DNA’s1 izole edilmis ve % 1°lik
agoroz jel elektroforezde yiiriitiilerek total genomik DNA varlig: tespit edilen bantlarla saptanmustir.

Agrobacterium izolatlarimin tiire spesifik primerlerle yapilan molekiiler tanisinda, tiim izolatlar1 taniyan tek bir
primer seti mevcut degildir. Bu nedenle 3 farkli primer seti kullanmigtir. Agrobacterium tumefaciens’e spesifik
PCR testlerinde Tms2a-Tms2b, VirAl-VirA2 ve Widel-Wide2 primer ¢iftlerinin kullaniminin uygun oldugu
saptanmigtir (Sekil 1).

a b c
Figure 1. Bands in PCR study with Tms2a and Tms2b(a), VirAl and VirA2(b), Widel and Wide2(c) primers
Sekil 1. Tms2a ve Tms2b(a), VirAIl ve VirA2(b), Widel ve Wide2(c) primerleriyle yapilan PCR ¢alismast
sonucunda ortaya ¢tkan bantlar

Tms2a-Tms2b primerleri kullanilarak 123 izolat 220 bp’lik bant, VirA1-VirA2 primerleri kullanilarak 124
izolat 480 bp’lik ve Wide1-Wide2 primerleri kullanilarak 135 izolat 180 bp’lik bant olusturmustur. Widel-Wide2
primerleri izolatlarimizin % 94’iini tanirken, VirA1-VirA2 primerleri izolatlarimizin % 86’sin1, Tms2a-Tms2b
primerleri izolatlarimizin % 85’ini tanimigtir. Bizim ¢alismamizda bu {i¢ primer seti i¢inden en basarili olanin
Widel-Wide2 primer seti oldugu saptanmigtir.

Segilen primerlerle 144 izolatin PCR’1 3 kez pozitif sonu¢ alinacak sekilde yapilarak jel goriintiilemede
goriintiilenmigtir. Ancak tiim primerler tim izolatlarda amplifikasyon gostermemistir. Toplamda 144
Agrobacterium izolatinin 101 tanesi ii¢ primer ¢iftiyle yapilan PCR’da pozitif sonug verirken 36 izolat iki farkl
primer c¢iftiyle yapilan PCR’da pozitif sonug vermistir. Sadece yedi izolatimiz tek bir primer ¢iftiyle yapilan
PCR’da bant olusturmustur. Bu sonuca gore, 2008-2011 yillar1 arasinda Adana, Mersin, Burdur ve Izmir illerinden
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toplanan on farkli konuk¢udan izole edilen 138 adet izolat ve 6 referans kiiltiiriin spesifik PCR testi ile tanisi
desteklenerek Agrobacterium tumefaciens olduklari teyit edilmistir.

Tiim izolatlar arsindan segilen 48 adet Agrobacterium tumefaciens izolatlariyla yapilan REP-PCR (Sekil 2),
ERIC-PCR (Sekil 3), BOX-PCR (Sekil 4) ve PCR-RFLP’de (Sekil 5) agaroz jelde farkli bantlarin olugturdugu
polimorfizm belirlenmistir. Bu ¢aligmada kullanilan primerler bakterilerin genomik DNA’lar iizerinde farkli
bolgelere baglanarak amplifiye olmus ve agaroz jelde farkli biiyiikliikkte bant olusumuna neden olmustur.

M1 2 3 4 56678 9101112 1314156P M

Figure 2. Bands in REP-PCR genetic profiling technique
Sekil 2. REP-PCR genetik profilleme teknigi ile olugan bantlar

21 22 23 24 25262728 2930 3132 33 3435 36 37 383940 M
.

Figure 3. Bands in ERIC-PCR genetic profiling technique
Sekil 3. ERIC-PCR genetik profilleme teknigi ile olusan bantlar

M1 2 4 111416 18 24 2526 28 31 40414344 46N M

10 kb

Figure 4. Bands formed by BOX-PCR genetic profiling technique
Sekil 4. BOX-PCR genetik profilleme teknigi ile olusan bantlar

M1 2 345 6 7 8 910111213 14 15161718 P N M
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Figure 5. Bands formed by PCR-RFLP genetic profiling technique
Sekil 5. PCR-RFLP genetik profilleme teknigi ile olugan bantlar

Genotipik karakterizasyonun saglikli ve kesin olabilmesi igin tiim genotipik analizlerin verileriyle meydana
gelen dendogramin incelenip yorumlanmasi gerekmektedir. Genotipik olarak birbirine en yakin akraba olan iki
izolat (C-1 ve C-2) birbirine % 97.54 oraninda benzerlik gosterirken aralarindaki farklilik % 2.46 oranindadir.
Birbirine en uzak izolatlar bile % 96.4 oraninda birbirine benzerlik gdostermistir. Bu bilyiik benzerlik orani tiim
izolatlarin ayni tiir oldugunun da gostergesidir.

Dendogramda toplamda 8 kiime, 26 6zgii profil olmak iizere 34 genotip ortaya ¢ikmistir. Dendogramin
kiimelesme orani yani kiime igindeki izolat sayisinin toplam izolat sayisina orami 22/48 8 (0.458)’dir.
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Dendogramda yer alan en blyik kime yedi en kiigik kime ise iki izolattan olusmaktadir. Dendogramda yer alan
kiimeler ve 6zgu profiller Sekil 6°da verilmistir.
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Figure 6. Dendogram formed by isolates of Agrobacterium tumefaciens in all molecular tests

Sekil 6. Tum molekiler testlerde Agrobacterium tumefaciens izolatlarinin olusturdugu dendogram

Bu bulgular incelendiginde; ayn1 il, kdy veya bah¢eden alinan 6rneklerin dendogramin farkli boliimlerinde yer
alabildigi, ¢ok farkli yerlerden alinan 6rneklerin ise ayni alt grup veya ayni kiimede olabilecegi saptanmustir.
Ozellikle ayni kiimede bulunan izolatlar birbirine son derece yakin akraba olan ayni inokulum kaynagindan
bulagmis ve yayilmis 6rnekler olarak degerlendirilebilir. Fakat tiim kayisi veya seftali izolatlar1 bir kiimede veya
bir alt grupta toplanmamustir. Bu nedenle izolatlar-konukgu bazinda bir iligski olmadigi belirlenmistir.

Dendogramda iki ana grup ve bunlardan farkli olarak {i¢ izolatin bulundugu ti¢ 6zgii profil goriilmektedir. Bu
ozgii profillerin elde edildigi yer incelendiginde biri Mersin (C-8) ve diger ikisi Izmir ilinden (C-9 ve C-21) izole
edilen izolatlardir. Bunlarin farkl bir inokulum kaynagidan yayilmis olabilecegi diistiniilmiistiir.

Birinci ana grupta yer alan tek alt grupta bulunan dokuz izolatin altist Adana’dan {i¢ii izmirden izole edilmistir
(Tablo 5).

Ikinci ana grupta iki farkli alt grubun yer almasi iki farkli inokulum kaynag: olabilecegi diisiincesini akla
getirmektedir. Benzer sekilde, ikinci ana grubun ikinci alt grubunda yer alan 14 izolatin 11’1 Adana’dan, ikisi
Mersin ve biri Izmir’den elde edilmistir. Bu izolatlarin dokuzu bahgeden besinin fidanliktan izole edilmis olmasi
fidanlik-bahge arasindaki bulagmay1 gostermektedir.

Boylece toprak kdkenli olan bu etmen fidanlik topragina bulastiktan sonra o toprakta yetistirilen tiim bitkilere
(farkli tiir veya cesitlere) kolaylikla bulagabilmekte ve farkli bolgelere yapilan fidan ticaretiyle yeni alanlara
inokulum tasmabilmektedir. Bu durum ¢ok uzun yillardir bilinmesine ragmen bu c¢alismada hastaligin bulagik
fidanlarla yeni alanlara geldigi iddias1 molekiiler testlerle kanitlanmistir.
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Tablo 5. Genotipik karakterizasyona gore olusturulan dendogramda yer alan kiimeler ve bu kiimelere dahil

olan 6zgu profiller

Table 5 Clusters in the dendogram formed according to genotypic characterization and specific profiles

included in these clusters

Kiime Numarasi Ana kol

izolat sayis1

Kumeye dahil olan izolatlar

Ozgii profil 1.0Olas1 inokulum kaynagi 1 Mersin, Bahge, Kayist (C-8)
Ozgu profil 2.0las1 inokulum kaynag: 1 Izmir, Fidanlik, Elma (C-9)
Ozgu profil 3.0Olas1 inokulum kaynag: 1 [zmir, Fidanlik, Kayisi (C-21)
1. Ana Grup (4. inokulum kaynagr)
" [zmir, Fidanlik, Seftali (C-13),
1. Kome 2 izmir, Fidanlik, Giil (C-14)
N Izmir, Fidanlik, Elma (C-10),
2. Kiime 2 Adana, Fidanlik, Kiraz( (C-2)9)
Ozgu profil 1 Adana, Bahge, Erik (C-5)
Ozgii profil 1 Adana, Bahce, Erik (C-16)
Ozgii profil 1 Adana, Bahge, Erik (C-26)
Ozgii profil 1 Adana, Bahge, Armut (C-27)
Ozgii profil 1 Adana, Bahce, Armut (C-28)
2. Ana Grup (5. Inokulum kaynag)
N Adana, Sera, Gil (C-44)
1. Kome 2 Adana, Sera, Gl (C-45)
. Adana, Fidanlik, Erik (C-31)
2. Kume 2 Adana, Bahce, Erik (C-47)
. Adana, Sera, Gl (C-18)
3. Kime 2 Izmir, Fidanlk, Erik (C-19)
Adana, Bahce, Erik (C-6)
Adana, Bahge, Kalonge (C-7)
Izmir, Fidanlik, Armut (C-22)
4. Kiime 7 [zmir, Fidanlk, Kiraz (C-23)
[zmir, Fidanhk, Kiraz (C-24)
1. Alt Grup Adana, Bahge, Seftali (C-37)
Burdur, Fidanlik, Seftali (C-39)
Ozgii profil 1 [zmir, Fidanlk, Elma (C-11)
Ozgii profil 1 Adana, Bahge, Erik (C-15)
Ozgu profil 1 [zmir, Fidanlik, Erik (C-20)
Ozgu profil 1 Adana, Fidanlik, Erik (C-30)
Ozgii profil 1 Adana, Fidanlik, Kayis1 (C-38)
Ozgii profil 1 Burdur, Fidanlik, Hurma (C-40)
Ozgii profil 1 Mersin, Bahge, Erik (C-41)
Ozgii profil 1 Adana, Bahce, Kiraz (C-42)
Ozgii profil 1 Adana, Bahce, Elma (C-43)
. Adana, Bahge, Seftali (C-1)
1. Klme 2 Mersin, Bahge, Seftali (C-2)
Adana, Fidanlik, Hurma (C-32)
2. Kiime 3 Adana, Fidanlik, Hurma (C-33)
Adana, Bahge, Seftali (C-32)
Ozgii profil 1 Adana, Bahce, Erik (C-3)
Ozgii profil 1 Adana, Bahge, Erik (C-4)
2. Alt Grup Ozgii profil 1 [zmir, Fidanlik, Elma (C-12)
Ozgii profil 1 Adana, Bahge, Erik (C-17)
Ozgii profil 1 Adana, Bahge, Erik (C-25)
Ozgu profil 1 Adana, Fidanlik, Kiraz (C-35)
Ozgii profil 1 Adana, Bahce, Mese (C-36)
Ozgii profil 1 Mersin, Bahge, Kayis1 (C-46)
Ozgii profil 1 Adana, Fidanlik, Kiraz (C-48)
TOPLAM 34 Genotip
4.Sonug

Cok sayida farkli konukcuda ur olusturabilen, kendine 6zgii hastalik olusturma mekanizmasi nedeniyle
izolasyonu diger bakteriyel etmenlerden daha zor olan Agrobacterium tumefaciens bakterisinin dort farkli ilden
(Adana, Burdur, Izmir ve Mersin) toplanan urlu bitkilerden izolasyonu, patojenitesi, klasik bakteriyolojik teknikler
ve molekiiler tanisiyla izolatlar arasindaki genotipik iligskinin ortaya konmasi amaciyla bu ¢alisma yapilmustir.
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Calisma sonucunda elde edilen izolatlar 13 farkli biyokimyasal ve fizyolojik teste tabi tutulmus olup sadece
PDA+CaCO3 besi yerinde asit temizleme testinde izolatlar arasinda farklilik goriilmiistiir. Bolge izolatlar1 ve
karsilastirma kiiltlirlerini igeren tiim izolatlar arasinda sadece ii¢ izolat bu besi yerinde asit olusturmustur.
Morfolojik olarak farkli goriilen bir ¢ok izolatin ise biyokimyasal ve fizyolojik testlerde farklilik gostermedigi
belirlenmistir. Sonucglar referans izolatlarin sonuglariyla da karsilastirilmis ve birbiriyle uyumlu oldugu
gozlenmistir.

Izolatlarin patojenitesi domates (Solanum lycopersicum L.), kalonse (Kalonchoe daigremontiana), aycicegi
(Helianthus annus) fidelerinde ve havug (Daucus carota) dilimlerinde testlenmistir. Referans izolatlarda dahil
olmak iizere izolatlarin tamami havug ve kalonse fidelerinde ur olustururken bu say1 aygicegi fidelerinde 83,
domates fidelerinde ise 77’dir. Patojenite ¢aligmalariyla tiim izolatlarin ur olusturabildigi saptanmistir. Bu durum
konukgcular arasinda patojenite acisindan farklar oldugunun gostergesidir. Ozellikle taze urlardan elde edilen
izolatlar 2 haftada ur olusturmaya baglamigken urlarin gelisim hizi da digerlerine oranla daha fazladir. Bazi
izolatlarin ise 2 ayda ¢ok kiiciik urlar olusturabildigi saptanmistir. En basarili sonu¢lar havug dilimleri ve kalonge
bitkilerinde goézlenmistir.

Caligmanin molekiiler testlerle ilgili kisminda 144 izolatin Agrobacterium cinsine (VirAl-VirA2 ve Widel-
Wide2 primer ciftleri) ve Agrobacterium tumefaciens’e (tms2a-tms2b primer ¢ifti) spesifik PCR’1 yapilmugtir.
Baslangigta kullanilan alt1 ¢ift primerden {igiinde beklenen bantlar olugsmamis ve basarili olan ii¢ primer ¢iftinin
kullanimina karar verilmistir. Ancak bu {i¢ primer de baz1 izolatlarla amplifikasyon géstermemistir.

Calismada tiim izolatlar i¢inde 123 adedi tiimor biyiikliiglinii diizenleyen genlerle kontrol edilen, Ti-
plazmiddeki T-DNA bdlgesinindeki tms bolgesini  taniyan  Agrobacterium  tumefaciens’i  diger
Agrobacterium’lardan kesin olarak ayiran tms2a ve tms2b primerleri ile bant olusturmustur. Ti-plazmidin
ribozomal kisminda yer alan ve virulenslik genlerinden VirA ile kontrol edilen 16S ve 23S rDNA bdlgelerini ve
bu bolgeler arasinda kalan intergenik bdlgeyi tantyan VirAl ve VirA2 primerleri ile yapilan PCR’da 124 izolat
bant olusturmustur. Ti ve Ri plazmidlere 6zgii Widel ve Wide2 primerleriyle ise 135 izolat bant olusturmustur.
Boylece klasik test sonuglari desteklenmistir. Ek olarak Agrobacterium tumefaciens ile yapilan PCR
calismalarinda en iyi sonucu veren primerlerin Ti-plazmide 6zgii primerler oldugu, kromozomal DNA’ya 6zgii
PCR primerlerinin Rhizobium’larla Agrobacterium’lar arasindaki farki kagirabilecegi tespit edilmistir. Ayrica
calismada kullanilan PCR primerleri opin tiplerini belirlemede yeterli olmamuistir.

Izolatlar arasinda secim yapilmis ve 48 izolat secilerek, sadece bakterilerde kullanilan genotipik profilleme
teknikleri olan PCR-RFLP, Rep-PCR, Eric-PCR ve Box-PCR metodlarma tabi tutulmustur. Temel prensipleri ayni
olan, program ve primerlerde farklilik gdsteren bu ii¢ testin dendogramlari ayr1 ayri yapilmis ve daha sonra tek bir
dendogram haline getirilerek yorumlanmistir. Bu testleri uygulama agsamasinda Rep-PCR’in izolatlari
kiimelemede en etkili teknik oldugu diistiniilmiistiir. Bu testlerin ardindan PCR-RFLP analizi uygulanmis olup
burada amag belli gruplara ayrilan izolatlarin restriksiyon enzimleri olan Hpa Il, Alu I, Hae 11l ile kesilerek farkli
yerlerde amplifikasyon elde edilmesiyle izolatlarin ¢ok daha fazla sayida alt gruba ayrilmasidir ancak bu
enzimlerle yapilan uygulama ¢ok etkili olamamustir.

Bu ¢alisma kapsaminda farkli konukgulardan elde edilen izolatlarin birbirine olan genotipik akrabaliklari ile
hastaligin bir konuk¢udan digerine ge¢is olasiliklar1 yani izolatlar ve konukcu arasindaki iligki ortaya konmustur.
Tiim dendogram sonuglari birlikte yorumlanacak olursa; Farkli yillarda, farkli konukgulardan ve farkli illerden
alinan drneklerden izole edilen bakterilerin ayni grup hatta, ayni alt grupta yer aldig1 yani genetik olarak benzerlik
gosterdikleri saptanmistir. Bununla birlikte, ayni bahgeden alinan 6rneklerden elde edilen iki izolatin farkli
gruplarda yer aldig1 belirlenmistir. Bu 6rnekler bize hastaligin, bu kadar farkli bolgelerden illere yayilmasinin
ancak bulasik fidan ile tasinmayla miimkiin olabildigini bir kez daha gostermistir.
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Bu galisma doktora tezinden hazirlanmis olup Cukurova Univ. Bap tarafindan ZF2009D22 numarali proje ile
desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Infrared Drying Kinetics and Color Qualities of Organic and Conventional Sweet Red
Peppers

Organik ve Konvansiyonel Tath Kirmiz1 Biberlerin Kizil6tesi Kurutma Kinetigi ve Renk
Kalitesi

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

This study compares the infrared drying Kinetics, effective moisture diffusivity, activation energy and color
qualities of organically and conventionally produced sweet red peppers (Capsicum annum L.) dried at three
different temperatures (60, 70 and 80°C). Results showed that the entire drying process for both organic and
conventional sweet red peppers took place mainly in falling rate period. Increasing the drying temperature
decreased the drying time considerably. No significant difference was found between the drying times of organic
and conventional red peppers. The Midilli model yielded the best fit for all data points for organic and conventional
peppers. The drying coefficient of the Midilli model increased with the increase in the drying temperature. The
effective moisture diffusivity and activation energy values of organic pepper samples were found slightly higher
than those of the conventional samples. This result was found to be compatible with the drying coefficient of
Midilli model and characteristic drying rate curves. Higher drying temperatures resulted in brighter red pepper
powder color which is more preferable by consumers. Infrared drying at 60°C for organic pepper samples produced
the best pepper powders in terms of color quality. Moreover, infrared drying at 60°C and 70°C was also judged as
the acceptable drying applications in terms of color quality since they gave the nearest redness to yellowness ratios
and higher brightness values as compared to the color of fresh peppers. Overall, infrared drying at 70°C instead of
60°C resulted in about 22% savings in drying time and can be used to produce high quality organic or conventional
sweet red pepper powder with better color quality.

Keywords: Red pepper, Infrared drying, Organic food, Moisture diffusivity, Activation energy, Color quality
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Ozet

Bu calismada, ti¢ farkli sicaklikta (60, 70 ve 80°C) kurutulan organik ve geleneksel olarak iiretilen tatli kirmizi
biberlerin (Capsicum annum L.) kizilétesi kurutma kinetikleri, efektif nem difiizyonu, aktivasyon enerjisi ve renk
kaliteleri karsilastirilmistir. Arastirma sonucunda, organik ve geleneksel tatl kirmizi biberlerin kizilétesi kurutma
surecinin tamamiin temel olarak azalan hizli kurutma periyodunda meydana geldigi saptanmistir. Kurutma
sicakligindaki artiga bagli olarak iiriin kuruma siiresi 6nemli élgude kisalmistir. Organik ve geleneksel kirmizi
biberlerin kurutma siireleri arasinda anlamli bir fark bulunmamigtir. Organik ve konvansiyonel biberlerin kuruma
davranigina iliskin tiim verilerin matematiksel olarak ifade edilmesinde Midilli modelinin in iyi sonuglar1 veren
model oldugu belirlenmistir. Midilli modelinin kurutma katsayisinin kurutma sicakligindaki artisa baglh olarak
arttigi saptanmistir. Organik biber 6rneklerinin efektif nem difizyonu ve aktivasyon enerjisi degerlerinin
geleneksel biber 6rneklerine ait degerlerden biraz daha yilksek oldugu belirlenmistir. Bu sonucun Midilli
modelinin kurutma katsayis1 ve karakteristik kurutma hizi egrileri ile uyum iginde oldugu saptanmustir. Yiiksek
sicakliklarda kizil6tesi kurutma ile tiiketiciler tarafindan daha ¢ok tercih edilen, daha parlak renkte toz kirmizi
biberler iiretilebilecegi belirlenmistir. Organik biber drnekleri icin 60°C'de kizil6tesi kurutma uygulamast ile {irlin
renk kalitesi bakimindan en iyi kirmizi toz biberlerin {retilebilecegi saptanmistir. Ayrica, taze kirmizi biberlerin
rengine en yakin renk kirmizilig1 oranlarina ve taze kirmizi biberlerden daha yiiksek parlaklik degerlerine sahip
olan kirmizi biber tozlan trettikleri i¢in, 60°C ve 70°C sicakliklarda kizil6tesi ile kurutma uygulamalari da renk
kalitesi bakimindan kabul edilebilir kurutma uygulamalar1 olarak degerlendirilmistir. Sonug olarak, 60°C yerine
70°C'de kurutma uygulamast ile liriin kurutma siiresinde yaklagik % 22 tasarruf saglamis olup, bu uygulamanin
yiiksek kaliteli organik veya geleneksel tath toz kirmizi biber tiretmek i¢in kullanilabilecegi saptanmustir.

Anahtar Kelimeler: Kirmizi biber, Kizil6tesi kurutma, Organik gida, Nem difiizyonu, Renk kalitesi
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1. Introduction

Increasing awareness on human, plant, and animal health as well as environment has created an expanding
organic food market. Coinciding with this, consumers' demands for dried organic foods are also increasing and
dried organic products are offered for sale at higher prices compared to traditional products and become more and
more visible on supermarkets. Organic products have higher antioxidant activity, higher concentrations (18—-69%)
of desirable antioxidants/(poly) phenolics and other plant secondary metabolites linked to reduced chronic and
neurodegenerative diseases and certain cancers and also, 75% and 48% lower concentrations of agrochemical
residues and Cadmium, respectively (Gomiero, 2018). Organic farming has an increasing trend both in the world
(31.5 million ha in 2007 and 69.8 million ha in 2017) and in Turkey (0.17 million ha in 2007 and 0.54 million ha
in 2017) (Anonymous, 2018; Lernoud and Willer, 2019). However, there have been only a few studies in the
literature comparing the drying kinetics and quality of organically or conventionally grown fruits and vegetables.
Sablani et al. (2011) studied the effects of hot-air and freeze drying on the phytochemical content and moisture
diffusivity of conventional and organic berries and reported that some organic varieties (Meekerl and Duke)
showed higher moisture diffusivity whereas the trend was inverse for the other pairs (Meeker2 and Reka) as
compared to conventional berries. In another research, freeze drying, air-drying and flash freezing treatments were
compared with respect to total phenolic and ascorbic acid contents of some products (marionberry, strawberry and
corn) grown by conventional, organic and sustainable agricultural practices (Asami et al., 2003). Nevertheless, no
study was found to explore the drying characteristics of red peppers.

Red pepper (Capsicum annuum L.) is an important cash crop all over the world and is widely consumed as
fresh or dried. It is used in food industry for the production of spices, pastes, natural colorants, soups, sauces and
oleoresin (Soysal et al., 2009). The total global pepper production was about 36.1 and 2.6 million tonnes in the
world and in Turkey, respectively (Anonymous, 2019a). Organic production of pepper is also important in Turkey
with about 5558 tons in 2018 (Anonymous, 2019b).

Like many other agricultural crops, fresh pepper fruit is highly perishable as it contains moisture up to 90%
(wet basis). Drying is one of the most widely applied and relatively cost-effective postharvest processing method
to extent the shelf life of red pepper by reducing the water activity to a safe storage limits to inhibit microbial
activity and many of the moisture-originated degradation reactions (Arslan and Ozcan, 2011; Sahin et al., 2012;
Aktas et al., 2013; Deng et al., 2018). The primary quality characteristic of dried red pepper is red color intensity
(Kimetal., 2002; Ergunes and Tarhan, 2006; Topuz et al., 2011). Like all other fruits and vegetables, characteristic
color of red pepper originates from carotenoids (Deng et al., 2018) and is highly sensitive to post-harvest
processing conditions such as hot-air or natural sun drying (Soysal et al., 2005; Di Scala and Crapiste, 2008; Vega-
Galvez et al., 2008; Soysal et al., 2009; Vega-Galvez et al., 2009). Moreover, composition of carotenoids which
controls the color of pepper fruits largely depends on the variety, stage of ripening, cultivation practices and geo-
climatic conditions (Arimboor et al., 2015).

Traditional sun drying and hot-air drying are still the most commonly used methods of drying to produce dried
red pepper flakes and powders. However, they have several drawbacks like lengthy drying time, contamination
issues, inability to process large quantities without impairing product quality, manual labor requirements, low
energy efficiency, low product quality due to prolonged exposure to high temperatures (Vega-Galvez et al., 2008;
Soysal et al., 2009; Doymaz and Kocayigit, 2012). Infrared heating technique is presented as one of the most
promising method of drying to obtain the high quality dried fruits, vegetables and grains (Pawar and Pratape, 2017).
It can be considered as an artificial sun-drying process (Chua and Chou, 2003) as versatile, fast responsive, easily
installable and a low-cost drying technology with simple equipment requirement (Sandu, 1986). Compared to
conventional drying methods, infrared drying has higher energy efficiency, shorter drying time and superior
product quality (Nasiroglu and Kocabiyik, 2009; Onwude et al., 2016). Also, it can be used alone in a continuous
or intermittent mode or easily coupled with convective, conductive and microwave heating (Pawar and Pratape,
2017). However, high drying temperatures or energies may result in lower quality dried product even if they
shorten the drying time (Keskin et al., 2018; Keskin et al., 2019). Infrared energy as part of electromagnetic
spectrum can be transferred to the sample surface directly without heating the surrounding air and has the potential
to save energy up to 50% as compared to convective drying (Nowak and Lewicki, 2004).
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Literature review revealed that studies on the comparison of drying kinetics and color parameters of organic
and conventional products have been very limited. To the best of authors’ knowledge, no detailed study comparing
the infrared drying kinetics and color quality of organically and conventionally grown sweet red pepper exists in
the literature. Hence, the aim of this study was to evaluate the efficacy of infrared drying on the drying kinetics
and color quality attributes of organically and conventionally produced same type sweet red peppers and to model
the infrared drying kinetics data mathematically using non-linear regression technique.

2. Materials and Methods

2.1. Pepper samples

In this research, sweet red pepper (Capsicum annum L., Capia type, Diyar F1 cultivar) produced in organic and
conventional farming methods under greenhouse conditions near Erdemli city (36.6115N, 34.2624E) of Mersin
province, Turkey were used. This pepper type is intensively produced and consumed in Turkey. The pepper samples
which were hand harvested in the red stage were stored at +4°C until drying experiments. The wet based (w.b.) moisture
contents of the peppers were determined by using standard oven method by drying at 103°C for 24 h. Before each
drying experiment, three pepper samples were used for moisture content analysis. The average initial moisture contents
of the organic and conventional pepper samples were 91.25%:0.0.68 (w.b.) and 91.96%:+0.64 (w.b.), respectively.

2.2. Infrared drying procedure

An infrared dryer and moisture analyzer (Ohaus MB45 Moisture Analyzer, OHAUS, Pine Brook, NJ, USA) were
used to perform drying experiments. This device is equipped with a 400 W halogen infrared heater and transmits
medium to shortwave infrared radiation. For sample preparation, the pepper samples were washed with tap water and
then rinsed with distilled water and then they were dripped and shredded with about 1.43+0.09 mm thickness. In each
drying process, shredded pepper samples were placed homogeneously in a layer of 6.7+0.05 mm over the entire sample
pan. 35 drying trials for each of the organic (OSRP) and conventionally grown sweet red peppers (CSRP) were
performed for each of the three temperature levels (50, 60 and 70°C) and average values at respective temperature
levels were evaluated in the data analysis. Experiments were performed at about 24°C room temperature in an
acclimatized laboratory. Mass of the pepper samples with initial loads of about 15 g were automatically recorded at
one-minute interval with an accuracy of 0.001 g. The drying experiments were ended at about 0.10 kg (H20) kg (DM)
moisture content. The dried products were cooled and put into glass jar for further analysis.

2.3. Mathematical modeling

The experimental data were fitted to eleven different thin layer drying models to determine the most suitable drying
equation (Table 1).

Table 1. Mathematical models applied to the drying curves of the organic and conventional sweet red peppers

Model name Model equation* References

1 Newton MR = exp(—kt) Ertekin and Yaldiz (2004)
2 Page MR = exp(-kt") Diamente and Munro (1993)
3 Henderson and Pabis MR = aexp(—kt) Ertekin and Yaldiz (2004)
4 Logarithmic MR = aexp(-kt)+b Yagcioglu et al. (1999)

5 Midilli et al. MR = aexp(—kt") +bt Midilli et al. (2002)

6 Wang and Singh MR =1+at +bt? Wang and Singh (1978)

7 Logistic MR =b/(@+aexp(kt)) Jain and Pathare (2004)
8 Two term MR = aexp(—kt) + bexp(—kjt) Jain and Pathare (2004)
9 Vermaetal. MR =aexp(—kt) + 1—a)exp(-bt)  Verma et al. (1985)

10 Two term exponential MR =aexp(—kt) + (1—a)exp(-kat) Soysal et al. (2006)

11 Diffusion approximation MR =aexp(—kt) + (1—a)exp(-kbt) Soysal et al. (2006)
“MR: Moisture ratio; k and ki: Drying coefficients; n: Exponent; t: Time in min; a and b: Coefficients.
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The equilibrium moisture content (Mc) was assumed to be zero (Ertekin and Heybeli, 2014; Soysal et al., 2018)
and, the moisture ratio (MR) was simplified to M/My instead of (M-M.)/(Mo-Me¢). Non-linear regression analyses were
carried out by using SigmaPlot program (Version 12). The coefficient of determination (R?), residual sum of squares
(RSS) and standard error of estimate (SEE) parameters were utilized to select the best model.

2.4. Calculation of effective moisture diffusivity and activation energy

The experimental drying data for the determination of effective moisture diffusivity (Des) were interpreted by using
the Fick’s second diffusion equation. General solution of Fick’s second law in slab geometry was employed with the
assumptions of moisture migration by diffusion, negligible shrinkage, constant diffusion coefficients and temperature
using the following equation 1 (Crank, 1975):

My—M, (2 +1) EXp{(ZiHZ:LZZDeﬁt]
0 e T i=o\zl + (Eq_]_)

Where MR is the moisture ratio, M is the moisture content, My is the initial moisture content, M is the equilibrium
moisture content, De is the effective moisture diffusivity (m??), L is the half thickness of the samples (m), i is a
positive integer and t is time (S).

For long drying periods, Eq. (2) can be further simplified as follows (Wang et al., 2007):
2
D
In(MR)= 5 - = e
72 4L (Ea.2)

The Detr values were interpreted by plotting experimental In(MR) data versus drying time since the plot gives a
straight line with a slope equal to K = 12 De /4L2. An Arrhenius type equation 3was used to describe the temperature
dependency of effective moisture diffusivity as given below (Doymaz and Ismail, 2011):

D, = Dyexpl—E,/RT
eff 0 ( a/ ) (Eq-3)
Then, taking natural logarithm of both sides, the equation can be written in a linear form as follows:4

In(Derr )= In(Dy ) [(E/R)YT )] (Eq.4)

Where E; is the energy of activation (kJ/mol), R is the universal gas constant (8.3143x10- kd/mol), T is the absolute
temperature (K) and Dy is the pre-exponential factor of the Arrhenius equation (m?/s).

The E, value can be interpreted from the slope of the Eq (4) by plotting In(Dex) versus 1T (Ki=Ea/R).
2.5. Color measurement

Color parameters of fresh and dried-powdered organic and conventional red peppers were measured with a hand-
held chromameter (Minolta CR-400, Osaka, Japan). In measuring the color of the samples, ground material
measurement apparatus and CIE L*a*b* color model was used. The chromameter was utilized with illuminant C
standard and calibrated using its white reflector plate before measurements. The color is expressed in three dimensions
namely: L* (brightness, 0: black, 100: white), a* (redness-greenness, —60: green, +60: red) and b* (yellowness-
blueness, —60: blue, +60: yellow) (Keskin et al., 2017). Color change of the material was evaluated by using the a*/b*
ratio, total color difference (AE*) and color difference values (AL*, Aa* and Ab*) (Soysal et al., 2009).

3. Results and Discussion

3.1. Drying Kinetics Curves

The moisture content of the samples decreased to 0.10 kg (H20) kg'2(DM) in about 99 to 175 minutes and 100 to
176 minutes depending on the drying temperature for organic (OSRP) and conventional sweet red pepper (CSRP)
samples, respectively (Fig.1, Table 2). As expected, drying time diminished considerably with the increasing drying
temperature. There were no significant differences in drying times of OSRP and CSRP samples dried at 60, 70, and
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80°C. Compared to OSRP, drying time of the CSRP samples lasted about one minute longer. This small difference
may be attributed to the growing conditions of the product as a result of such factors including chemical pesticides and
fertilizers applied during conventional cultivation. Winter and Davis (2006) reported that organic fruits and vegetables
utilize more metabolic energy to synthesize secondary plant metabolites such as polyphenolics and antioxidants since
they are not subjected to synthetic pesticides and fertilizers. About 22% decrease in drying times of OSRP and CSRP
samples could be obtainable by drying at 70°C instead of 60°C. Figure 2 shows the moisture content versus drying
rate curves of OSRP and CSRP samples. After a short warming-up period, drying rates decreased continuously with
decreasing moisture content. All drying processes for both OSRP and CSRP samples took place mainly in the falling
rate period which implies that the migration of the moisture in the red pepper samples was controlled by the diffusion
mechanism (Fig. 2). Similar results have been reported by various researchers on infrared and/or infrared assisted
drying of red peppers (Nasiroglu and Kocabiyik, 2009; Tunde-Akintunde et al., 2014; Cao et al., 2016; Deng et al.,
2018; Soysal et al., 2018).

3.2. Modelling of drying curves

The experimental moisture content data were converted to moisture ratio (MR) and fitted to eleven different
thin layer-drying models (Table 1). Fitting adequacy of these models were compared in terms of the statistical
parameters of the residual sum of squares (RSS), the standard error of estimates (SEE) and the coefficients of
determination (R?). The best model was chosen as the one with the highest R? value and lowest RSS and SEE
values. Among the eleven drying models used in the study, the Midilli model (Model 5) gave the best fit for all
experimental infrared drying data points for both organic (OSRP) and conventional sweet red pepper (CSRP)
samples with the R? values greater than 0.9985, the SEE lower than 0.0126 and the RSS lower than 0.0212 (Table
3 and Fig. 3). Thus, the Midilli model interpreted the experimental drying data satisfactorily for infrared drying of
sweet red peppers. The drying coefficient k increased with the increase in drying temperature (Table 3). This result
was confirmed by the drying rate data which exhibited the same trends. The established model was validated by
comparing the predicted and experimental MR values of all drying experiments. The predicted data were observed
to be banded on and around the straight line of the 1:1 ratio (Figure 4).
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Figure 1. Infrared drying curves of organic and conventional sweet red peppers

Table 2. Drying time of each drying temperature for organic and conventional sweet red peppers

Product Type Drying Temperature (°C) Drying Time (min)

60 175.00+6.20%
Organic red pepper 70 127.57+4.07°

80 99.00+3.06°

60 176.00+7.942
Conventional red pepper 70 128.00+4.05°

80 100.20+3.54°

Different letters in same column indicate significant differences for each product type (p<0.05)
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Figure 2. Infrared drying rates of organic and conventional sweet red peppers

3.2. Modelling of drying curves

The experimental moisture content data were converted to moisture ratio (MR) and fitted to eleven different
thin layer-drying models (Table 1). Fitting adequacy of these models were compared in terms of the statistical
parameters of the residual sum of squares (RSS), the standard error of estimates (SEE) and the coefficients of
determination (R?). The best model was chosen as the one with the highest R? value and lowest RSS and SEE
values (data not shown). Among the eleven drying models used in the study, the Midilli model (Model 5) gave the
best fit for all experimental infrared drying data points for both OSRP and CSRP samples with the R? values greater
than 0.9985, the SEE lower than 0.0126 and the RSS lower than 0.0212 (Table 3). The drying coefficient of the
Midilli model k increased with the increase in drying temperature (Table 3).

Table 3. Statistical parameters and model constants for Midilli model for the infrared drying of red peppers

Product Drying Statistical parameters and model constants
temp.(°C) R2 SEE RSS k n a b

. 60 09988 00111 00212 00022 14348 09718 -0.0002
ifjgzgécper 70 09987 00115 00165 00036 1.4326 0.9757 -0.0003
80 09985 00126 00153 00047 1.4799 0.9731 -0.0003
conventional 09989 00104 00186 00022 1.4235 0.9738 -0.0003
red pepper 70 09987 00115 00165 00036 1.4239 0.9808 -0.0003
80 09987 00116 00134 00045 1.4788 0.9753 -0.0003

3.3. Effective moisture diffusivity

All drying processes for both organic (OSRP) and conventional sweet red pepper (CSRP) samples occurred
mainly in the falling rate period as shown in Figure 2. Therefore, it may be modeled as a diffusion-controlled
process. The effective moisture diffusivity (Dex) values for different drying temperatures (60, 70, 80°C) are given
in Table 4.

Table 4. Effective moisture diffusivity for organic and conventional sweet red peppers

Drying

Product temp. (°C) Linear equation Do (M?s?) Detf (M?s™) R?
60 y =-0.000474x + 0.643317 21.56x1010 0.947
Organic 70 y =-0.000679x + 0.692900 1.4963x10*  30.88x100 0.953
red pepper 80 y = -0.000890x + 0.591254 40.48x10°  0.953
60 y =-0.000468x + 0.653068 21.29x1010 0.942
Conventional 70 y =-0.000677x + 0.704413 1.4964x10*  30.79x100 0.945
red pepper 80 y =-0.000879x + 0.651015 39.98x101°  0.955
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It was found that the De values of the pepper samples were remarkably influenced by drying temperature.
Increasing the drying temperature accelerated the water molecules inside the product leading to higher vapor
pressure, faster evaporation and rapid reduction in product moisture content, resulting in higher Des values. This
result is in good agreement with previous studies on drying of red pepper (Thuwapanichayanan et al., 2011;
Darvishi, et al., 2013; Tunde-Akintunde et al., 2014; Deng et al., 2018; Soysal et al. 2018).

Depending on the drying temperature, the De values of OSRP and CSRP samples ranged from 21.56x101° to
40.48x101° m?s! and from 21.29x101° to 39.98x101° m?s?, respectively (Table 4). The D¢t values of the OSRP
samples were found slightly higher than those of the CSRP samples. The Des values were comply with the drying
coefficients of Midilli model and drying rate data and both of them followed the similar trajectory. Similar findings
were reported for red pepper by Cao et al. (2015). Sablani et al. (2011) conducted hot air drying experiments at
65°C to compare the Des values of organic and conventional berries. They reported that the organic fruits had
higher Des values as compared to conventional fruits whereas the trend was reverse for other fruit varieties.

The pre-exponential factor of the Arrhenius equation (Do) was predicted as 1.4963x10* m?s™ and 1.4964x10°
4 m2s! for the OSRP and CSRP samples, respectively (Table 4). The Do value denotes moisture diffusivity when
temperature goes to infinity. Greater Do value means the weaker resistance to the diffusion (Turhan et al., 1997).
Do value of OSRP and CSRP samples was found almost the same. This suggests that both pepper samples showed
almost same resistance to the moisture removed in the product as a result of infrared drying process. The Det values
obtained in this study lay in general within the range of 10-*1-10"° m?s* as previously reported for various biological
materials (Saravacos, 1986; Rizvi, 1986; Madamba et al., 1996; Maskan et al., 2002; Wang et al., 2007; Kumar et
al., 2011). They were also found to be very similar (Cao et al., 2016) and higher (Deng et al, 2018; Soysal et al.,
2018) than the published data for red pepper given in Table 5. The differences might be due to drying conditions,
type and scale of drying equipment, proposed model used for calculation, physico-chemical properties of the
product such as type, composition, tissue characteristics, thickness, cultivar and ripening stage and other
uncontrolled parameters (Sanjuan et al., 2003; Darvishi et al., 2014; Deng et al., 2018).

Table 5. Comparison of data of the present study and the previous studies

Product and drying method teagl?"gC) (X].O'E?)elf:fHZS'l) (kJ Iriaol'l) Reference
Organic red pepper-sliced, infrared 60-80 21.56-40.48 30.85  Present work
Conventional red pepper-sliced, infrared 60-80 21.29-39.98 30.87  Present work

Red pepper-whole, infrared drying 60-80 15.8-37.8 42.67 Caoetal., 2016
Red pepper-whole, infrared assisted hot air 50-80 1.75-8.97 50.90 Dengetal., 2018
Red pepper-sliced, infrared 50-70 0.61-1.26 33,50  Soysal etal., 2018

3.4. Activation energy

Activation energy (Ea,) defines the minimum energy required to initiate moisture diffusion from a product
(Kadam et al., 2011) and the sensitivity of diffusivity against temperature (Turhan et al., 1997). This means that
the greater the E, values, the more sensitivity of the diffusivity to the drying temperature. E, values were calculated
from the slope of the Eq (4) by plotting In(Des) versus 1/T (slope=E4/R). The E, values were computed as 30.85
kJ/mol for the OSRP and 30.87 kJ/mol for the CSRP samples (Table5). These Ea values were within the range of
12.7-110.0 kJ/mol which is reported for most agricultural products (Zogzas et al., 1996) and the E, values for red
peppers reported in different studies (Table 5). The closeness of E, values shows that the organic pepper is as
sensitive as the conventional pepper to infrared drying temperature and furthermore, organic or conventional
growing practices of the same variety product did not significantly alter the E, values. This result is also
conforming to the profiles of moisture content versus drying time and drying rate versus moisture content, the
drying coefficient data of Midilli model, D¢ and Do values.
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3.5. Color quality assessment

The color data were presented in Table 6 as the means of seven independent measurements for each sample.
The mean L*, a*, b* and a*/b* color values of fresh organic sweet red pepper (OSRP) samples were 30.93, 24.10,
22.34, 1.08 while the values for the conventional sweet red pepper (CSRP) samples were 30.18, 25.29, 21.81, 1.16
which relates to matte red color (Table 6). The L*, a* and b* values of fresh OSRP and CSRP samples were almost
identical (p<0.05). On the other hand, the a*/b* ratios of fresh OSRP and CSRP samples were significantly
different (p<0.05) which means that the color of fresh CSRP samples was deeper in red compared to OSRP.The
L* values of the dried samples were remarkably higher than the fresh samples which denotes that the infrared dried
pepper powders were in lighter red color than the fresh ones (p<0.05). The L* values of both OSRP and CSRP
samples were significantly enhanced at higher drying temperatures resulting in lighter product colors (p<0.05).
Similarly, except the a* value of the CSRP sample dried at 80°C, the a* and b* values of the dried samples were
significantly higher than the values of the fresh samples. Similar findings regarding L*, a* and b* values were
reported by Nasiroglu and Kocabiyik (2009) and Keskin et al. (2018). Kim et al. (2004) and Topuz at al. (2011)
reported that the red color intensity which mainly originates from ketocarotenoids, capsanthin and capsorubin
formed during ripening of the pepper was used as a primary criterion in the evaluation of the quality of paprika.
Moreover, Soysal et al. (2005) and Ergunes and Tarhan (2006) suggested that the red pepper with higher brightness
and redness and mild yellowness values can be considered as more favourable and marketable products in view of
color quality. Regarding the differences in color parameters (Table 7), a positive correlation was found between
the infrared drying temperature and AE* and AL* values. The highest AE* value was found for the CSRP samples
dried at 80°C while the lowest AE* was obtained for the OSRP samples dried at 60°C. Beside this, higher infrared
drying temperatures produced brighter red pepper powder color which is more preferable by consumers (Table 6).

Table 6. Effect of infrared drying temperatures on the color parameters of sweet red peppers

Drying

Product type temp. (°C) L* a* b* a*/b*
Fresh 30.93+0.022 24.10+0.03? 22.34+0.06% 1.08+0.00P
Organic 60 52.69+0.81° 34.22+0.76¢ 40.34+0.82° 0.85+0.01°
red pepper 70 54,33+0.85°¢ 32.69+0.80°  41.16+0.90°  0.79+0.03¢
80 57.10+0.84¢ 27.94+0.40° 41.82+0.90° 0.67+0.02
Fresh 30.18+0.022 25.29+0.042 21.81+0.062 1.16+0.00?
Conventional 60 57.06+0.87° 31.58+0.66° 40.14+0.57°¢ 0.79+0.03%
red pepper 70 57.58+0.73° 30.64+0.55° 39.96+0.38% 0.77+0.02¢
80 59.26+0.80° 25.31+0.742 39.55+0.68° 0.64+0.02°

Different letters in same column for organic and conventional peppers indicate significant differences (p<0.05)

The color redness and brightness parameters of the infrared dried pepper powders did not decrease but
remarkably improved as compared to fresh product (Table 7).

Table7. Effect of infrared drying temperatures on the difference in color parameters of sweet red peppers

Drying

Product type temp. (°C) AL* Aa* Ab* AE a*/b*
Fresh - - - - 1.08+0.00°
Organic 60 21.76+0.812 10.12+0.767  17.99+0.82*  30.00+1.17%  0.85+0.01°
red pepper 70 23.40+0.85° 8.59+0.80¢ 18.82+0.90°  31.25+0.97° 0.79+0.03%
80 26.17+0.84° 3.84+0.40° 19.48+0.90°  32.85+1.15°  0.67+0.02
Fresh - - - - 1.16+0.00?
Conventional 60 26.88+0.87¢ 6.29+0.66¢ 18.33£0.57%  33.15+0.87¢ 0.79+0.03%
red pepper 70 27.40+0.73° 5.35+0.55¢ 18.15+0.38%* 33.30+0.71%  0.77+0.02¢
80 29.08+0.80¢ 0.02+0.742 17.74+0.68*  34.07+0.94°  0.64+0.02¢

Different letters in same column for organic and conventional peppers indicate significant differences (p<0.05)

Considerably higher changes in Aa* values for both OSRP and CSRP powders were obtained at lower drying
temperatures (Table 7). The improvement in the redness of the infrared dried OSRP samples were higher compared
to CSRP samples. Whereas the change in yellowness (Ab*) values remained at a very limited level compared to
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the changes in redness (Aa*) values. It is clear that increasing the drying temperature caused significant decrease
in the a* values of dried peppers (Table 6). In addition, increasing the drying temperature increased the b* values
of the OSRP powders while significantly reducing the b* values of the CSRP powders (p<0.05). This resulted in
a*/b* ratios of dried OSRP powders being higher than CSRP powders. Thus, the a*/b* ratio given in Table 6 can
be used to decide the best drying treatment for color quality. The highest a*/b* ratio was obtained in OSRP samples
dried at 60°C. No significant difference was found among the a*/b* ratio of CSRP samples dried at 60 and 70°C
and OSRP samples dried at 70°C. Hence, infrared drying at 60°C and 70°C can be evaluated as the acceptable
drying applications in terms of color quality since they gave the nearest redness to yellowness ratios and higher
brightness values as compared to the color parameters of fresh peppers which are desirable for the production of
high quality dried sweet red pepper.

4, Conclusions

This research was carried out to compare the infrared drying characteristics of organically and conventionally
produced sweet red peppers and to select the best drying application with respect to color quality. The results showed
that the entire drying process for both organic (OSRP) and conventional sweet red peppers (CSRP) took place mainly
in falling rate period. Increasing the drying temperature decreased the drying time considerably. Although the average
drying time of CSRP samples lasted about one minute longer than OSRP, this difference was not statistically significant.
Among the eleven models included in the study, the Midilli model gave the best fit for all data points for OSRP and
CSRP samples. As expected, the drying coefficient k increased with the increase in the drying temperature.

The effective moisture diffusivity (Der) values of the OSRP samples were found slightly higher than those of the
CSRP samples. The activation energies (Ea) were computed as 30.85 kJ/mol for the OSRP and 30.87 kJ/mol for the
CSRP samples. Both pepper samples showed almost same resistance to the moisture removed in the product as a result
of infrared drying process. Growing practices (organic or conventional) of the same variety red peppers did not alter
much of the profiles of moisture content versus drying time and drying rate versus moisture content, the drying
coefficient (k) data of Midilli model, effective moisture diffusivity and activation energy values all of which followed
the similar trends. The OSRP samples dried at 60°C had the highest redness to yellowness ratio which denotes the
deeper in red color. No significant differences were found among the redness to yellowness ratio of CSRP samples
dried at 60°C and 70°C and OSRP samples dried at 70°C.

Consequently, infrared drying at 60°C and 70°C can be evaluated as the acceptable drying applications in terms of
color quality since they gave the nearest redness to yellowness ratios and higher brightness values as compared to the
color parameters of fresh peppers, which is desirable for the production of high quality dried sweet red pepper powders.
Infrared drying at 70°C resulted in about 22% savings in drying time and could be used to produce high quality organic
or conventional sweet red pepper powder with better color quality.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Bioactive Properties Of Commercial Reishi Mushroom Products In Powder Form

Ticari Olarak Toz Formda Satilan Reishi Mantarlarinin Biyoaktif Ozellikleri

Ahmet Siikrii DEMIRCI!, Didem SOZERi ATiK"", ibrahim PALABIYIK®, Mehmet GULCU?

Abstract

Ganoderma lucidum (Reishi mushroom) has well known history of use with regards to ensuring health effects and
longevity in Asian countries. Besides, it has an antioxidative protection system to protect the living organism from
the action of free radicals. This study examines the bioactive properties of powder form of G. lucidum as a natural
functional agent and the antimicrobial effects of the 5 different commercially sold powder of the G. lucidum
mushrooms were investigated against various pathogenic bacteria and molds. For this purpose, the phenolic
content, antioxidant capacity of G. lucidum samples were determined. The antimicrobial effects of the 5 different
G. lucidum mushrooms against various food-related pathogenic bacteria (Escherichia coli ATCC 25922, Listeria
monocytogenes ATCC 7644, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076, Staphylococcus
aureus ATCC 2592, Vibrio parahaemolyticus ATCC 17802) and molds (Aspergillus parasiticus NRRL 2999 and
Aspergillus parasiticus NRRL 465) were expressed as a diameter (mm) of the inhibition zone. The values of total
phenolic content of different G. lucidum samples ranged from 2.35 to 10.46 mg GAE g*. The scavenging activity
of DPPH radicals of G. lucidum samples did not show any significant difference for samples 2, 4, and 5. The same
trend was observed between for ABTS+ results of these samples. The highest total phenolic content and
antioxidative activity were observed in the sample 1. The extracts of different G. lucidum samples demonstrated
statistically significant antibacterial activity against E. coli ATCC 25922. Regarding the antifungal activity of G.
lucidum samples, there were not found any significant differences when compared different samples. The results
demonstrated that G. lucidum can be used as a functional food ingredient to improve the bioactive properties of
foods.
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Ozet

Ganoderma lucidum (Reishi mantar1), Asya iilkelerinde saglik etkileri ve uzun omiirliliigii saglamak igin yaygin
olarak bilinen bir kullanim gegmisine sahiptir. Ayrica, canli organizmay: serbest radikallerin etkisinden korumak
icin antioksidatif koruma sistemine de sahiptir. Bu ¢alismada toz formunda G. lucidum'un dogal fonksiyonel
ajanlar olarak biyoaktif 6zellikleri incelenmis ve G. lucidum mantarlarinin ticari olarak satilan 5 farkli tozunun
cesitli gida patojeni bakterilere ve kiiflere karsi antimikrobiyal etkileri arastirilmigtir. Bu amagla G. lucidum
numunelerinin toplam fenolik igerigi, antioksidan kapasitesi de belirlenmistir. 5 farkli G. lucidum mantarinin
antimikrobiyal etkileri, gida ile ilgili ¢esitli patojenik bakterilere (Escherichia coli ATCC 25922, Listeria
monocytogenes ATCC 7644, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076, Staphylococcus
aureus ATCC 2592, Vibrio parahaemolyticus ATCC 17802) kiiflere (Aspergillus parasiticus NRRL 2999 ve
Aspergillus parasiticus NRRL 465) kars1 arastirilmis ve sonuglar inhibisyon zon ¢ap1 (mm) olarak ifade edilmistir.
Farkli G. lucidum &rneklerinin toplam fenolik igerigi degerlerinin 2.35 ila 10.46 mg GAE g arasinda degistigi
bulunmustur. G. lucidum numunelerinin DPPH radikallerine kars1 antioksidan aktivitesi arastirildiginda; 2, 4 ve 5
numarali 6rnekler arasinda énemli bir fark gézlemlenmemistir. Bu numunelerin ABTS* sonuglari i¢in de ayni
egilim oldugu tespit edilmistir. En yiiksek toplam fenolik icerik ve antioksidatif aktivite G. lucidum’un 1 numaral
Orneginde belirlenmistir. Farkli G. lucidum orneklerinin ekstraktlari, E. coli ATCC 25922'ye karsi istatistiksel
olarak anlamli antibakteriyal aktivite gosterirken (p <0.05), G. lucidum 6rneklerinin antifungal aktivitesi ile ilgili
olarak, farkli 6rnekler karsilastirildiginda istatistiksel olarak anlamli bir farklilik bulunamamistir (p> 0.05). Elde
edilen sonuclara gore, G. lucidum'un gidalarin biyoaktif 6zelliklerini gelistirmek i¢in fonksiyonel bir gida bileseni
olarak kullanilabilecegini gorulmektedir.

Anahtar Kelimeler: Reishi, Antimikrobiyal, DPPH, ABTS, Lingzhi
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1. Introduction

The increasing world population has various problems related to nutrition and health. Despite the great
advances in science and technology, the unconscious consumption of natural resources and the economic
difficulties encountered have made it necessary to use natural resources for multiple purposes. On the other hand,
the natural and synthetic antibiotics developed so far have been ineffective in the fight against infectious diseases
as a result of the resistance of microorganisms, and various side effects have led the science of medicine to discover
new and natural antimicrobial substances (Karaman et al., 2003).

According to previous scientific research, it has been determined that some macrofungus species produce
various chemical compounds with antibacterial, antifungal, antiviral, and antiprotozoal properties. Antimicrobial
effects of macrofungi are caused by some phenolic compounds, purines and pyrimidines, quinones, terpenoids,
and phenylpropanoid derivative antagonistic substances synthesized by the fungal metabolism (Benedict and
Brady, 1972). Many fungal species are used in the world for therapeutic purposes such as Ganoderma lucidum
(Lingzhi), Ophiocordyceps (Cordyceps) (Paterson, 2006), Lentinula edodes (Shiitake), Piptoporus betulinus
(Birch polypore/ bracket), Grifola frondosa (Hen of the woods/Maitake), Inonotus obliquus (Chaga) ve Agaricus
subrufescens (Almond mushroom) (De Silva et al., 2012; Wasser, 2011).

G. lucidum which has been known as the immortality plant in China and also it is known as Reishi or
Mannentake in Japan. Moreover, Ganoderma lucidum is known as Ling-Zhi in China and it represents good luck
(Kino et al., 1989). The health-promoting effects of the mushroom have been known for centuries. The modern
scientific studies have also confirmed that G. lucidum has various health effects such as immune-regulating,
antitumor, antioxidant, antimicrobial, cardiovascular, antiallergenic, liver-protecting and antidiabetic (Berovi¢ et
al., 2003; Li et al., 2010; Wasser, 2010). It has been reported that the bioactive components of Ganoderma species
such as polysaccharides, terpenoids, sterols, lectins proteins, nucleotides, and fatty acids are the main cause of the
beneficial effects of the mushroom on human health (Yeung, 2004). Furthermore, Kim and Kim (1999)
demonstrated that G. lucidum was non-toxic to healthy cells, even if taken at high doses.

Besides, Ganoderma species produce a wide variety of potential intra-cellular and extra-cellular antimicrobial
components (Liu et al., 2009). Several studies have revealed the antimicrobial activity of G. lucidum (Gao et al.,
2005; Quereshi et al., 2010; Sheena et al., 2003). G. lucidum products are sold commercially in different forms
such as tea, dietary supplements and powders. These products are obtained from mycelia, fruit body and spores
parts of the product.

It is known to have an antioxidative protection system to protect the living organism from the action of free
radicals. In some cases, free radicals appear to be excessive in the body due to the antioxidative protective system
not working well. This causesdamage to the body such as the amount of free radicals increases, aging accelerates,
cell death, tissue death, and damage to brain vessels. Recent evidence suggests that G. lucidum contributes to the
removal of reactive oxygen species by increasing the superoxide dismutase and catalase enzyme activity (Ajith et
al., 2009; Smina et al., 2011).

The aim of this study was to investigate the antimicrobial effects, of the 5 different commercially sold powders
of the G. lucidum mushrooms against various food-related pathogenic bacteria and molds, thereby finding new
sources in the fight against infectious diseases. Besides, this study was also designed to determine total phenolic
contents and antioxidant capacities of G. lucidum samples.

2. Materials and Methods

2.1. Materials

Five different powder of the commercial Lingzhi (G. lucidum) products were purchased from different commercial
firms. Folin-Ciocalteu reagent, sodium carbonate, methanol, DPPH, and ABTS* were provided from Merck KGaA
(Darmstadt, Germany).
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2.2. Extraction procedure of Ganoderma lucidum samples for antioxidant and phenolic content analysis

One g of sample was mixed with methanol 99% to the ratio of 1:9 (reishi: methanol) and extracted with using
a rotary shaker, the mixture was shaken (Rotator, Dragon Laboratory Instruments) at 70 rpm and room temperature
for 2 h. Then, at 4500 rpm at 4 °C, the extracts were centrifuged for 15 min and to remove suspended materials,
the extracts were filtered through Whatman No.1 filter and stored at 4 °C until analysis. All extractions were
performed in triplicate.

2.3. Determination of total phenolic content

The total phenolic content (TPC) of samples was evaluated according to the procedure reported by (Singleton
etal. 1999; Bozdemir etal. 2021). For analysis, 100 uL of the extracted sample was mixed with 7.5 mL of distilled
water. 500 pL Folin-Ciocalteu reagent and 1 ml of stock solution of Na,CO3 were added to the mixture. The
absorbance of samples was measured at 720 nm and results were given as mg GAE g*. All trials were duplicated.

2.4. Antioxidant activity

ABTS" (2,2'-Azino-bis-3-ethylbenzothiazoline-6-sulfonic) and DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
scavenging methods were used to determine the antioxidant activity of G. lucidum samples. DPPH radical
scavenging activity was measured at 517 nm and results were expressed as umol Trolox equivalent g according
to the method as previously used (Brand-Williams et al. 1995). ABTS" radical scavenging method was used at 734
nm by adapting the procedure used by Re et al. (1999) and Durmus et al., (2020). Results were given as pumol
Trolox equivalent g*. All trials were duplicated.

2.5. Antimicrobial activity

For antimicrobial analysis, 5 food-based pathogenic bacteria and 2 fungi were used. Escherichia coli ATCC
25922, Listeria monocytogenes ATCC 7644, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076
and Staphylococcus aureus ATCC 2592, Vibrio parahaemolyticus ATCC 17802, Aspergillus parasiticus NRRL
2999 and Aspergillus parasiticus NRRL 465 were obtained from the Food Microbiology Laboratory of Namik
Kemal University, Food Engineering Department. The agar disc diffusion method was used for the determination
of antimicrobial activities of the extracts in question (NCCLS, 1997; Apaydin and Giimiig, 2018). The stock
solution of the overnight culture was standardized to 0.5 McFarland scale. Mueller Hinton Agar (Merck, Darmstadt,
Germany) and Potato Dextrose Agar (Merck, Darmstadt, Germany) were used to perform antimicrobial analysis.
A suspension of the tested microorganism (0.1 mL of 108 cells per ml of bacteria and 10* spore/mL of fungi) was
spread on the solid media plates. Filter paper discs (6 mm in diameter) were impregnated with 20 pL of the extracts
and placed on the inoculated plates. After the incubation at 37 °C for 24 hours, inhibition zones were measured by
a calliper. Tests were carried out in triplicate.

2.6. Statistical analysis

The TPC, antioxidant, and antimicrobial activity results of Ganoderma lucidum samples were analyzed with
one-way ANOVA to find significant differences by using JMP statistical software (State College PA, USA). For
compare means, the Tukey multiple comparison test was used at 95% confidence level. Values are presented as
means + SD of three parallel measurements.

3. Results and Discussion

3.1. Total phenolic contents of samples

The results of the total phenolic content of G. lucidum are demonstrated in Figure 1. When compared to TPC
values of different samples of G. lucidum, it was observed that Sample 1 had 10.46 mg GAE g* TPC value which
was significantly higher than other samples (p<0.05). The TPCs of G. lucidum samples were found between 2.35-
10.46 mg GAE g'. Furthermore, it is apparent from Figure 1 that there was no significant difference (p>0.05)
between the samples 4 and 5 whereas they were followed for TPC values by samples 2 and 3, respectively.
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Figure 1. Total phenolic content of Ganoderma lucidum samples

Cilerdzi¢ et al. (2014) reported that there was a difference between various G. lucidum samples, while phenolic
content of the samples cultivated on wheat straw varied from 28.06 mg GAE/g to 52.15 mg GAE g*. However,
the commercial strain of G. lucidum sample was found as 33.42 mg GAE g. On contrary, the total phenolic results
of samples which are used in the present study were found lower than the other studies. For the determination of
the effect of extraction solution on G. lucidum samples, Celik et al. (2014) were used as methanol and ethanol for
the extraction. They found that there was no significant difference between the two extraction materials.

3.2. Antioxidant activity

The result of TPC values was found consistent with the antioxidant activity of G. lucidum samples. DPPH and
ABTS" radical scavenging abilities of G. lucidum samples are given in Figure 2 and Figure 3, respectively.
According to Figure 2 and 3, correlating with the phenolic content of 10.46 mg GAE g (see Fig. 1), sample 1
also showed the highest antioxidant activity when compared to other samples.

The scavenging activity of DPPH radicals of G. lucidum samples was ranged from 0.81 to 9.98 umol Trolox
gL In addition, the results of samples 2,4 and 5 did not show any significant difference in DPPH scavenging
activity (p>0.05). However, sample 3 resulted in the lowest value of DPPH. There are similarities with the results
of Veljovi¢ et al. (2017) who found the antioxidant activity of G. lucidum ethanol extracts was ranged from 1.40
to 3.07 mmol Trolox Equivalent. The content of Ganoderma species such as polysaccharides, glycoproteins, and
polysaccharidic extracts is an important factor for its antioxidant property (Ferreira et al., 2015). Besides,
researchers reported that GLP2 (G. lucidum polysaccharides) which is a polysaccharide from G. lucidum showed
only 9.5% lower antioxidant activity from BHT (Butylated hydroxytoluene). It showed that components of G.
lucidum can be used as a potential antioxidant (Lim et al., 2011; Ma et al., 2013).

The same trend was observed between DPPH and ABTS* results of samples. There were no significant
differences between samples 2, 4 and 5 (p<0.05) whereas sample 1 had higher ABTS+ scavenging activity. The
effect of ABTS* scavenging activity on our different samples were found between 9.71-107.47 umol Trolox g,
Although these results differed from a published study of Sudheer et al. (2018), they found that the ABTS* radical
scavenging activities of G. lucidum samples were ranged from 32.5 to 38.42 mg Trolox g dry weight. On the
other hand, Islam et al. (2016) reported that the results of ABTS" radical scavenging activity were found as 12.94
umol Trolox g* which supported the present study. A possible explanation for this might be the different
composition of samples.
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Figure 2. DPPH radical scavenging activity of Ganoderma lucidum samples
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Figure 3. ABTS" radical scavenging activity of Ganoderma lucidum samples

Studies showed that G. lucidum increases the activity of super oxide dismutase and catalase which are enzymes
involved in removing harmful reactive oxygen species (ROS) (Ajith et al., 2009; Smina et al., 2011).

3.2. Antimicrobial analysis

Antimicrobial potential of G. lucidum extracts was evaluated by disc-diffusion method and is shown in Table
1. Sample 3 was found to be most effective with high inhibition zones compared to the other samples against
bacterial strains under the treatment conditions tested. However, there were not significant differences between
mushroom samples against pathogenic bacteria except E. coli ATCC 25922.

The extracts of different commercial G. lucidum samples demonstrated various antibacterial activity against E.
coli ATCC 25922 (p<0.05). G. lucidum samples produced inhibition zones in the range of 7.61-14.33 mm. This
finding is in agreement with the study of Cilerdzi¢ et al. (2014), who reported that the antibacterial activity zones
of different G. lucidum samples ranged from 10.5 to 13.3 mm. In the present study, the higher susceptibility of E.
coli ATCC 25922 was observed for samples 3 and 4. Also it was followed by samples 2 and 5. Sample 1 was
found to have lower antibacterial activity against E. coli ATCC 25922.

S. aureus is a pathogen which can create biofilms on the surface of food products (Shi and Zhu, 2009). As in
Table 2, there was not a significant difference between G. lucidum samples (p>0.05). The measured ranges of
antibacterial activity of samples against S. aureus ATCC 2592 were found from 8.71 to 11.62 mm. The
antibacterial activity of G. lucidum samples against S. aureus was found lower than one revealed by Cilerdzi¢ et
al. (2014). S. Enteritidis ATCC 13076 was inhibited by G. lucidum samples in the inhibition range of 9.13-11.15
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mm. On the other hand, no significant differences were found between G. lucidum samples (p>0.05). This study
produced results which corroborated the findings of a great deal of the previous work. As Celik et al. (2014)
mentioned in their research, ethanolic and methanolic extracts of G. lucidum showed antibacterial activity against
S. Enteritidis ATCC 13076. They found the inhibition diameter of G. lucidum samples as 12 mm which is similar
to the present study.

Table 1. Antimicrobial activity results of different Ganoderma lucidum samples

Inhibition zone diameter (mm)

Microorganisms G. lucidium samples

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Escherichia coli ATCC 25922 7.61+1.13b 10.85+2.43ab 14.33+0.38a 13.56+4.38a 10.25+2.23ab

Staphylococcus aureus ATCC 8.71+2.00 8.83+2.06 9.17+£1.63 11.62+1.89  9.88+0.80
2592

Salmonella enterica subsp. 9.13+250 11.15+1.42 10.80+0.88  9.86+2.80 10.02+1.02
enterica serovar Enteritidis
ATCC 13076

Listeria monocytogenes ATCC 10.57£2.19 11.44+2.96 11.83+1.96 11.66+2.40 9.36+1.64
7644

Vibrio parahaemolyticus ATCC  11.44+3.14 11.63+3.49 13.34+4.36  10.30+2.88  10.41+2.79
17802

Aspergillus parasiticus NRRL 12.46x0.47 12.73x1.15 12.82+¢4.11 13.85x2.10 12.43+1.18
2999

Aspergillus parasiticus NRRL 13.13+0.75 13.67+1.00 13.20+1.15 11.03+1.45 12.00+1.71
465

Results are expressed as the meantstandard deviation (n=3)
Different letters in the same row are significantly different (p<0.05)

Antimicrobial activity against V. parahaemolyticus ATCC 17802 was manifested as zone diameter between
9.36-11.83 mm depending on the G. lucidum sample studied. However, there was no significant difference
between samples against this bacterium (p>0.05).

The antifungal activity of G. lucidum samples on A. parasiticus NRRL 2999 and A. parasiticus NRRL 465 is
presented in Table 1. Regarding the antifungal activity of G. lucidum samples, there were no significant differences
when compared different samples (p>0.05). The results showed that the inhibition diameter of G. lucidum samples
was found from 12.43 to 13.85 mm and 11.03-13.67 mm for A. parasiticus NRRL 2999 and A. parasiticus NRRL
465, respectively. Terpenoids are reported to be one of the major antimicrobial constituents of Ganoderma species
(Gao et al., 2003).

4. Conclusion

In this study, comparison of total phenolic content, antimicrobial and antioxidant properties of 5 commercial
Lingzhi (G. lucidum) products currently available on the market was studied. The findings of this study indicated
that there was a difference between samples in terms of the total phenolic content, antioxidative power and
antibacterial activity against E. coli ATCC 25922. The results obtained from the disc diffusion method, indicated
that the microorganisms S. aureus was the most resistant microorganism tested, showing the smallest inhibition
zones, in the presence of G. lucidum extracts. As a result of the high phenolic content, antioxidant power and
antimicrobial activity of the samples, this study showed that G. lucidum can be a potential candidate as a functional
food ingredient to improve the biological activity of food products.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Noise Exposure Levels in Black Tea Processing Factories and Its Effects on Employees

Siyah Cay Uretim Tesislerinde Giiriiltii Maruziyet Diizeyleri ve Calisanlar Uzerindeki Etkileri

Giyasettin CICEK"", Sarp Korkut SUMER?

Abstract

The aim of this study was to determine the daily noise exposure levels in black tea processing factories and to
evaluate its effects on employees' occupational health and safety. In the study, the sound pressure level dBA values
were measured at the ear levels of the employees in each production unit in three tea factories operating in Artvin
Province. These factories where the measurements were made consist of withering, curling, oxidation, drying
(boiler and stove) and classification units. These units include various systems and mechanisms formed by
conveyors, fans, steam heaters, boilers, reducers, pallets, hoods, screens, gears, and drums. In the measurements
performed considering the 1ISO 9612:2009 (Acoustics Determination of Occupational Noise Exposure Engineering
Method) standard, a sound pressure level meter in Type-2 class complying with the requirements of the IEC 61672-
1: 2002 was used. A weighted equivalent sound pressure levels were determined using the measured values.
Considering these values and working times, personal daily noise exposure levels were calculated. It was
determined that the equivalent sound pressure levels and daily personal noise exposure levels at the employee ear
level were in the range of 77-87 dBA and 74-83 dBA, respectively. Curling units have the highest equivalent sound
pressure level (86.81 dBA) and daily personal noise exposure level value (83.10 dBA) compared to other units,
while boilers have the lowest equivalent sound pressure level (76.75 dBA) and daily personal noise exposure level
value (73.55 dBA). Considering the regulation on protection of employees from noise related risks, it was
concluded that the daily noise exposure level reached the lower exposure action value (80 dBA) in these factories.
The study showed that the health and work efficiency of the employees could be adversely affected by noise in tea
factories, considering various research results and Regulations on noise.
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Ozet

Bu ¢aligmanin amaci, siyah ¢ay fabrikalarindaki giinliik giirtiltii maruziyet diizeylerini belirlemek ve ¢aliganlarin
is saghig1 ve giivenligi lizerindeki etkilerini degerlendirmektir. Calismada Artvin ilinde faaliyet gosteren Ug cay
fabrikasinin her bir iiretim biriminde galisanlarin kulak seviyelerinde ses basing diizeyi dBA degerleri 6l¢tilmiistiir.
Olgiimlerin yapildig1 bu fabrikalar soldurma, kivirma, oksidasyon, kurutma (kazan ve soba) ve smiflandirma
birimlerinden olusmaktadir. Bu {initeler; konveyorler, fanlar, buharh 1siticilar, kazanlar, rediiktorler, paletler,
davlumbazlar, elekler, disliler ve tamburlardan olusan gesitli sistem ve mekanizmalart igermektedir. ISO 9612:
2009 (Mesleki Girltd Maruziyet Miihendisligi YOntemi) standardi dikkate alinarak yapilan dl¢iimlerde IEC
61672-1: 2002 sartlarina uygun Tip-2 siifinda bir ses basmg diizeyi 6lger kullanilmustir. Olgiilen degerler
kullanilarak A agirlikli esdeger ses basinci seviyeleri belirlenmistir. Bu degerler ve calisma siireleri dikkate
almarak kisisel giinliik giiriiltii maruziyet seviyeleri hesaplanmigtir. Caliganlarin kulak seviyesindeki esdeger ses
basing seviyeleri ve giinliik kigisel gliriiltii maruziyet seviyelerinin sirasiyla 77-87 dBA ve 74-83 dBA araliginda
oldugu belirlenmistir. Ol¢iim yapilan tiim {initeler i¢erisinde, kivirma iinitelerinin diger iinitelere kiyasla en yiiksek
esdeger ses basing seviyesine (86.81 dBA) ve giinliik kisisel giiriiltii maruziyet seviyesine (83.10 dBA) sahipken,
kazanlarin en diisiik esdeger ses basing seviyesine (76.75 dBA) ve giinliik kisisel giiriiltii maruziyet seviyesi
degerine (73.55 dBA) sahip oldugu tespit edilmistir. Caligsanlarin giiriiltiiye bagl risklerden korunmasina iligkin
yonetmelik dikkate alindiginda, bu fabrikalarda giinliik giirtiltii maruziyet seviyesinin en diisiik giinliik kigisel
gliriiltli maruziyet eylem degerine (80 dBA) ulastig1 sonucuna vartlmigtir. Calismada elde edilen veriler, gesitli
arastirma sonuglari ve giiriiltii yonetmeligi dikkate alindiginda, ¢alisanlarin is sagligi ve glivenliginin yani sira is
verimliliginin ¢ay fabrikalarindaki giiriiltiiden olumsuz etkilenebilecegini gostermistir.

Anahtar Kelimeler: Cay iiretimi, Giiriiltii 6l¢iimii, Ses basing diizeyi, Is saghg1, Ergonomi
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1. Introduction

Tea is the most frequently consumed drink worldwide, next to water, and about 75% of the total world tea
production includes black tea (Saptashish and Jolvis, 2016). Tea production is carried out in 45 countries in the
tropics and subtropical climate zones. Countries with the greatest tea cultivation area in the world are China, India,
Sri Lanka, Kenya, Indonesia, Vietnam, and Turkey. Turkey located 197 tea factories, seventh in terms of the width
of tea cultivation area (76 thousand hectares) ranks fifth in dry tea production (243 thousand tons) (FAO 2016). In
dry tea processing, wet tea leaf goes through withering, curling, oxidation, drying (boiler and stove) and
classification processes. Although the machines used in these processes provide advantages such as reducing
workload and decreasing dependence on people, they can also cause some negative working conditions (Crocker,
2007). One of the risk factors causing these conditions is noise. Noise can have negative effects on employee
health in terms of physical, physiological, psychological and performance (Sabanci and Stimer, 2015; Erdogan ve
Yazgan, 2007). The effects of noise in indoor studies have attracted the attention of many researchers and studies
have been carried out to determine noise levels and their effects on people in factories.

Yagmur (2016) conducted a study on the evaluation of the vibration and noise exposures of workers in flour
production and put forward some protective and preventive suggestions. In a study conducted by Génallu et al.
(2002), the sources that cause noise according to the types of processes at the different indoor industries were
defined and the equivalent sound pressure levels (Leq) were determined. Konuklar (2016) carried out a study to
determine the noise exposures of workers in weaving factories. Daily personal noise exposure levels of the
employees were determined with the task-based measurement strategy. Ege et al. (2003) carried out a study on
determining noise levels and evaluating their effects in textile factories. Ates and Alagdz (2018) measured sound
pressure levels (dBA) in a factory manufacturing agricultural machinery and evaluated their effects on workers
according to the relevant regulations. Ozgiiven (2012) determined the noise levels of some units (mixer, selector
and hammer feed crushing machine) used for post-harvest operations indoor and created noise maps.

In this study, task-defined noise level measurements were made by considering noise sources in tea factories,
daily noise exposure levels of employees were determined according to TS EN ISO 9612 standards, and the results
were evaluated, taking into account the varying activities within the factory. The current regulations and working
conditions were considered in the noise measurements made at the ear level of the employees and in the evaluation
of the results.

2. Material and Method

The study was carried out in three tea factories (F1, F2 and F3) in Artvin province. In the factories where the
measurements are made, all units were the same in terms of working principle. These factories consist of withering,
curling, oxidation, drying (boiler and stove) and classification units. In order to determine the measurement
strategy in the study, all factors (work, production, process, organization, employees, working time) that can
contribute to noise exposure were analyzed. When the daily noise exposure is composed of two or more periods
of noise exposure of different levels, their combined effect should be considered, rather than the individual effect
of each (OSHA, 2020). As a result of the analysis done with this approach, it was determined that the task-based
measurement strategy was suitable for the study and measurements were performed. According to the task-based
measurement strategy, all tasks performed by the employees within a working day were defined, the working time
of each task was determined precisely, and sound pressure level measurements were made for each task separately.

In the measurements, a SPL meter in Type-2 class complying with the requirements of IEC 61672-1: 2002 was
used. (TESTO 816-1). Calibration of sound level meter was performed by using Testo Schall IEC 60942 Class 2
calibrator complying with the of IEC 61672-1: 2002, which defines the SPL as 94 and 114 dBA. The measurements
of A weighted SPL (dBA) for all sub-tasks of the operators in each unit were conducted for about 5 min with three
replications at the ear levels of operators (ISO 9612:2009).

The measurements were performed by recording data every second and 300 values were obtained in each
repetition. Equivalent SPL (LAeq) values were calculated by Equation (1) using the obtained SPLs dBA. Durations
(Tm) for each task were determined by observing operators’ occupational activities in tea factories and
interviewing them.
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Ly aeqr.m = 10log E 2;1 100'1"LP,A.94T.mi] (Eqg. 1)
where;
Ly aeqrmi - LAeQ for task m, dBA
i : Task sample number
| : Total number of task samples
m : Task number

Equation (2) was used to calculate the relative contribution of each task to the daily personal noise exposure
levels of operators according to the task-based measurement strategy specified in the EN 1SO 9612 standard, using
the Laeq values determined by Equation (1) and effective duration of each task in the working day.

Lexsnm = Lp acqrm +10l0g [ 2] (Eq. 2)
Where;
Lex ghm . Laeg for task m contributing to the daily noise exposure level, dB(A)
T : Effective duration of the working day for task m, h
T, : Reference duration, 8 h

Daily personal noise exposure levels were calculated with Equation (3).

Lex.an = 10log [Z:JT—’: 1001%Lp.cqrm (Eq. 3)
Where;

Ly gn : Daily noise exposure level normalized to nominal 8 h working day, dBA

M : Total number of tasks

In the study, factory and production unit-based comparisons and evaluations were made considering the noise
parameters measured and calculated. The parameters were summarized with charts and graphs, including standard
deviation values. The possible effects of daily noise exposure values on operators were evaluated and discussed by
considering Directive 2003/10/EC of the European Parliament and of the Council (minimum health and safety
requirements regarding the exposure of workers to the risks arising from physical agents).

3. Results and Discussion

In the present study, it was determined that the equivalent continuous sound pressure level (Leg) in factories
ranged from 79.65 to 84.48 dBA and the daily exposure level (LEX) ranged from 75.73 to 79.45 dBA. When the
Leg, Lmax @and Lex values determined for three factories are examined, it is seen that the values between factories
are close (Table 1). Considering the averages of each unit for three factories, it was determined that the Leq values
in the units of factories varied between 76.75 dBA and 86.81 dBA, and the Lex values varied between 73.55 dBA
and 83.10 dBA (Table 2).

Curling units have the highest Leq (86.81 dBA) and LEX value (83.10 dBA) compared to other units, while
boilers have the lowest Leq (76.75 dBA) and Lex value (73.55 dBA). In the curling units, cleaning process is carried
out with compressed air for duration of 1 hour at randomized times. During the cleaning process, an average of
98.42 dB (A) Leq and 94.62 dB (A) Lex values were determined. These values can be explained as the most
important reason for the high noise parameters in the curling unit. Employees of the boiler unit spend most of their
time in the boiler room, and in case of necessity, they leave to control the boiler. Therefore, the noise parameters
determined for the boiler unit were found to be the lowest (Table 1, Figure 1).
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Table 1.

Tablo 1. Fabrikalarda Unitelere ait Leg, Lmax Ve Lex degerleri

Leg, Lmax and Lex values of units at the 3 factories

Noise parameters of the factories, dBA

Units F1 F2 F3
Leq Lmax Lex Leq Lmax Lex Leq Lmax Lex
Unloading 80.92+0.37  99.7016.36 73.53+0.37 84.88+0.31 95.50+3.50 79.37+0.31 81.12+6.34 89.97+1.86  74.6316.34
Withering 70.00£0.98  86.17+5.06 67.59:0.98 87.83:6.56 94.20+3.48 82.39t6.56 78.17+0.57 86.50+4.20  71.400.57
Curling 84.70£2.09  91.47+1.05 86.57+2.09 89.44+0.45 95.47+1.90 83.68+0.45 86.28+0.32 93.03+3.44  79.06x0.32
Oxidation 82.36+0.17  89.40+0.26 77.05+0.17 81.37+2.94 90.03+4.63 76.66+2.94 84.11+0.35 90.27+0.32  79.16%0.35
Boiler 79.23+3.99  92.57+3.06 75.98+3.99 78.04+2.72 93.10£3.47 74.82+2.72 72.98+3.11 95.57+1.30  69.85#3.11
Oven 82.81+0.22  89.63+1.77 77.49+0.22 85.43+0.90 93.27+2.76 80.04+0.90 84.32+1.64 91.77+1.37  77.56+1.64
Classification 77.51+1.21  92.03x3.07 71.94+1.21 84.40+1.13 91.23+1.00 79.17+1.13 79.37+0.91 86.63+3.31  73.03+0.91
Averaged 79.65+1.29  91.57+2.95 75.73+1.29 84.48+2.14 93.26+2.96 79.45+2.14 80.91+1.89 90.39+2.26  74.96+1.89
Table 2. Averaged Leg, Lex and Lmax levels of factories in production units, dBA
Tablo 2. Unitelerin ortalama Leq, Lmax Ve Lex degerleri
Units Leq Lex Lmax
Unloading 82.31+2.34  75.84+3.10 94.72+5.41
Withering 78.67+2.70  73.80£7.69  88.96+4.54
Curling 86.81+0.95  83.10£3.79  92.51+0.90
Oxidation 82.61+1.15  77.62+1.35  89.90+0.45
Boiler 76.75+£3.27  73.55%£3.26  93.74+1.60
Oven 84.19+0.92  78.36+1.45  91.56+1.83
Classification 80.43+1.08  74.71#3.90  91.38+4.45
120.00
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T _ - - = = -
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0 60.00
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40.00
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Sekil 1. Fabrikalarm ortalama Lmax, Leq Ve Lex Seviyeleri
Figure 1. Averaged Lmax, Leq and Lex levels of the factories

Classification

Lmax, Leq and Lex parameters are generally determined in the studies conducted on the assessment of noise
levels in the workplace and evaluations are made considering these values. Considering Lmax Values in evaluating
the effects of noise on people at workplace will not give realistic results. This value, which expresses the highest
(peak) SPLs among the values recorded during the measurement period, may vary depending on various external
factors (people's shouting, phone conversation, hammer drop, etc.). Even the equivalent SPLs are not sufficient to
evaluate the effects of noise. In order to evaluate the effects of ambient noise on workers, daily personal noise
exposure levels (Lex) calculated using the equivalent SPL and durations exposed should be considered. The
maximum noise level to which employees are permitted to be exposed within a working day (exposure action
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values) specified in the noise regulations refers to the daily personal noise exposure value (Lex). In other words,
the noise exposure limits have been determined considering the Lex values. When the literature is examined, it is
possible to come across many studies in which the effects of noise on persons are evaluated only by determining
Leg and Lmax values. In some of these studies, the equivalent SPLs determined have been incorrectly compared
with the noise exposure limits specified in the regulations. This approach is like comparing apples and pears. In
order to assess whether the employees work in accordance with the noise regulations, it is necessary to determine
the daily personal noise exposure levels of the employees. Thanks to this approach, the effects of measured ambient
noise on employees can be evaluated more accurately and adequate noise control measures can be effectively taken.
In tea factories, operators have 1 to 3 hours breaks within a working day. Approximately 0.5 hour of this period is
used for eating, and the rest is used for resting, toilet, smoking and similar needs (Table 3).

Table 3. Working and resting durations of employees, hour
Tablo 3. Unitelerde ortalama ¢calisma, dinlenme ve yemek siireleri, saat

Working time Resting Lunch
Unloading 4.67 2.83 0.5
Withering 5.67 1.83 0.5
Curling 5 2.5 0.5
Oxidation 5.83 1.67 0.5
Boiler 7.5 - 0.5
Oven 6 15 0.5
Classification 5.67 1.83 0.5
Averaged 5.76 1.74 0.5

The Leq values determined in the dining halls of the F1, F2 and F3 coded factories are 68.86 dBA, 83.28 dBA
ve 69.23 dBA, respectively. The fact that the resting areas are close to the working environments and that the
employees cause noise in the resting areas (talking loudly, listening to television loudly, not closing the door, etc.)
may cause changes on these values. A short duration spent in a less noisy ambiance can significantly reduce the
employee's personal daily noise exposure level. For example, at the oven unit of F1 coded factory, the Leq value
was determined as 82.81 dBA, however the Lex value of the operator, who had a 2-hour break, was calculated as
77.49 dBA.

The noise, which is one of the most important detrimental factors affecting the employees’ carelessness,
tiredness, and working capacity, should be reduced to safety limits (Stimer et al., 2006). Therefore, the noise
control measures are of great importance in a workplace to protect the health of employees. The best way to reduce
noise is to completely enclose its source, which is called “engineering control” (Kroemer, 2017). Another way of
effective engineering control to reduce the noise exposure is isolating the operator from the noise source using an
acoustically designed cab or barrier (Slimer et al., 2006). “Management controls” is another effective way to reduce
noise exposure, such as regulating duration and frequency of breaks and limiting worker exposure (Harris, 1991).
The last way, which is an alternative to reduce the noise exposure, is the use of personal protective equipment
(PPE). This way is also called “temporary measure”. The two basic types of hearing protection are the earmuffs
and earplugs. These PPEs can reduce the sound levels by 15-30 dBA. Earmuffs usually provide better hearing
protection than earplugs. Earplugs are also effective, but they may become irritating inside the ear and often are
not inserted correctly, making them ineffective (Wilkinson, 2002). It was observed that none of the tea factories
examined had any noise control to reduce noise.

Noise will continue to adversely affect human health, in physiological, physical and psychological context,
unless necessary precautions are taken. Many acoustic studies report that different noise levels have an impact on
employees, such as cognition, decision making, learning, calculation and hand-eye coordination (Sabanci and
Siimer, 2015; Thatcher and Yeow, 2018). Thus, the noise has negative effects on the employees in terms of
occupational health and safety, and it can also decrease the productivity of employees.

In the hearing loss classification of WHO (World Health Organization); it has been reported that prolonged
exposure at 41-60 dB intervals causes hearing loss, 61-80 dB intervals can cause severe hearing loss. Additionally,
it has been emphasized in the report that people working with loud machinery in industry or road construction
must use PPE. Moreover, many acoustic studies reported that the noise will continue to adversely affect human
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health not only physically, but also in a physiological and psychological context, unless necessary precautions are
taken. Serin and Akay (2008) stated that noise exposures in the range of 66-85 dBA have disturbing psychological
effects in addition to hearing loss. In another study, Sakarya (2016) reported that exposures between 65-90 dBA
caused physiological reactions on workers such as increase in blood pressure, increase in heart rate and breathing,
decreased pressure in brain fluid. Noise exposure has also been identified as a risk factor for cardiovascular disease
(Basner etal., 2014). In humans, several studies have shown that the noise causes mainly blood pressure elevation,
changes in heartbeat and irregularities in breathing (Von Grandjean 1959; Andren et al., 1980). Toprak and Aktirk
(2004) stated that noise reduces work efficiency for white-collar and blue-collar workers by 60% and 30%,
respectively. Grandjean (1988) informed that the reductions in working performance began in 50-60 dBs
according to laboratory studies. Noisy workplaces can inhibit speech communication, mask warning signals,
reduce mental performance, induce nausea, headaches, and tinnitus (ringing in the ears), cause temporary or
permanent deafness (Corlett and Clark, 2009). Exposure to noise can also lead to annoyance and stress, which can
affect the mental wellbeing of workers and the general population. Studies of occupational stress have found that
that noise exposure can be a contributor to worker stress and annoyance depending on the type of work being
performed (Melamed et al., 1997; Leather et al., 2003).

As can be seen, the effects of noise on employees' health and work efficiency have been revealed by various
studies. However, regulations regarding the limitations of noise in the workplace have been done considering the
physical effects on people. This effect has been emphasized in most scientific studies conducted.

There are many regulations that specify the permissible noise levels in the workplace. Noise in the workplace
in Europe is regulated by the EU Directive 2003/10/EC, and in the United States by OSHA (Occupational Safety
and Health Administration) 29 CFR (Code of Federal Regulations) 1910.95 Hearing Conservation Standard. There
are also countries with stricter national regulations than those specified in EU and OSHA. According to EU
regulations, the noise exposure should not exceed the exposure limit (87 dBA) during the length of a working day
(8 hours) to protect employees from suffering deafness. Employers are required to take certain steps to reduce the
harmful effects of noise on hearing. There are two main action levels that guide these steps: lower exposure action
value (Lex, sn) 80 dBA, upper exposure action value (Lex, sn) 85 dBA. The lower exposure action value is a daily
or weekly average noise exposure level of 80 dBA, at which the employer has to provide information and training
and make hearing protection available. The upper exposure action value is set at a daily or weekly average noise
exposure of 85 dBA, above which the employer is required to take reasonably practicable measures to reduce noise
exposure, such as engineering controls or other technical measures. The use of PPE is also mandatory if the noise
cannot be controlled by these measures (European Parliament and of the Council, 2003).

According to the results of the present study, employees work at noisy conditions below the lower exposure
action value (daily, 8 hours) in all units except the curling unit at the factories. The effects of noise on employees
vary not only depending on SPL but also on the duration of exposure (Sabanci et al., 2012). It has been determined
that tea factories have the potential to adversely affect operators' health and work efficiency, as the works is
performed at long exposure times and high SPLs. In a study conducted by Yildizlar (2018) in a tea production
plant, it was reported that the measured equivalent SPL (Leq) values ranged between 80 and 92 dBA, and 66% of
512 employees suffered hearing loss. However, in this study, the Lex values required for evaluations in
consideration of the regulations were not determined. In the present study, while the equivalent SPLs indoor areas
of factories ranged from 70 to 89 dBA. When considered the Leq values reported by Yildizlar (2018), it is seen that
all employees face a similar risk in the tea factories evaluated.

In the present study, besides the noise in tea factories, it has been observed that the precautions taken for employees'
health and safety are almost nonexistent. In addition, the awareness of employees regarding occupational health and
safety is quite low and they are uneducated in this regard. So, it can be considered as they have performed the works,
with very low risk perception.

4. Conclusion

It was concluded that the health and work efficiency of the employees were adversely affected at the production
activities in the tea factories, considering various research results and EU Regulations on noise. The duration and
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conditions of the breaks in the daily activities of the employees had an impact on the LEX values. The directives on
noise control state that employers are responsible for applying engineering and management controls of noise to
minimize risks and providing employees with PPE if the upper daily noise exposure action level is exceeded. In the
tea factories evaluated, these measures have not been taken, and therefore it is likely that hearing loss will occur in
employees. Moreover, physiological, and psychological effects may cause serious disturbances. Along with the effects
of noise on human health, effects such as preventing speech and masking warning signals will not only decrease the
work efficiency of employees but also increase the risk of accidents. The implementation of engineering controls in
tea factories is not easy, and sometimes impossible, considering the functions of machinery and the continuity of
production. However, the applicability of management controls is high, such as providing a lunchroom isolated from
noise and encouraging employees to eat at this area. In addition, apart from lunch break, periodic breaks can be arranged
in areas with lower SPLs. As for the use of PPE, officials in the factories stated that the communication of employees
with each other was important for process and malfunction checks, and that PPE use could prevent production
continuity by reducing intercommunication and ability to hear sounds associated with malfunction. The use of
Earmuffs with Microphones could be a good option to reduce noise exposures of employees and improve the
communication between them.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kurak ve Yar1 Kurak Bolgelerde Tuzlu ve Sig Yeralti Sularindan Etkilenen Meralarda
Baz1 Yem Bitkilerinin Performanslari

Performances Of Some Forage Crops In Pastures Affected By Salty And Shallow Groundwater
In Arid And Semi-Arid regions

Baris BAHCECIY, Ali Fuat TARI? idris BAHCECI?
Ozet

Bu caligmada I¢ Anadolu'nun yiiksek su tablasina sahip tuzlu topraklarinda dogal kosullarda yetistirilen 4 yem
bitkisi ile 2 y1l boyunca bir saha denemesi gerceklestirilmistir. Deneyde kullanilan yem bitkileri (A) Agropyron
elongatum, (B) Festuca elatior (C), Puccinellia distans (D), Lotus strictus ve bunlarn ii¢li karigimlaridir.
Topraklarm kireg icerigi yiiksek ve asir1 tuzlu, alt katmanlarda tuz igerigi diistik olup, topraklarin sodyum sorunu
yoktur. Sulamalarin yapildig1 yeralti suyunun tuz konsantrasyonu 3.10-2.95 dS m arasinda degisirken, toprak
tuzlulugu yetisme mevsiminde artmis, kis doneminde ise azalmistir. Su tablasi seviyesi ise, kis doneminde
yiikselirken yaz déneminde diismiistiir. Denemenin ilk yilinda en yiiksek yas ot verimi 9.766,0 ton ha? ile A.
elongatum, ikinci yil ise 14.265,0 ton ha* ile L.Strictus parsellerinden elde edilmistir. Kuru ot verimlerinde de
aym sekilde bu iki gesit ilk siray1 almustir. Iki yillik ortalama yas ot verimleri géz dniine alinca hektara 9.141,0
ton ot verimi ile L.Strictus ilk siray1 alirken, A.elongatum 7.448,0 ton ile ikinci siray1 almistir. Kuru ot verimlerine
gore A.clongatum 2.943,0 ton ile ilk sirada, L.Strictus 2.349,0 ton ile ikinci sirada yer almistir. Cesitlerin yas ve
kuru ot verimleri arasinda her iki deneme yilinda da istatistiksel anlamda 6nemli (P<0.01) fark bulunmustur. Kuru
ot verimleri ile yapilan Duncan testi sonuglarina gore; ilk yil A.elongatum 1. grubu, diger konular ikinci grubu
olusturmustur. ikinci y1l L.strictus tek basina birinci (a), A+B+D ve B+C+D karigimlari ikinci (b), A. Elengatum
ve (A+B+D) karisimu tigiincti (be) ve F.elatior ve P. distans dérdiincii (¢) grubu olusturmustur. Elde edilen sonuclar,
kurak ve yar1 kurak bélgelerde tuzlu taban suyunun etkisi altindaki ¢ayir-mera alanlarinda, topraklar 1slah edilene
kadar gececek siire iginde, bu topraklar1 degerlendirmek amaciyla yapilacak ilk islemlerden birinin, yore
kosullarina uygun yem bitki tiirii ve karigimlartyla yapay mera olugturmanin dnemli yararlari olacagini gostermistir.
Tesis edilen meralarin en az ii¢ kez sulanmasi halinde, mera tesisinde A. elongatum, P. distans ve L.Strictus
karisimi yore igin iyi bir yapay mera karigimi oldugu anlasilmistir. Karigimdaki baklagil tiirlerinin, tohumla
kendini yenileme yetenegi nedeniyle, yapay merada verimliligin siirdiiriilebilirligi agisindan goéz Oniinde
bulundurulmalidir
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Abstract

In this study, a field trial was conducted for 2 years with 4 forage plants grown in natural conditions in the salty
lands of Central Anatolia with high-water tables. The feed plants used in the experiment are (A) Agropyron
elongatum, (B) Festuca elatior (C), Puccinellia distans (D), Lotus strictus, and their triple mixtures. Soils have
high lime content and excessively salty, low salt content in lower layers, no sodium problem. While the salt
concentration of the groundwater, where irrigation is done, varies between 3.10-2.95 dS m%, soil salinity increased
during the growing season and decreases during the winter period. The level of the water table increased in the
winter while it decreased in the summer. In the first year of the experiment, the highest green grass yield was
obtained from A. elongatum with 9.766,0 tons ha%, and in the second year from L. Strictus parcels with 14.265,0
tons ha-1. Likewise, these two varieties took first place in hay yields. Considering the average green grass yield
of two years, L. Strictus took first place with 9.141,0 tons per hectare, while A.elongatum took place the second
place with 7.448,0 tons. According to hay yields, A.elongatum ranked first with 2.943,0 tons, L. Strictus ranked
second with 2.349,0 tons. A statistically significant difference (P <0.01) was found between the green grass and
dry grass yields of the cultivars in both trial years. According to Duncan test results made with dry grass yields,
A.elongatum 1st group in the first year and other subjects formed the second and third group. In the second year,
L.strictus alone formed first (a), D and G mixtures second (b), A. elongatum and E mixture third (bc), and F. elatior
and P. distans fourth (c) group. The results obtained have shown that in the areas under the effect of saline
groundwater, one of the first works to be done in the period until the soils are rehabilitated or to evaluate these
soils, will be important benefits of creating artificial pastures with forage plant species and mixtures suitable for
local conditions. The mixture of A. elongatum, P. distans, and L. Strictus in the pasture facility was found to be a
good artificial pasture mixture for the region. Due to the ability of the legume species in the mixture to renew
themselves with seeds, it should be taken into consideration in terms of the sustainability of fertility in the artificial
pasture. On the other hand, the high crude protein content of legumes will increase the nutritional value of mixtures.

Keywords: Agropyron elongatum, Festuca elatior, Puccinellia distans, Lotus strictus, groundwater
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1. Giris

Kurak ve yan kurak bolgelerdeki diiz arazilerle, kiyilardaki aliivial ovalarda degisik nedenlerle yiiksek su
tablas1 ve tuzdan etkilenmis ¢orak topraklar genis alanlar kaplamaktadir. Diisiik ve kalitesiz ot verimine sahip bu
tip meralar ve ¢iplak araziler diinyada kii¢iimsenmeyecek boyutlardadir. S6z konusu meralar asir1 otlatma, erozyon,
drenaj ve coraklik gibi olumsuz etkenlerle bozulmakta ve ot verimi giderek azalmaktadir. Dogal kaynaklarin
yonetimi agisindan tuzlulugun kontrolii; arazilerin etkili bir sekilde kullanimini ve {iretimin stabilitesini saglama
yoéninden 6nem arz etmektedir (Temel ve ark.,2015).

Deginilen 6zelliklere sahip araziler Konya kapali havzasinin degisik bolgelerinde oldukga yaygin olarak
bulunmaktadir. Yiiksek su tablasi ve asir1 tuz nedeniyle, bu araziler, bitki gesitliligi azalmig ve dogal bitki 6rtisi
besin degeri diisiik, hayvanlar tarafindan sevilmeyen gorakgil-halofitik bitkilerin egemen oldugu diisiik ot verimine
sahip kalitesiz meralar haline gelmistir.

Tiirkiyede 1.5 milyon hektar coraklik sorunu olan arazilerin yaklasik 325.000,0 hektar1 Konya kapali
havzasindadir. Uzun yillardir mera olarak kullanilan bu gorak arazilerde agirlikli olarak Carex ve Juncus gibi,
hayvanlar tarafindan sevilmeyen eksi bitkiler egemendir.

Bitki cesitliliginin ¢ok sinirli oldugu bu arazilerin dogru yonetilmesi halinde meraya dayali hayvancilik
siirdiiriilebilir bir hale gelebilir. Hayvanciligin mera besiciligine dayandig1 bir¢ok iilkede bu tip arazilerde tuza
dayanikli yem bitkileri ve karisimlarinin yetistirilmesi ile ot verimi artirilarak, meraya dayali hayvancilikla ucuz
ve giivenli gidaya ulasilmasi amaglanmaktadir.

Tuzlu topraklar 1slah edilseler bile, topraklarin fiziksel 6zelliklerinin diizelmesi i¢in belli bir siirenin gegmesi
gerekmektedir. Bu donemde 6n bitki olarak yetistirilecek bazi tuza dayanikli yem bitki ve karigimlari topragin
fiziksel 6zelliklerinin iyilesmesine ve ¢iftlik gelirine katki saglamaktadir (Dieleman, 1973). Tuzluluk problemi
bulunan alanlarin, 1slah edilerek tarimda tekrar kullanilabilir hale getirilmesinin zaman alici ve oldukg¢a pahali
yoOntemler olmasi, tuza dayanikli ve ayn1 zamanda ekonomik olarak yetistirilebilecek bitki tiir ve ¢esitlerinin
belirlenmesini zorunlu kilmaktadir (Deliboran ve Savran, 2015).

Anadolu’da tuzlu gollerin ve ¢orak topraklarin yaygin olmasi nedeniyle halofitlerin 6nemli oldugu (Birand,
1961), Akhazari ve ark., (2012), Ashkan ve Jalal, (2013), Kusvuran ve ark., (2014 a, b) artan tuzlulugun bitki
boylarinin azalmasina neden oldugu, taban suyu yiiksek arazilerde ot verimi yiiksek kaliteli yem bitkileri, yerlerini
carex ve juncus gibi eksi bataklik bitkilerine biraktigi, dogal meralarin %70’ inin ortalama kuru ot veriminin
yaklagik 200 kg ha'* gibi ¢ok diisiik oldugu bildirilmistir (Tosun, 1967).

A. Elongatum, diger Agropyron tiirlerine gore tuzluluk kosullarindan daha az etkilenir, morfolojik agidan
tuzluluk kosullarina daha uyumlu olup, i¢ Anadolu'nun tuzluluk sorunu olan meralarinda dogal olarak yetisebilir.
Diger bitki tiirlerinin yetismedigi yiliksek tuzluluk seviyesinde, yiizde 50 verim kayb1 ile bir verim verir (Kog ve
Acar, 2017). Cakmakg1 ve Dallar (2019) tuz stresinin tarimsal 6zellikler iizerine etkisinin saptanarak, lireticinin
bilgilendirilmesinin, daha kaliteli ve verimli iiretim yapilmasim1 ve ekonomik agidan da iireticiye yarar
saglayacagini bildirmistir.

Sayilan ¢aligmalar tuzlu kosullarda uygun bitki tiir ve gesitleri secilerek yetistirilmesi ile verimsiz meralarin ot
veriminin artirtlabilecegi ve erozyon gibi olumsuz kosullarin ortadan kaldirilabilecegini gostermektedir.
Dolayisiyla, bu ¢alisma, kurak ve yar1 kurak bolgelerde yaygin olarak bulunan, sig ve tuzlu su tablasi etkisi
altindaki meralarin ot kalitesini ve verimini artirmak, dolayisiyla bu arazilerden en ekonomik yarari saglamak igin,
yoreye uygun, tuza dayanikli yem bitkisi ve karisimlarini belirlemek amaciyla yiiriitilmiistiir.

2. Materyal ve Metot

2.1. Deneme yeri

Aragtirma alan1 Konya ovasindaki tuzlu ve yiiksek su tablasina sahip arazilerdir (Sekil/ 7). Bu araziler ovanin
degisik yerlerinde, 6zellikle Tuz Go6lii gevresinde olmak iizere, Aslim meralarinda, Karapinar ve Eregli ovalarinda
ve Hotamis Golii gevresinde yaygin olarak bulunmaktadir.
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Toprak Ozellikleri; deneme yeri topraklart orta derinlikte ve diiz araziler olup, topraklar hidromorfik biyiik

toprak grubuna girmektedir. Ust toprak siltli tin, alt toprak silt biinyeli olup organik maddece zengindir. Kireg

icerigi yiiksek ve agir1 tuzlu, alt katmanlarda tuz igerigi diigiik olup, topraklarin sodyum sorunu yoktur (Tablo 1).
Su iletkenligi list katmanlarda orta, alt katmanlarda orta-yavag grubundadir.
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Sekil 1. Arastirma yerinin cografi konumu (Meester, 1970)
Figure 1. Geographical location of the research site

Tablo 1. Deneme yeri topraklarinin baz: fiziksel ve kimyasal ézellikleri
Table 1. Some physical and chemical properties of the trial site soils

Toprak Biinye pH EC Kireg Organik
derinligi madde
Kum Silt, Kil dS m? % %
% % %
0-30 18.6 711 10.3 Siltli tin 7.7 17 325 4.35
30-60 4.20 86.0 9.8 Silt 7.5 13 47.1 2.90
60-90 11.6 85.2 8.25 Silt 7.7 6 61.5 2.56

2.2. Sulama suyu

Sulama suyu olarak yoredeki yeraltt sular1 kullanilmistir. Anilan su asir1 tuzlu olup, magnezyum, sodyum ve

kalsiyum konsantrasyonlar1 birbirine yakindir. Anyonlardan siilfat ve klor baskindir. SAR degeri 3.25 olup sodisite

yaratma potansiyeli diigiiktiir (Tablo 2).

Tablo 2. Sulamada kullanilan yeralti suyunun ézellikleri
Table 2. Properties of groundwater used in irrigation

EC Katyonlar meq I Anyonlar, meq I Toplam  SAR
dS mt Na K Ca Mg COs HCO3 Cl SO,
4.21 131 0.2 12.0 20.7 . 9.2 1552 213 459 3.25

SAR, sodyum adsorpsiyon orani

2.3 Iklim

Konya ovasi karasal iklim 6zelligi gdstermekte olup, yazlar kurak ve sicak, kislar ise kar yagisl ve soguktur.

Yillik sicaklik ortalamasi 11.6, y1llik yagis 320.0 mm ve ortalama oransal nem %63’tiir. Deneme siiresince birinci
yil 386.0 mm, ikinci y1l 277.8 mm yagis diiserken Temmuz, Agustos aylarinda, buharlasma 1.171,0 mm ve 1.243,0
mm ve sicaklik ortalamalar1 11.1°C ve 10.5 °C olmustur.
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2.4. Ydontem

Deneme 4 yinelemeli, tesadiif bloklari deneme deseninde ydiriitilmiistiir. Deneme konular1 4 yem bitkisi ve
bunlarn ti¢lii karigimlarindan olusan, 3 konu ile birlikte 7 konudan olusmustur. Bunlar;

Ac:Festuca elatior, B:Agropyron elangatum, C: Puccinella distans D: Lotus sitrictus
E:A+B+D, F:A+C+D, G: B+C+D’den olusmaktadir.
Deneme parsel 6lclleri ekimde 3.5x6 =21 m?, hasatta 2.80x5 =14 m? olacak sekilde kurulmustur.

Denemede kullanilan bitkilerin ézellikleri

Denemede Konya cevresindeki yiiksek su tablasi altindaki Aslim arazilerinde yetisen dogal bitki drtiisiinde yer
alan, Agropyron elongatum, Festuca elatior, Puccinellia distans ve Lotus strictus kullanilmstir (Sekil 2).

Puccinellia distans Lotus strictus
Figure 2.Plant species used in the experiment.
Sekil 2. Denemede kullanilan bitki ¢esitleri
Agropyron elongatum; Yiiksek otlak ayrigi, ¢ok yillik, yumak olusturarak biiyiiyen sert iklim kosullarina ve
kurakliga oldukg¢a dayanikli, her tiirlii toprakta ekimi yapilabilen, tuzlu topraklarda yetisebilen uzun boylu iri
tohumlu yem bitkisidir. Yiiksek otlak ayrigi ¢ok ¢abuk kalinlagir ve ot kalitesi diiser. Bu nedenle, ot i¢in erken
basaklanma devresinde bigilmesi gerekir. Tohum i¢in basaklarin olgunlagma devresinde bigilerek harmani yapilir.

Festuca elatior; Yiiksek cayir yumagi, tuza dayanikli, 40-60 cm boy alan, ¢cayir yumagi da denilen bugdaygil
yem bitkisidir (Tosun, 1974). Cok kardesli demetler 30 cm ¢apinda, yukari dogru dik olarak biiyiiyen, boylar1 20
cmila I metre arasindadir. Yapraklar kivrilms, silindirik yaprak kinli, kenarlar kesik ve yapragin alt yiizeyi parlak
renklidir. Cicekler kendine 6zgiin, ¢cok sayidaki genis ve uzamig basak¢ik daginik bir sekilde biraraya gelerek
bilesik salkimlari olusturur.

Puccinellia distans; Corak ¢imi de denen, tuza dayanikli salkim basakli yesil renkli bugdaygil ¢ayir yem bitkisi
olup (Werner ve Senghas, 1973), 5-40 cm boyunda demetsi govdeli, otsu bitki 6zelliklerine sahip, Tiirkiye’ye
ozgiidiir. ¢ Anadoludaki tuzlu gdllerin etrafindaki yari bataklik alanlarda yaygindir. Genellikle kumlu tin, siltli
tinli, tinlt biinyeli topraklarda yetismektedir. Tuzlu alanlarda otlatma agisindan 6nemli olup, kuvvetli kok sistemi
ile erozyon 6nleyici 6zelligine sahiptir.

Lotus strictus; Liifer otu da denen tuza dayanikli, sar1 ¢igekli, 50-100 cm boy alan ve ¢ok dallanan baklagil
yem bitkisidir (Kyell Vist, 1971). Tiiysiiz, sadece tist kisimda kisa tiiylii ¢ok yillik, alt kisimda dik, kalin, odunsu,
Temmuz-Agustos aylarinda ¢icek agan, semsiye benzeri ¢igek salkimina sahip, Agustos-Eyliil aylarinda tohum
baglayan ¢ayir mera bitkisidir.
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2.5 Islemler

Toprak hazirligi; Denme yeri doner kulakli pullukla siirilmiis, rotovatdr ile tohum yatagi hazirlanmis ve
sonbaharda ekim yapilmistir. Ekimler 10 sira halinde ve 35 cm sira araliginda, Tohum miktarlar hektara, Festuca
elatior 30, Agropyron elangatum 25, Puccinella distans 20, L. strictus 30 kg olup, karisimlarda bugdaygiller %35,
baklagiller %30 oranlarinda kullanilmigtir. Ekimden 6nce hektara 40 kg N, 100 kg P2Os verilerek tirmikla topraga
kanstirilmistir.

Sulamalar; yaz doneminde deneme parselleri yeralti suyu ile 3 defa yiizey sulama yontemi ile sulanmistir. Her
sulamada 80-100 mm su verilmistir.

Su tablasinin izlenmesi; Deneme alaninda 3 noktadan 30 ve 60 cm derinliklerden toprak &rnekleri alinarak
toprak tuzlulugunun degisimleri izlenmistir.

Hasat; Bitkiler otlatma olgunluguna, Festuca elatior ve Agropyron elangatum 20 cm, Puccinella distans ve
Lotus sitrictus 15 cm uzunluga ulastiginda bigilerek yas ve kuru ot agirliklar belirlenmistir. Karigimlarda
baklagillerin olgunlagsmasi dikkate alinmistir. Kurutma iglemi 65 °C’de sabit agirliga ulaginca tamamlanmistir.

3. Arastirma Sonuclar1 ve Tartisma

3.1. Taban suyu ve toprak tuzlulugu

Deneme alaninda su tablasinin dalgalanmasi, 2 metre derinlikteki 3 gézlem kuyusunda izlenmistir. Gozlem
sonuglari, Sekil 3’de goriildiigii gibi olup, su tablasi kis aylarinda yiikselerek birinci y1l toprak yiizeyine 60, ikinci
yil 18 cm yaklasmustir. Bu durum fena drenaj kosullarini yansitmaktadir. Yaz doneminde birinci yil 161, ikinci y1l
125 cm derinlige kadar diisen su tablasi, Ekim ayindan itibaren tekrar yiikkselmeye baglamaktadir.

0 2 4 6 8 10 12
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= 80 no e °
g 120 4 e, s
.. e
200
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Figure 3. Fluctuation of the water table during the experiment
Sekil 3. Deneme alaninda yeralti su seviyesinin degisimi

Su tablas1 ikinci y1l subat ayinda 18 cm ile en yiiksek seviyede iken ilk baharda dalgali bir seyir izlemis ve
haziran aymdan itibaren diismeye baslayip, Agustos ve Eyliilde 125 cm derinlikle en diisiik diizeye inmistir.
Sonbaharda su tablas1 yiikselmeye baglamistir. Denemenin ikinci yilinda su tablasi seviyeleri daha yiiksek, ancak
ilk y1ldakine paralel seyretmistir. Su tablasi diizeyleri, her iki deneme yilinda da Agustos-Eyliil aylarinda en diigiik
diizeylere diismiistiir (Tablo. 3).

Tablo 3. Su tablasimin yil icerisinde alcalip yiikselmesi
Table 3. Fluctuation of the water table during the year

Aylar
Zama 11 12
n 1 2 3 4 5 6 7 8 9 10

Su tablas1 serinligi, cm
.Yl 128 62 60 100 81 72 114 146 161 145 115 88
2.Y1l 40 18 37 30 66 57 110 125 125 117 66 40

297



Bahgeci & Tart & Bahgeci
Kurak ve Yar1 Kurak Bolgelerde Tuzlu ve S1g Yeralt: Sularindan Etkilenen Meralarda Bazi Yem Bitkilerinin Performanslart

Bu durum, dogal meralarda, yaz kurakligi nedeniyle ot veriminin azalmasi ile sonuglanmaktadir. Onun i¢in
yaz doneminde yapilacak sulamalar biliylime déneminin uzamasini ve verimin Onemli Olgiide artmasini
saglamaktadir.

Taban suyu asir1 tuzlu olup, pH degeri 8.0, SAR degeri 3.25 dolayindadir. Bu SAR degerine gore, sodyumluluk
yaratma tehlikesi diisiiktiir. Yetisme doneminde yeralti suyu ile 3 sulama yapilmig olup, sulama dncesi ve sonrasi,
3 noktadan alman toprak drneklerinde tuz Slgiimleri yapilmigtir (Tablo. 4).

Sulama suyu siniflamasina gore C4S1 sinifina giren yeralt1 suyu sulamada kullanilmistir. Sulamalarin yapildig:
Temmuz ve Agustos aylarinda yeralt1 suyunun tuz konsantrasyonu 3.75-2.95 dS m™ arasinda degismistir.

Tablo 4. Taban suyunun tuz degerlerinin (EC, dS m™) aylara gére degisimi
Table 4. Change of salt values (EC, dS m™) of the ground water according to months

Aylar
1 2 3 4 5 6 7 8 9 10 11 12
290 375 345 245 275 325 310 295 295 225 240 225

Sulamalarin toprak katmanlardaki tuzlulugunun degisimi iizerine 6nemli bir etkisi olmamustir. Ikili
karsilagtirmalar sonunda T testi sonuglarina goére 30 cm derinlik igin p=0.26 ve 30-60 cm derinlik icin p
=0.81=>0.05 olup deneme Oncesi ve sonrasinda toprak tuzlulugundaki degisim 6nemsiz bulunmustur. Birinci
sulamada ti¢ 6rnekleme noktasinin sulama dncesi ve sonrasindaki tuz toplamlarinda 6nemli bir fark bulunmazken,
ikinci sulamadan sonra alman oOrneklerde tuzluluk azalma egilimi géstermistir. Sulama sonrasi Ust toprakta
tuzlulukta genellikle azalma, alt katmanda ise hem artis hem azalig goriilmiistiir (Tablo.5).

Tablo 5. Sulamalarin toprakta tuz degisimine etkisi, (EC, dS m™?)

Table 5. The effect of irrigation on salt change in soil (EC, dS m™)

Ornek Derinlik 1.Sulama 2. Sulama 3. Sulama

no cm Once Sonra Once Sonra Once Sonra

1 0-30 11.9 8.8 17.7 8.8 10.4 18.7
30-60 3.9 5.7 5.7 6.7 8.3 19.9

2 0-30 135 16.1 19.8 22.8 18.7 11.9
30-60 6.8 12.5 11.9 5.7 14.6 6.2

3 0-30 18.2 14.6 17.1 9.9 14.0 9.4
30-60 9.3 6.2 11.4 8.8 8.3 13.0

Sulamada kullanilan suyun tuzlu olmasi ve drenaj sisteminin olmamasi nedeniyle, yikama etkisiyle {ist topragin
tuz igerigi azalsa da, kisa siirede yeniden artarak 6nceki seviyesine ¢ikmugtir.

Toprak tuzlugunu izlemek i¢in 0-30 ve 30-60 cm derinliklerden her ay alinan 6rnekler, tist katmanin daha tuzlu
oldugunu gostermistir. Kis aylarinda tuzluluk degerleri, yaz aylarina gore az da olsa daha diigiik seyretmektedir.
Ust toprakta tuzluluk degisimi alt topraga gore daha fazla olup 8 ile 21 dS m™ arasinda degisirken, alt katmanda

ise daha diisiik diizeylerdedir. Tuz profili tipik olup taban suyundan tuzlanan topraklarin 6zelligini gdstermektedir
(Tablo. 6).

Denemenin ilk yilinda Eyliil ayinda 21 dS m™ ile en yiiksek diizeye ulasan toprak tuzlulugu, Kasim ve Aralik
aylarda 8.7 ve 9.2 dS m™ ile en diisiik diizeydedir. ikinci yil ise degiskenlik nispeten daha az olup 5.9 ile 16.5
dS m! arasinda degismistir (Sekil 4).

Goriildiigii gibi toprak tuz igerigi birgok kiiltlir bitkisinin yetigsmesini engelleyecek diizeyde yiiksektir. Bu
arazilerde besin degeri yiiksek tuza dayanikli yem bitkileri yetistirilmesi en karli segenek olarak géziikmektedir.
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Tablo 6. Deneme yerine iligkin toprak tuzlulugunun zamansal degisimi

Table 6. Temporal variation of soil salinity for trial site

Toprak Aylar
derinligi, cm 1 2 3 4 5 6 7 8 9 10 11 12
0-30 140 133 182 170 168 210 178 87 9.2
30-60 115 100 107 97 120 108 110 48 8.7
0-30 140 138 7.7 59 115 145 165 138 135 92 154 194
30-60 9.7 9.0 7.7 7.4 9.0 87 105 95 85 9.7 6.6 11.2
0-30 93 125 128 126 156
30-60 12.6 9.6 8.8 9.0 8.5
25 Toprak tuzlulugu
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Figure 4. Temporal change of soil salinity according to soil layers

Sekil 4. Toprak tuzlulugunun toprak katmanlarina gore zamansal degisimi

3.2. Cesitlere iliskin bazi ozellikler

Bitkiler otlatma olgunluguna gelince bigilerek yas ve kuru ot verimleri belirlenmistir. Karisimlarda bigimler
baklagillerin olgunlagmasi esas alinarak yapilmistir. Lotus strictus yilda tickez bigilmistir. Bicimler bitkiler
vejetatif gelismelerini tamamladiklarinda yapilmistir. Ciinkii bu donem ham protein oraninin en yiiksek oldugu
donemdir (Temel , 2018). Cesitlerin bicim zamanlari, boylar1 ve ham protein icerikleri Tablo 7’de verilmistir.
Bi¢im zamanlart 10 ila 30 Haziran arasinda olup bi¢im zamanlarindaki bitki boylari 20-70 cm arasinda degisirken,
ham protein oranlar1 bakimindan L.strictus’un %17.89 ile en yiiksek, F. Elatior’un %9.18 en diigiik ham protein
icerigine sahip oldugu goriilmiistiir.

Tablo 7. Cesitlere iliskin bazi gozlem ve olciimler

Table 7. Some observations and measurements regarding varieties

Bitki ¢esidi Bigim zamani Boy,cm  Ham protein, %
Festuca elatior 10-15 Haziran 50-60 9.18
Agropyron elangatum 10-15 Haziran 60-70 9.21
Puccinella distans 10-15 Haziran 20-25 12.75
Lotus strictus* 30 Haziran 50-60 17.89

*yilda 2-3

bicim

3.3. Cesit ve karisimlarin ot verimleri

Yapilan varyans analizi sonucunda denemenin her iki yilinda da bloklar arasinda istatistiksel anlamda fark
olmadig1, denemenin birinci yilinda ¢esit ve karigimlarin yas ot verimleri arasinda (p<0.05) %95, kuru ot verimleri
ile yapilan analizde ise %99 (p<0.01) olasilikla farklilik oldugu bulunmustur. En diisiikk ot verimi P.distans
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parsellerinden elde edilmesine karsin, karigimda yeraldigi G konusu 2.189 ton kuru ot verimi ile {igiincii sirada yer
almugtir.

Denemenin ilk yilinda hektara 9.766,0 ton en yiiksek yas ot verimi ile F.elatior 1. grubu (a), G konusu 5.074
ton ile (b) 2. grubu, B, C, D konular1 (bc) 3.grubu ve E konusu (c) 4.cii grubu olusturmustur. Ikinci y1l ise 14.265,0
ton ile L.Strictus’tan en yiiksek verim elde edilmistir. L.strictus’un veriminin ikinci yil yiiksek olmast tohumla
¢ogalma yeteneginden ileri gelmistir. Duncan gruplandirmasi sonucunda, D konusu 1. Grubu (a), G ve E konusu
2. grubu (b) ve A, B, C ve F konulari (bc) 3.grubu ve E konusu (c¢) 3. grubu olusturmustur.

iki yillik ortalama yas ot verimleri gbz dniine alininca hektara 9.141.0 ton ot verimi ile L.Strictus ilk siray1
alirken, A.elongatum 7.448,0 ton ile ikinci siray1, B konusu ve C konusu 3 ve 4.siray1 almistir. Kuru ot verimleri
ile yapilan Duncan testi sonuglarina gore ilk y1l A.elongatum 1. grubu diger konular 2. grubu olusturmustur. ikinci
yil sonuglaria gore L.strictus tek basina birinci (a), E ve G karisimlar ikinci (b), A. Elengatum ve F karigimi
tigiincii (be) ve F.elatior ve P. distans dordiincii (¢) grubu olusturmustur (7ablo 8, Sekil 5).

Kuru ot verimlerine gore 1.y1l A konusu (F.elatior), hektara 3.870 ton ile 1.grubu (a), F ve G konular 2. grubu
(b), B; C; D konular1 3.grubu (bc) ve E konusu (c) 4.grubu olusturmustur. ikinci yil ise D konusu (L strictus)
hektara 3.702 ton ile (a) 1.grubu olustururken, G ve E konusu 2.777 ve 2184 ton kuru ot verimi ile (b) 2.grubu, A
ve F konusu 3. grubu (be) ve B ile C konular1 4. grubu (c¢) olusturmustur.

Kuru ot verimlerinin ortalama degerlerine gore; A.elongatum 2.943,0 ton ile ilk sirada, L.Strictus 2.349,0 ton
ile ikinci sirada ve G konusu 2.189 ton ile {igiincii sirada yer almigtir (Tablo.8; Sekil.5).

Tablo 8. Deneme konularina iligkin yas ve kuru ot verimleri (kg ha') ile Duncan gruplar
Table 8. Grass and dry grass yields (kg ha*) and Duncan groups for trial subjects.

Konular Yas ot verimi Kuru ot verimi
1.Yil 2.Y1l Ortalama 1.Yil 2.Y1l Ortalama
A=F. elatior 9.766,0? 5.151,00° 7.448,0 3.870,0? 2.017,0¢ 2.943,0
B=A. elongatum 3.407,0°¢ 3.456,0% 6.431,0 1.416,0° 1.165,0¢ 1.290,0
C=P. distans 2.877,0%¢ 2.874,0% 2.875,0 1.180,00¢ 1.206,0° 1.197,0
D=L.strictus 4.017,0%¢ 14. 265,00 9.141,0 996,0°° 3.702,0° 2.349,0
E=A+B+D 1.041,0¢ 6.473,0° 3.757,0 448,0° 2.184,0° 1.316,0
F=A+C+D 3.200,0°¢ 3.708,0% 3.454,0 1.261,0° 1.215,00° 1.238,0
G=B+C+D 5.074,0° 6.428,0° 5.751,0 2.102,0° 2.777,0° 2.189,0
Ortalama 4.194,0 6.051,0 5.122,0 1.612,0 1.986,0 1.789,0
HYas ot Kuru ot,
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Figure 5. Average green grass and hay yields of varieties and mixtures
Sekil 5.Cegit ve karisimlarin ortalama yas ve kuru ot verimleri

Elde edilen sonuglara gore yapay mera dogal meraya gore verimi 3 ile 5 kat artirmistir. Yapay ve dogal mera’da
koyun yetistiriciligi ve ekonomisi lizerine yapilan bir ¢alismada koyun bagina 18 dekarlik dogal mera ¢ok az canli
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agirlik artis1 saglarken, koyun basina 4 dekarlik, A.elogatum, P.capillaris ve F.elatiordan olugan yapay mera en
ekonomik canli agirlik artig1 saglamistir (Ugar, 1982). Buna gore, yapay meranin, dogal mera’dan 5 kat fazla ot
verimi sagladig1 sOylenebilir.

Bu durum beslenecek hayvan sayisinin da 5 kat fazla olacagi anlamina gelmektedir. Cok yillik serin mevsim
tuzcul bugdaygillerden olan Puccinellia distans’in kurak iklimlere ve asir1 tuzlu-alkali toprak kosullarina uyum
saglayabildigi (Hughes, 1972; Brotherson, 1987; Scalia ve ark., 2009; Ali Ehsani ve ark., 2016), tuzlu ¢ayir-mera
alanlar igerisinde yayilmis olan bu bitkinin y1lda hektara 4 ila 10 ton arasinda kuru ot iirettigi (Warren ve ark.,
1994) ve lezzetli olan bu tiiriin (Shidaei ve Namati, 1978) genellikle koyunlar tarafindan tiiketildigi (Peng ve ark.,
2004; Robinson ve ark., 2004). Akhazari ve ark., (2012), Ashkan ve Jalal, (2013), Kusvuran ve ark., (2014b) artan
tuzlulugun bitki boylarinin azalmasina neden oldugu bildirilmistir (Acar ve ark., 2016).

Ayrica dogal mera vejetasyonu hayvanlar tarafindan sevilmeyen sert ve eksi bataklik bitkilerinden
olusmaktadir. Diger taraftan, karisimlardan olusan parseller digerlerine gore daha siireklilik gostermistir.

4. Sonug

Deneme sonuglarina gore kurak bolgelerdeki tuzlu tabansuyunun etkisi altidaki alanlarda, topraklar islah
edilene kadar gegecek stirede, bu topraklart degerlendirmek amaciyla kurak ve yar kurak, tuzlu taban suyu
kosullarinin egemen oldugu kosullara uygun tuza dayanikli yem bitki tiri ve karisimlariyla yapay mera
olusturmanin 6nemli yararlart oldugunu gostermistir. Bu uygulama ile ot veriminde 5 kata kadar artis
saglanabilecegi goriilmiistiir. Bu, ayn1 zamanda beslenecek hayvan sayisinin da artacagi anlamina gelmektedir.
Diger taraftan toprak ylizeyinin ¢im Ortiisiiyle kaplanmasi, riizgar erozyonunu ile toprak asimmim ve taginimi
Onlenmis olacaktir.

Yeralt1 suyu ile sulama yapilmasi bitki verimlerini, dogal meraya gore, 6nemli ol¢iide artirmis, toprak
tuzluluguna etkisi ise 6nemli olmamigtir. Deneme Oncesinde de tuzlu olan topraklarda deneme sonunda tuz
iceriginde 6nemli bir degisiklik olmamustir.

Tuzlu yeralt1 suyunun ytiksek oldugu mera arazilerinde A. elongatum, P. Distans ve L.Strictus ve karigimlarinin,
yapay mera tesisinde kullanilmasinin uygun oldugu anlasilmistir. Karigimdaki baklagil tiirleri, tohumla kendini
yenileme yetenegi nedeniyle, yapay merada verimliligin siirdiiriilebilirligi agisindan gézoniinde bulundurulmalidir.
Diger taraftan baklagillerin ham protein igeriginin yiiksek olmasi karisimlarin besleyicilik degerini artiracaktir.
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Garnem ve GF 677 lizerine Asili Seftali Bitkilerinde Demir Eksikliginden Etkilenen Stoma
Davranislart ve Fizyolojik Tepkiler
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Abstract

Iron (Fe) is a pivotal nutrient taking roles in respiration, photosynthesis and many plant metabolisms. Chlorosis
caused by Fe deficiency generally occurs in high pH environments and many fruit trees including peach are known
sensitive to iron starvation. Fe starvation declines leaf chlorophyll and carotenoid contents, supresses plant growth
and declines photosynthetic capacity. Iron deficiency induces responses in plants and different stomatal behaviors
and physiological alterations occur to sustain the increased iron uptake capacity of Fe-deficient plants. In this study,
the effects of iron deficiency on stomatal morphology and leaf physiological responses in peach variety Rich May
grafted onto Garnem and GF 677 rootstocks were investigated. Plants were exposed to Fe deficient conditions for
3 months. End of the experiment, many leaf and stomatal properties were evaluated. The highest decrease in plant
growth (relative growth rates of shoot diameter and length) induced by Fe deficiency was found in Rich May
grafted onto Garnem. SPAD and relative anthocyanin decreased by 52 and 70% in Fe deficient Rich May/Garnem
grafting combination. Decreases in SPAD and relative anthocyanin values were lower with GF 677. In GF 677,
LRWC decreased by 1.8% and membrane permeability increased by 10%. Fe controlled stomatal behaviors in
peach plants. Stomatal factors were found more sensitive to Fe deficiency in sensitive rootstock, Garnem. The
increment in stomatal and pore areas leaded increase in stomatal conductance. The damage by Fe depletion was
found higher in Garnem due to higher loss in SPAD, anthocyanin and increasing membrane permeability. Thus,
GF 677 can be used in peach orchards under Fe deficiency conditions.
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Ozet

Demir (Fe), solunum, fotosentez ve bitkilerin birgok metabolizmasinda rol alan ¢ok &nemli bir besindir. Fe
eksikliginden kaynaklanan kloroz genellikle yiiksek pH'li ortamlarda ortaya ¢ikar ve seftali dahil bircok meyve
agacinin demir eksikligine duyarli oldugu bilinmektedir. Fe eksikligi, yaprak klorofil ve karotenoid igerigini azaltir,
bitki biiyiimesini baskilar ve fotosentetik kapasiteyi diisiiriir. Demir eksikligi bitkilerde tepkilere neden olur ve
stomaya ait farkli davranislar ve fizyolojik tepkiler Fe eksikligi olan bitkilerin artan demir alim kapasitesini
siirdiirmek i¢in meydana gelmektedir. Bu ¢alismada Garnem ve GF 677 anaglarina asili Rich May seftali cesidinde
demir eksikliginin stoma morfolojisi ve yaprak fizyolojik tepkileri tizerine etkileri arastirilmigtir. Bitkiler, 3 ay
stireyle mineral eksikligi olan kosullara maruz birakilmigtir. Denemenin sonunda bir¢ok yaprak ve stoma ozelligi
degerlendirilmistir. Fe noksanliginda bitki biiyiimesinde (siirgiin ¢ap1 ve uzunlugunun nispi biiyiime oranlarinda)
en yiiksek azalis Garnem {izerine asili seftalilerde goriiliip, bununla birlikte yine Garnem anacina asili seftalilerde
SPAD ve nispi antosiyanin % 52 ve % 70 oranlarinda azalmistir. GF 677 anaci {izerine asili olan seftalilerde ise
SPAD ve nispi antosiyanin degerlerinde daha diigiik kayba sahip olmustur. Garnem anacina asili ¢esitlerde yaprak
oransal su igerigi (YOSI) ve membran gegirgenligi Fe eksikligi ile artarken; GF 677'de YOSI % 1,8 azalmis ve
membran gegirgenligi % 10 artmistir. Fe seftali bitkisinde stoma davranislarini kontrol etmistir. Hassas anag olan
Garnem'de stoma faktorleri Fe eksikligine daha duyarli bulunmustur. Stoma ve gozenek alanlarindaki artig, stoma
iletkenliginde artisa neden olmustur. Fe eksikligi zarari, SPAD ve antosiyaninde daha yiiksek kayiplardan ve artan
membran gegirgenliginden dolayr Garnem'de daha yiiksek bulunmustur. Bu yiizden GF 677, seftali bahgelerinde
Fe noksanlig1 kosullarinda kullanilabilir.

Anahtar Kelimeler: Demir eksikligi, Seftali, Prunus, Anag, Stoma
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1. Introduction

Iron (Fe) is very important nutrient playing pivotal roles in respiration and photosynthesis (Kobayashi and
Nishizawa, 2012). The symptom of Fe deficiency is leaf chlorosis which causes depression in plant growth (Gao
et al., 2011). Chlorosis caused by Fe deficiency generally occurs in calcareous soils due to alkaline pH
environments (Jiménez et al., 2011; Aras et al., 2018). Many fruit trees including peach are known sensitive to
iron depletion (Eichert et al., 2010; Arikan et al., 2018). Fe starvation decreases leaf chlorophyll and carotenoid
concentrations, depresses plant growth and declines photosynthetic capacity (Larbi et al., 2006; Fernandez et al.,
2008).

Iron is found predominantly in the form of Fe®*, however plants take up Fe most readily in the form of form of
Fe?*. Therefore, Fe3* must be reduced to Fe?* with some mechanisms (Garcia et al., 2018). Two mechanisms are
known to iron transition; one mechanism in which Ferricchelate-reductase (FC-R) an enzyme playing key role in
Fe3* reduction to Fe?* called as strategy | and the other one is called strategy Il and it provides chelation to Fe
availability (Donnini et al., 2009; Aras et al., 2018). Fruit trees utilize strategy | with the FC-R enzyme for Fe
availability.

Stomata enable gas exchange between leaf and environment (\Vrablova et al., 2018). Stress conditions induce
changes in stomatal behaviors to adapt to environment. Changes in stomatal morphology play pivotal role in
controlling gas exchange. Stomatal behavior can be evaluated by stomatal density, pore size and pore area
(Gerardin et al., 2018). Kiani-Pouya et al. (2020) reported that salinity-tolerant barley plants reduced stomata
density in order to decline water loss. In addition, many studies represented that drought stress causes decrease in
stomatal aperture (Romero-Romero et al., 2018; Junlin et al., 2019). However, to our knowledge, a few studies are
reporting the effects of Fe deficiency on stomatal properties in grafted peach.

The utilize of stress tolerant rootstocks represents a solution to alleviate stress damage (Aras and Esitken, 2018).
GF 677 rootstock is known Fe chlorosis-tolerant (Tagliavini and Rombola, 2001) and Garnem is sensitive to Fe
chlorosis (Jiménez et al., 2008). Influence of Fe chlorosis on leaf anatomy was studied in previous experiments
(Fernandez et al., 2008; Eichert et al., 2010), in our study we focused on the stomatal properties under Fe starvation.
Thus in the present experiment, we compared stomatal properties of peach plants grafted onto GF 677 and Garnem
rootstocks under Fe deficiency conditions and the results were further evaluated by some plant growth traits and
leaf physiological responses.

2. Materials and Methods

The experiment was performed in March of 2020 in a semi-controlled greenhouse (controlling climate factors) at
the Yozgat Bozok University. One-year-old grafted plants from grafting combinations consisting of one peach cultivar;
Rich May (Prunus persica Batsch) and two rootstocks; GF 677 (Prunus amygdalus x P. persica) and Garnem (P.
dulcis x P. persica) were planted in 10 L pots containing perlite. The experiment was laid out in a randomized plot
design with three replications involving five plants for each grafting combinations in each replication. Plants were
treated with Hoagland solution (Hoagland and Arnon, 1950) for two months and, then were subjected to Fe deficient
Hoagland solution for period of 3 months. In control groups Hoagland solution was used. Plants were fertigated once
a week and pH of the solution was adjusted to 6.3. In the conclusion of the study, leaf and stomatal properties were
evaluated.

2.1. Morphological measurements

Relative growth performances of different graft combinations under Fe depletion were determined in terms of
shoot diameters and shoot length. Measurements of the shoot diameter and length were performed with a digital
caliper (Mitutoyo) and ruler, respectively. The relative growth rates (RGR) were calculated using the equation (1)
given below (Del Amor and Marcelis, 2003):

RGR = 100 X [(INXtz-InXty) / (t2-t2)] (Eq.1)

with t, - t;= 90 days (duration of Fe depletion experiment), Xt, = final shoot diameter and shoot length, Xt; =
initial shoot diameter and shoot length.
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2.2. Physiological measurements

Relative chlorophyll (SPAD) content was determined by a Minolta SPAD-502 chlorophyll meter (Minolta
Camera Co, Ltd, Osaka, Japan). Stomatal conductivity and leaf temperature were conducted on the youngest fully
expanded leaves on upper branches of the plants with leaf porometer (Li-COR). Relative anthocyanin content of
the leaves was measured with an Anthocyanin Content Meter (ACM-200 plus).

Leaf relative water content (LRWC) was determined by the following equation (2) of Smart and Bingham
(1974):

LRWC(%) = [(FW-DW)/(TW-DW)] x 100 (Eq.2)
with FW= fresh weight, DW= dry weight, TW= turgor weight

The procedure of membrane permeability (electrolyte leakage) based on Lutts et al. (1996) was utilized with
an electrical conductivity (EC) meter. The leaf samples with 1 cm segments were imbibed in 10 mL of distilled
water and incubated at room temperature (25°C) on a shaker (100 rpm) for 24 h. Electrical conductivity of bathing
solution (EC;) was measured after incubation. The same samples were then placed in an autoclave at 120°C for 20
min and the second measurement (EC,) was taken after cooling solution to room temperature. The electrolyte
leakage was calculated as EC1/EC; and expressed as percent.

2.3. Stomatal properties

Stomatal characteristics were measured on the abaxial surface of the leaves under light microscope. The samples
of leaves taken from the treatments were stored in a 70% ethanol solution. The leaf pieces were bleached in a 100%
ethanol solution to observe stomatal morphology and placed on a slide and visualized with a light microscope
(Olympus CX21) coupled to a digital camera (Kameram 5). Stomatal length, width, perimeter, pore length, width,
perimeter and stomata density were measured. Stomata area and pore area were calculated with the following equation
(3) (Zhuetal., 2019):

Stomata area= (n*SL*SW)/4, Pore area= (n*PL*PW)/4 (E9.3)
with SL= stomatal length, SW= stomatal width, PL= pore length, PW= pore width

2.4, Statistical analyses

The statistical analyses were performed with the statistical software package SPSS, version 20.0. Data were

subjected to two-way ANOVA and means were separated by the Duncan’s test at a significance level of P<0.05.

3. Results and Discussion

3.1. Plant growth and physiological responses

Iron deficiency significantly affected plant growth in grafted peach plants (Table 1). The highest decrease in
plant growth by Fe deficiency was found in Rich May grafted onto Garnem. Under Fe deficiency conditions all
plants in grafting combinations produced lower shoot RGR related to control plants. The higher decreases were
recorded in Rich May/Garnem. Concerning shoot RGR in diameter and in length Rootstock Garnem resulted in 9
and 50% respectively decrease under Fe depletion. Alternatively decreases in shoot RGR in diameter and in length
with GF 677 rootstock were 6 and 10%, respectively.

Table 1. Effects of Fe deficiency on shoot growth in grafted peach plants

Variety/Rootstock Treatments shoot RGR in diameter shoot RGR in length
. Control 0.5587 a 0.8967 a
Rich May/Garnem o
Fe deficient 0.5049 b 0.4418 b
. Control 0.7015a 0.6781a
Rich May/GF 677 o
Fe deficient 0.6543 b 0.6107 b

Means separation within column by Duncan’s multiple range test. P<0.05
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The physiological responses of peach leaves were also statistically influenced by Fe deficiency. SPAD values
and relative anthocyanin content decreased by 52 and 70% in Rich May/Garnem grafting combinations under Fe
deficiency (Table 2). As in the case of shoot RGR the losses were lower in plants graftted onto GF 677.
Alternatively stomatal conductance increased with rootstock Garnem whereas it decreased with rootstock GF 677
(Table 2).

The leaf temperature, membrane permeability and LRWC were also affected by rootstocks under Fe deficiency.
The leaf temperature decreased by 3.0% in Garnem while increased by 3.4% in GF 677 (Table 3). Fe deficiency
increased LRWC and membrane permeability increased in Garnem. In GF 677, LRWC decreased by 1.8% and
membrane permeability increased 10% (Table 3).

Table 2. Effects of Fe deficiency on SPAD value, relative anthocyanin content and stomatal conductance in
grafted peach plants

. SPAD Relative Stomatal conductance
Variety/Rootstock Treatments . -
value anthocyanin value (mmol m?s1)
) Control 48.03 a 134 a 111.4N8
Rich May/Garnem
Fe deficient 23.93b 3.96 b 117.3
Control 459a 11.96 a 1456a
Rich May/GF 677
Fe deficient 315b 6.56 b 96.5b

Means separation within column by Duncan’s multiple range test. P<0.05, NS: Non Significant

Table 3. Effects of Fe deficiency on leaf temperature, LRWC and membrane permeability in grafted peach

plants
. Leaf temperature  LRWC Membrane
Variety/Rootstock Treatments ) %) ST ()
. Control 33.03a 86.44 b 32.27hb
Rich May/Garnem .
Fe deficient 32.03b 91.16a 37.89a
. Control 329b 86.50 a 40.16 b
Rich May/GF 677 o
Fe deficient 34.03a 84.96 b 44.07 a

Means separation within column by Duncan’s multiple range test. P<0.05, NS: Non Significant

3.2. Stomatal behaviors

Stomatal morphology was affected by Fe deficiency results differed between rotstocks (Table 4 and Table 5).
Peach plants grafted onto Garnem produced higher means of stomatal length, width and perimeter under Fe
deficiency conditions. In Rich May grafted on GF 677, stomatal length increased by 3% and stomatal width and
perimeter decreased by 8.5 and 5.0%, respectively. Fe deficient Garnem had lower stomatal density and higher
stomatal area compared to control. In GF 677, stomatal density and area decreased under Fe deficiency.

In Rich May/GF 677 graft combination pore length, width, perimeter and area were tend to be decreased by Fe
deficiency (Table 5). In Rich May/Garnem, pore width decreased while pore length, perimeter and area increased
by Fe deficiency.

Table 4. Effects of Fe deficiency on stomatal properties in grafted peach plants

Stomatal  Stomatal Stomatal Stomatal Stomatal
Variety/Rootstock Treatments length width (um) perimeter density (no.  area (Um?)
(Hm) (Hm) mm?)
Rich May/Garnem Control 29.66 b 22.66 b 91.74 b 372.0a 530.1b
Fe deficient 325a 239a 98.56 a 340.3 b 610.2 a
Rich May/GF 677 Control 31.83b 2543 a 98.66 a 293.3a 636.5a
Fe deficient 32.83a 23.26b 93.83b 283.0b 601.3b

Means separation within column by Duncan’s multiple range test. P<0.05
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Table 5. Effects of Fe deficiency on pore properties in grafted peach plants

Pore length  Pore width Pore Pore area
Variety/Rootstock Treatments (um) (um) perimeter (um?)
(Hm)
Rich May/Garnem Control 14.66 b 7.3N8 40.68 NS 84.04b
Fe deficient 15.35a 7.2 40.75 87.72a
Rich May/GF 677 Control 17.46 a 8.03a 48.06 a 110.71a
Fe deficient 16.30 b 76b 45.30 b 97.41b

Means separation within column by Duncan’s multiple range test. P<0.05, NS: Non Significant

4. Discussion

Current experiment revealed that leaf chlorosis and necrosis were observed in both rootstocks under Fe deficiency
conditions. The degree of the Fe chlorosis was found to be higher in Rich May/ Garnem than those in Rich May/ GF
677 graft combinations.

4.1. Plant growth

Retardation in plant growth has been reported in many fruit trees imposed to environmental stress factors (Yin et
al., 2010; Aras and Esitken, 2018). Gruber and Kosegarten (2002) stated that restriction in plant growth is a clear
symptom of Fe deficient plants. Iron takes a key role in photosynthesis and electron transport system (Morales et al.,
1990), thus depressed growth could be caused by decline in photosynthesis (not determined in the present study) due
to Fe deficiency. In the present study, we evaluated plant growth in terms of RGR of shoot diameter and length. Relative
growth rate is an important indicator of plant growth affected by net assimilation rate, leaf area, dry matter distribution
are related to the characteristics of the rootstocks (Solari et al., 2006; Aras et al., 2019). Fe deficiency caused a
remarkable decrease in the RGRs. The decline in the RGRs was more pronounced in Rich May/Garnem.

4.2. Physiological responses

Iron takes pivotal roles in function of chloroplast and the Fe deficiency leads to a decline in chlorophyll content
(Valipour et al., 2020) and causes interveinal chlorosis (Molassiotis et al., 2006; Aras et al., 2018). SPAD value
quantifies the relative chlorophyll content in the leaves and in our study SPAD decreased by Fe deficiency in both
rootstocks. Djennane et al. (2011) reported that SPAD value decrease from 30.6 to 24.4 in pear genotypes under Fe-
depletion conditions. Decrease in SPAD was higher in Rich May/Garnem in our study. Similar to chlorophyll, relative
anthocyanin content decreased under Fe deficiency. It has been reported that many nutrients including Fe take a role
in anthocyanin biosynthesis (Shi et al., 2017). From this point of view it can be speculated that rootstock GF 677 has a
reducing effect on losses in anthocyanin content compared to Garnem under Fe deficiency conditions.

Iron deficiency damaged cell membranes in peach plants determined by membrane permeability. The damage was
higher in Garnem compared to GF 677. Increment in membrane permeability was reported in many environmental
stress studies regarding salinity (Aras and Esitken, 2018), drought (Bat et al., 2020). Here we report that under Fe
deficient conditions cell membrane damage was lower in GF 677 than in Garnem.

Stomatal conductance is affected by environmental factors (Pouyafard et al., 2016) and was differently affected by
Fe deficiency. The value increased in Garnem, while it decreased in GF 677 under Fe deficiency conditions. Sharma
etal. (2016) reported that stomatal conductance increase in cauliflower under Fe deficiency. Alternatively Mattiello et
al. (2015) stated that stomatal conductance decreased under zinc (Zn) deficiency. We suggest that Fe deprivation
increased leaf transpiration thus promoted uptake of Fe from rhizosphere consequently led to decrease in leaf
temperature and increase in LRWC in Rich May/Garnem.

4.3. Stomatal behaviors

Plants control stomatal morphology against stress factors (Demirbas and Balkan, 2018). Decline in stomatal density
and area is well reported under drought conditions (Romero-Romero et al., 2018; Junlin et al., 2019). However, there
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is no clear result on stomatal behaviors under Fe deficient conditions. In a previous experiment, stomatal pore area of
peach leaves decreased by 49% under Fe deficiency conditions (Fernandez et al., 2008). In the current study, we
evaluated stomatal behaviors in terms of stomata (whole stomata) and pore (stomatal aperture). We found that stomatal
density decreased by Fe deficiency in peach plants. However rootstock responses varied. Stomatal and pore areas
increased in Garnem while the values decreased in GF 677 in Fe deficient conditions. While Fe deficiency give rise to
stomatal perimeter when used Garnem, it did not affect pore perimeter. On the other hand with rootstock GF 677 both
stomatal perimeter and pore perimeter declined under Fe deficiency. These results support the increment in stomatal
conductance in Garnem and decline in stomatal conductance in GF 677. Mineral uptake by roots is provided by leaf
transpiration (Alarcon et al., 1999) and we concluded that Garnem rootstock led to an increase in stomatal conductance
and stomatal and pore area under Fe deficiency. GF 677 tolerated Fe deficiency and did not required high stomatal
conductance and stomatal area. Ridolfi and Garrec (2000) stated that stomatal density increased in beech leaves under
Ca and Mg conditions. Mattiello et al. (2015) reported that stomata density increased in maize leaves under Zn
deficiency conditions. Stomatal density decreased by boron deficiency in Dittrichia viscosa plant (Stavrianakou et al.,
2006).

Stomatal respond to signals under stress conditions and smaller stomata faster respond to signaling cues (Lawson
and Matthews, 2020). In our study, decreases in stomatal perimeter and area in GF 677 suggest faster stomatal closure
and decline in stomatal conductance.

5. Conclusion

Iron controlled stomatal behaviors in peach plant. Stomatal factors were found to be more sensitive to Fe deficiency
in sensitive rootstock, Garnem. Moreover, increment in stomatal and pore areas led to an increase in stomatal
conductance. Fe deficiency stimulated decrease in Chlorophyll and anthocyanin values and increase in leaf damage.
The damage caused by Fe depletion was found to be higher in Garnem presumably due to higher losses in SPAD and
anthocyanin values and increasing membrane permeability. This study offers evidences for a better understanding over
detrimental influences of Fe-deficiency at the leaf level.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yulaf Cim Suyunun Baz1 Yabanc1 Ot ve Kiiltiir Bitkisi Tohumlarinin Cimlenme ile Fide
Ozellikleri Uzerine Etkileri

Effects of Oat Grass Juice on Germination and Seedling Characteristics of Certain Weeds and
Cultivated Plants

Ruziye KARAMANY", Cengiz TURKAY?, ilknur AKGUN?
Ozet

Caligma, Isparta Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Tarla Bitkileri laboratuvarinda 2020 yilinda,
yulaf ¢im suyunun bazi kiiltiir bitkisi ve yabanci ot tohumlarinin ¢imlenme ve fide gelisimi lizerine etkilerini
belirlemek amaciyla kurulmustur. Calismada kiiltiir bitkileri olarak arpa, bugday, yulaf, fasulye, mercimek, seker
pancari, aycicegi, italyan ¢imi, kirmizi {iggiil ve yonca tohumlari; yabanci ot tohumu olarak ise, horozibigi ve yabani
hardal tohumlari kullanilmigtir. Calisma, tesadiif parselleri deneme deseninde 4 tekerriirlii olarak yiirtitiilmiistiir.
Uygulama olarak tohumlara yulaf ¢im suyu ve santriftij edilmis yulaf ¢im suyunun farkli dozlar1 (%25, 50, 75 ve
100) yapilmustir. Aragtirmada ¢imlenme orani, ¢gimlenme indeksi, ortalama ¢imlenme siiresi, stirgiin ve kok uzunlugu
ile yas ve kuru agirlik ozellikleri incelenmistir. Denemede c¢imlenme oranlart fasulyede % 33.59-90.0;
mercimekte %0-76.8; arpada %0- 71.6; bugdayda %0-77.9; yulafta %0-55.6; aygiceginde %11.5-90.0 ve
yoncada %36.16-68.20 olarak belirlenmistir. Cimlenme indeksi fasulyede 1.08-6.62; mercimekte 0-16.04; arpada
0-13.96; bugdayda 0-6.93; yulafta 0-6.88; aygiceginde 0.19-7.31 ve yoncada 2.93-10.28 arasinda degismistir.
Surgin uzunlugu fasulye hari¢, mercimek, arpa ve yulaf bitkilerinde; kok uzunlugu ise mercimek, arpa, bugday ve
yulafta %25 santrifiij edilmis yulaf ¢im suyu (YCS) uygulamas1 ve kontrol gruplarinda belirlenmistir. Artan santrifiij
edilmis YCS dozlar1 ve YCS uygulamalar ile baz tiirlerde (aygicegi ve yonca) ¢imlenme olmus ancak strgiinler
Ol¢iim yapilamayacak kadar kiigiik olmasi sebebiyle surglin ve kok uzunlugu belirlenememis olup, buna paralel
olarak yas ve kuru agirliklari tespit edilememistir.

Elde edilen verilere gore, cimlenme ve fide gelisimi lizerine yulaf ¢im suyu uygulamasi ve artan santrifiij edilmis
¢im suyu dozlarinin etkisinin olumsuz oldugu belirlenmistir. Yulaf ¢im suyunun mineral madde, vitaminler, protein
ve antioksidan icerikleri yoniinden zengin olmasma ragmen, tohum ¢imlenmesi ve fide gelisiminde dogrudan
bioaktivator olarak kullanilamayacagi belirlenmistir. Yulaf ¢im suyunun igerdigi bir¢ok allelopatik etkiye sahip
maddeler (saponin (avenacins), hidroxamik asit, skopoletin, L—triptofan ) tohum ¢imlenmesini engellemistir.

Anahtar Kelimeler: Yulaf ¢im suyu, Cimlenme, Cimlenme indeksi, Fide geligimi, Allelopati
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Abstract

The study was carried out to determine the effects of oat grass juice on certain culture plants and weeds seeds
germination and seedling growth at the Isparta University of Applied Sciences, Faculty of Agriculture, Field Crops
Laboratory in 2020. Barley, wheat, oat, bean, lentils, sugar beet, sunflower, Italian ryegrass, crimson clover and
alfalfa seeds as cultivated crops; cockscomb and wild mustard seeds as weed seed were used in the study. The
study was established to completely randomized plot design with four replications. As application, oat grass juice
and centrifuged oat grass juice doses (25, 50, 75 and 100%) were applied to these seeds. In the research,
germination rate, germination index, mean germination time, shoot and root length, and wet and dry weight
properties were examined. The germination rates in the experiment were 33.59-90.0% in beans; 0-76.8% in lentils;
0-71.6% in barley; 0-77.9% in wheat; 0-55.6% in oats; 11.5-90.0% in sunflower and 36.2-68.2% in alfalfa.
Germination index changed between 1.08-6.62 in beans; 0-16.04 in lentils; 0-13.96 in barley; 0-6.93 in wheat; O-
6.88 in oats; It varied between 0.19-7.31 in sunflower and 2.93-10.28 in crimson clover. Shoot length except for
beans, lentil, barley and oat plants, root length were determined for lentil, barley, wheat and oat plants in 25%
centrifuged oat grass juice (OGJ) application and control groups. Germination occurred in some species (sunflower
and alfalfa) with increasing centrifuged OGJ doses and OGJ applications, but the shoot and root length could not
be determined because the seedlings were too small to be measured, and in parallel, their wet and dry weights
could not be determined.

According to the data obtained, it was determined that oat grass juice application and increasing centrifuged grass
juice doses had negative effects on germination and seedling development. Although oat grass juice is rich in
mineral substance, vitamins, protein and antioxidant content, it has been determined that it cannot be directly used
as a bioactivator in seed germination and seedling development. Many substances with allelopathic effects
(saponin (avenacins), hydroxamic acid, scopoletin, L-tryptophan) contained in oat grass juice prevented seed
germination.

Keywords: Oat grass juice, Germination, Germination index, Seedling development, Allelopathy
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1. Giris

Serin iklim tahillari tohumlarindan elde edilen ¢imin saglik igin yarart ile ilgili tartismalar son 15-20 yildir
giindeme gelmektedir. Amerika’da 1930’lardan itibaren tahil ¢imleri siselenmis veya kurutulmus halde
tiiketilmeye baglanmigtir. Yapilan ¢caligmalar sonucunda, tahil ¢imlerinin, tahil unlarina oranla 4-5 kat fazla vitamin,
mineral ve protein i¢erdikleri belirlenmistir (Sezgin, 2020).

Giinliik beslenmede her 6giinde tiiketilen un mamulleri genellikle tahillardan karsilanmakta ve tahillardan
istenilen besin degerini elde etme amaciyla ¢esitli yontemler (¢imlendirme, fermantasyon ve 1sil islem vb.)
kullanilmaktadir (Finney, 1982). Tahillarin ¢imlendirilmesi ile yiiksek miktarda antioksidan aktivitesine sahip
Uriinler ortaya ¢ikmakta (Rexhepi ve Renata, 2015a) ve bu yesil {riinler insan sagligi iizerine yararli oldugu
bildirilmektedir (Ashish ve ark., 2012). Bunlara ek olarak beyin fonksiyonlari bozuk olan yash kisiler {izerinde
yapilan iki ¢alismada diyetlerinde 800-1600 mg yulaf ¢im suyu takviyesi ile hafiza, dikkat ve konsantrasyonu
onemli 6l¢iide iyilestirdigi tespit edilmistir (Berry ve ark., 2011; Kennedy ve ark., 2017).

Birgok aragtirmada ¢im sularmin yesil gida, bitki biiylime diizenleyicisi, herbisit ve fungusit vb., alanlarda
kullanim performanslari belirlenmistir (Ergiin, 2011; Karagahin, 2015; Akgiin ve ark., 2018 a;b). Serin iklim
tahillart igerisinde ozellikle yulaf ¢im suyu demir igerigi bakimindan digerlerinden daha ustiindiir. Bir kisinin
giinliik almasi gereken demir miktar1 10 mg’dir. Bir ¢ay bardagi (100 g) yulaf ¢im suyunda ise, 13.6 mg demir
bulunmaktadir (Demirci, 2009; Ergiin, 2011). Ergiin (2011), yulaf ¢im suyunun mineral igerigini belirledigi
¢alismada, giinde 100 gr yulaf ¢im suyu i¢ildigi takdirde giinlilk gerekli olan mineral madde ihtiyacinin P % 6.4,
Ca% 3.7, Mg % 6.8, Na % 2, K % 3.65, Cu % 16, Fe % 80, Mn % 4, Zn % 15’inin karsilanacagin1 ifade etmistir.
Rexhepi ve Renata (2015b), yulaf ¢im suyunun zengin aminoasit i¢erigi yaninda dnemli vitaminleri (B1, 2, 6, ve
12) de biinyesinde bulundurdugunu ve ayrica yulaf ¢im suyunun mineraller, vitaminler, antioksidanlar (tricin),
klorofiller ile enzimler yoniinden oldukga zengin oldugunu bildirmislerdir. Cim sularinin igerdigi etken maddeler
(saponin, protein ve aminoasit) sebebiyle diger bir kullanim alani tohumlar iizerindeki allelopatik etkisidir.
Allelopati, bitkide ¢esitli organlar tarafindan salgilanan sekonder metabolitlerin etkilesime girerek bitki
gelismesini 6nlemesi ya da durdurmasi olarak tanimlanmaktadir (Reigosa ve ark., 2002; Oueslati, 2003; Lam ve
ark., 2012; Giirsoy ve ark., 2013). Allelopatiye neden olan etkili bilesiklere allelokimyasal ad1 verilmektedir. Bu
bilesikler genellikle bitkilerde bulunan sekonder metabolitlerden olugsmaktadir (Oudhia, 2000; Ghiyasi ve ark.,
2016). Sekonder metabolitler bitkide fiziyolojik ve ekofiziyolojik etkide bulunmaktadir. Allelopatik maddeler iki
sekilde bulunmaktadir. Bunlardan ilki; bitkilerin pargalanmasi ile (inaktif allelopati), ikincisi kok veya govdeden
ortama salgilanma (aktif allelopati) seklinde olmaktadir (Ghiyasi ve ark., 2016). Allelopati iizerine pek ¢ok ¢aligma
bulunmaktadir (Karaman ve ark, 2014; Ghiyasi ve ark., 2016; Akgiin ve ark., 2018 a;b).

Terzi (2007), ceviz meyve kabuklarmm suyunu (homojenizatorden gegirdikten sonra santrifiij edilmis halini)
kavun tohumlarina uygulamis ve ¢imlenme ile fide gelisimi lizerine etkisini belirlemistir. Arastirict 1/4 oraninda
seyreltilmis ceviz meyve kabugu 6ziitlerinin, fide gelisimi iizerine olumlu etkide bulunurken, saf ve 1/8 oraninda
seyreltilmis Oziitler ise fide gelisimini 6nemli seviyede olumsuz olarak etkilemistir. Karaman ve ark. (2014),
lavanta bitkisinden elde ettikleri ugucu yagin dozlarinin kiiltiir ve yabanci bitkiler iizerine etkilerini arastirdiklar
¢aligsmada lavanta yagmin dozlarinin artmasi ile ¢imlenme ve fide 6zelliklerinde diisiisler meydana geldigini ifade
etmislerdir. Ghiyasi ve ark. (2016), sirken yabanc1 otunun %6°lik bitki 6ziitii dozlarinin (%20, 40, 80 ve 100) kolza
tohumlarinin ¢imlenme ve anormal ¢im olusturma &zellikleri iizerine etkilerini incelemislerdir. Sonug olarak
arastirmacilar, %100 oraninda sirken bitki 6ziitiiniin en diisiik ¢imlenme ve en yiiksek anormal fide yiizdesine
neden oldugunu ifade etmislerdir. Akgiin ve ark. (2018a), bugday ¢im suyunun misirda fide gelisimi iizerine
aktivatdr olma potansiyelini ve Rhizoctonia solani tizerine etkilerini belirledikleri caligmada, bugday ¢im suyunun
misirda fide gelisimi iizerine olumsuz etkide bulundugunu belirtmislerdir. Ayrica, misirda bugday ¢im suyunun
Rhizoctonia solani semptomlariin siddetini arttirdigini tespit etmislerdir. Ergin ve Kaya (2020), yulaf bitki 6zt
dozlarinin yag bitkileri tohumlarinin ¢imlenme ve fide gelisimi iizerine etkilerini belirledikleri ¢aligmada, yag
bitkileri tohumlarinin ¢imlenme siiresinin artan yulaf bitki 6ziitii dozlari ile uzadigini ve fide gelisimi iizerine yulaf
bitki 6ziitiiniin artan dozlarinin olumsuz etkide bulundugunu saptamislardir. Hatta aragtirmacilar, yulaf bitki 6z0tu
artan dozlarinin bugday ve yulaf fideleri gelisimini engelledigini ifade etmislerdir. Yulaf bitkisinde de allelopatik
etkiye hidroxamik asit, skopoletin, L—triptofan maddelerinin neden oldugu bildirilmistir (Giirsoy ve ark., 2013).
Diger taraftan bazi triterponoid olan saponinlerin (avenacin) kiiltiirii yapilan tahillarda hastaliklara dayanikliligin
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gelistirilmesinde etkili olabilecegi ileri siiriilmiigtiir (Osbourn, 2003). Kuca ve Yagc1 (2021), bilingsiz pestisit
kullanilmasinin iiriinlerde ilag kalintis1 kalmasina neden oldugunu bu nedenle de, ¢evre ve insan saglig1 yoniinden
risk olugturdugunu bildirmiglerdir. Bu durum géz 6niine alinarak, birgok bitkinin ¢im suyu ¢ikarilmis ve kalinti
birakmayan pestisit (herbisit ve fungusit vb.) olarak kullanim performanslar1 belirlenmistir.Bu ¢alismada yulaf
¢im suyu ve santrifiij edilmis yulaf ¢im suyu (siiparnatant) dozlarinin bazi yabanci ot ve kiiltiir bitkileri
tohumlarinin ¢imlenmesi ve fide gelisimi {izerine etkilerini belirlemek amaglanmistir.

2. Materyal ve Yontem

Arastirma, Isparta Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Tarla Bitkileri Laboratuvarinda 2020
yilinda yapilmistir. Calismada bazi kiiltiir bitkileri ve yabanci ot tohumlart kullanilmigtir. Kiiltiir bitkisi olarak; iki
sirali arpa (Hordeum vulgare), ekmeklik bugday (Triticum aestivum L.), yulaf (Avena sativa L.), fasulye
(Phaseolus vulgaris L.), mercimek (Lens culinaris), seker pancari (Beta vulgaris), aycicegi (Helianthus annuus
L.), italyan ¢imi (Lolium multiforum Lam.), kirmiz1 iiggiil (Trifolium incarnatum L.) ve yonca (Medicago sativa
L.), yabanci ot tohumu olarak ise, horoz ibigi (Amaranthus albus L.) ve yabani hardal (Sinapis arvensis L.)
tohumlari kullanilmigtir. Caligsma, tesadiif parselleri deneme deseninde 4 tekerriirlii olarak kurulmustur. Denemede
toplam [4 tekerriir x 12 tiir x 6 uygulama (kontrol ve yulaf ¢im suyu konsantrasyonlari)] 288 petri kullanilmigtir
(Sekil 1). Her bir bitki tiirli i¢in 6 farkli uygulama [saf su (kontrol), yulaf ¢im suyu (YCS) ve santrifiij edilmis yulaf
¢im suyunun (YCS) 4 farkli konsatrasyonu (%25, %50, %75 ve %100)] yapilmistir.
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Figure 1. Oat grass cultivated, grass juice obtained, oat grass juice and centrifuged oat grass juice applications
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Sekil 1. Yulaf ¢cimi yetigtirilmesi, cim suyu ¢itkarilmasi, yulaf ¢cim suyu ve santrifiij edilmis yulaf cim suyu
uygulamalari

Farkli tiirlere ait tohumlar 9 cm c¢apli petri kaplarinda, Whatman (No:3) filtre kagitlar1 iizerinde
cimlendirilmistir. Petri kaplarina, arpa, bugday, yulaf, fasulye ve ay¢iceginden 25 adet, mercimek, seker pancari,
Italyan ¢imi, kirmizi iiggiil, yonca, horoz ibigi ve yabani hardaldan 50 adet tohum konulmustur. ISTA (1996)’da
belirtilen esaslara gore ¢imlendirme petri kaplarinda 22-24 °C sicaklikta inkiibatdrde yapilmistir. Tohumlar
¢imlenme ortamina konulduktan sonra her giin kontrol edilerek ¢imlenenlerin sayilari belirlenmistir.

Cim suyu, elde etmek amaciyla yulaf tohumlar1 30x50 cm kasalara sik bir sekilde ekilmistir. 14 giin sonunda
bicime hazir hale gelen yulaflar makas ile bicilerek kat1 meyve suyu sikacaginda gegirilerek tamamen pargalanmasi
saglanmis ve ¢im suyu elde edilmistir (Rexhepi ve Reneta, 2015b; Sekil 7). Daha sonra santrifiij edilmis ¢im suyu
elde etmek i¢in 5 dakika siireyle 5000 rpm’de santrifiij edilmistir. Siipernatant kismi alinarak, %100, %75, %50
ve %25 oranlarinda saf su ile seyreltilerek tohumlara direk uygulanmigtir. Her bir petri i¢in, kiigiik ¢apli tohumlara
(mercimek, seker pancari, italyan ¢imi, kirmizi {iggiil, yonca, horoz ibigi ve yabani hardal) 10 ml, biiyiik ¢aplh
(arpa, bugday, yulaf, fasulye ve ay¢igegi) tohumlara 15 ml olacak sekilde santrifiij edilmemis yulaf ¢im suyu ve
santrifiij edilmis YCS dozlar1 (%25, %50, %75 ve %100) verilmistir. Her tiire ait kontrol grubundaki tohumlara
da ayn1 miktarda (10 ml ve 15 ml saf su) uygulanmistir. ISTA kurallarina gore her bir tiir i¢in degerlendirmelerde
farkli stireler (arpa:4-7 gun; bugday:4-8 giin; yulaf: 5-10 gilin; fasulye:5-9 glin; mercimek:5-10 gun, seker
pancar1:4-14 giin; aycicegi:4-10 guin; Italyan ¢imi:5-14 giin; kirmizi iicgiil:4- 7 giin; yonca: 5-10 giin; horoz ibigi:4-
14 glin ve yabani hardal: 3-7 giin) dikkate alinmstir (ISTA, 1996). Denemede incelenen ozellikler agagida
belirtilmistir.

Cimlenme orani (%): (Cimlenen tohumlarin sayisi/ ¢gimlenme ortamina konulan tohum sayisi) x 100 formiiliine
gbre ¢imlenme oranlart hesaplanmistir. Cimlenme indeksi asagida belirtilen esitlik 1 den yararlanilarak
hesaplanmugtir.
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Cimlenme indeksi: (G1/1) +(G2/2) +.....(Gn/n) (Es.1)

Burada G1...Gn sirasiyla 1. ve Gn (¢imlenmeye son verildigi giin) giinlere ait ¢imlenme yiizdelerini ifade
etmektedir (Esechie, 1994). Kok ve Siirgiin Uzunlugu (cm): Tohumlar ISTA kurallarina gére ¢gimlenme siirelerinin
sonunda fidelerin kok ve stirglinleri birlesme yerlerinden jiletle kesilerek uzunluklari milimetrik bir cetvel yardinmi
ile 6l¢tilmiistiir (Bozcuk, 1978). Bir petrideki kok ve siirgiin uzunluklari toplaminin, fide sayisina béliinmesiyle
ortalama kok/strgun uzunlugu cm/bitki olarak hesaplanmistir. Yas ve Kuru Agirlik (g): Segilen 10 fidenin yas
agirliklar1 0.01 duyarl hassas terazide tartilarak g cinsinden saptanmustir. Yas agirliklari belirlenen fideler 65°C’de
bir giin etiivde kurutulduktan sonra hassas terazide tartilarak g olarak kuru agirliklar1 belirlenmistir.

Denemede incelenen dzelliklere iliskin elde edilen verilerle, her tiir i¢in tesadiif parselleri deneme desenine
gore MINITAB istatistik paket programi ile varyans analizi yapilmis ve farklilik gruplandirmalari 0.05 diizeyinde
Tukey testi gore yapilmistir.

3. Arastirma Sonuglari ve Tartisma

Calismada YCS ve santrifiij edilmis YCS dozlarinin uygulanmasi sonucunda, tiim tiirler tizerine uygulamalarin
kontrole gére olumsuz etkisi oldugu ve hatta bazi tiirlerde (yabani hardal, horoz ibigi, seker pancari, italyan gimi
ve kirmizi {iggiil) ¢imlenme goriilmedigi belirlenmistir. Kontrol grupta ¢imlenme orani; yabani hardalda %44,
horoz ibiginde %70.7, seker pancarinda %31.3, Italyan ¢iminde %83.3 ve kirmiz1 iiggiilde % 45.3 olarak tespit
edilmistir. Yulaf ¢im suyu uygulamalarinda ¢imlenmeyen tiirler deneme dig1 birakilmistir. Arastirmada fasulye,
mercimek, arpa, bugday, yulaf, aygicegi ve yonca tiirlerinin ¢imlenme orani, ¢imlenme indeksi, fide ve kdk
uzunlugu ile yas ve kuru agirlik 6zellikleri incelenmis ve her tiire ¢alismadaki deneme planina uygun varyans
analizi yapilmis ve uygulamalarin etkisi istatistiki olarak dnemli bulunmustur.

3.1. Cimlenme Orant ve Cimlenme Indeksi

Calismada fasulye tiirliniin ¢imlenme oran1 degerleri incelendiginde, en yiiksek degerler kontrol
uygulamasinda (%90) belirlenmis ve bu degeri santrifiij edilmis %25 YCS uygulamas1 (%68.6) takip etmistir
(Tablo 1). Santrifiij edilmis YCS dozlarinin artmasi ile ¢imlenme orani degerleri de azalmigtir. Fasulyede en diisiik
c¢imlenme orant YCS uygulamasinda (%33.6) tespit edilmistir. Mercimek, arpa ve yulaf tiirlerinde ¢imlenme
sadece kontrol ve santrifiij edilmis %25 YCS uygulamasinda goriilmiis, diger uygulamalarda g¢imlenme
goriilmemistir. Bugday, aycigegi ve yonca tiirlerinde, en yiiksek ¢imlenme orani degerleri (sirastyla %77.9; %90.0
ve %068.2) kontrol uygulamalarinda belirlenmis, santrifiij edilmis YCS uygulamalart ile ¢imlenme orant da
azalmistir. Bugday tiirinde YCS ve santrifiij edilmis %50, %75 ve %100 YCS uygulamalarinda ¢imlenme
olmamustir. Aygcicegi ve yonca tiirlerinde en diisiik ¢imlenme oran1 YCS (sirastyla %11.5 ve %37.4) ve santrifiij
edilmis %100 YCS (swrasiyla %14.0 ve %36.2) uygulamalarinda belirlenmistir. Ayrica yoncada en diisiik
¢imlenme oran1 %100 SYCS’dan belirlenmesine ragmen, YCS, %75 SYCS ve %50 SYCS ile arasindaki fark
onemsiz olarak bulunmustur.

Arastirmada incelenen ozelliklerden ¢imlenme indeksi, tohumlarin kisa siirede yiiksek ¢imlenme yiizdesi
olusturan uygulamay1 belirleyebilmek amaciyla kullanilmaktadir (Akglin ve ark., 2018a). Arastirmada YCS
uygulamalarinin ¢imlenme indeksi tizerine etkileri incelendiginde, kullanilan tiirlerin hepsinde en yiiksek
¢imlenme indeksi kontrol grubunda belirlenmis ve bu grubu santrifiij edilmis %25 YCS uygulamasi takip etmistir.
Santrifiij edilmis YCS dozlarinin artmasina bagli olarak ¢imlenme indeksinde azalmalar saptanmistir. Mercimek,
arpa ve yulaf turlerinde yulaf ¢im suyu, %50, %75 ve %100 santrifiij edilmis YCS dozlarinda ¢imlenme
olmamasindan dolay1 ¢gimlenme indeksi hesaplanamamustir (Tablo 1).

Bitkilerde bulunan sekonder metabolitlerden olusan allelokimyasallar tohumlarin ¢imlenmesi ve fide
biliylimesini engelleyebilmekte veya tesvik edebilmektedir (Zeng ve ark., 2008). Yapilan bazi ¢aligmalarda
bitkilerdeki allelokimyasallarin, farkli bitki aksamlarindan ¢ikan u¢ucu maddeler oldugunu (Bradow ve Connick,
1998), baz1 maddelerin bitki koklerinden salgilandigini (Qasem ve Hill, 1989) ve bazilarinin ise de bitkilerin toprak
iistii kisimlarindan su ile ¢dziiniip topraga karistigini (Qasem, 1994) bildirilmistir (Ozbay, 2018). Glirsoy ve ark.
(2013), bitki aksamlarmin (kok, yaprak, sap vb.) veya bu aksamlarina pargalanip ayrigsmasi ile salgilanan
kimyasallarin farkli konsantrasyonlarinin iiretim kayiplarina neden oldugunu ifade etmislerdir. Yulafta da bulanan
allelopatik maddeler nedeniyle, yulaf ¢im suyu ve santrifiij edilmis yulaf ¢im suyu konsantrasyonlari kiiltiir ve
yabanc1 ot tohumlarinin ¢imlenme 6zellikleri (¢imlenme indeksi ve orani) lizerine allelopatik (engelleyici) etkide
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bulunmustur. Cimlenme orani, tohumun ekim formunu karakterize etmede kullanilan 6nemli bir faktor olup
(Delchev, 2017), tohumun canlih@i hakkinda da bilgi vermektedir. Qasem ve Issa (2003) kabak stirglinlerinden
elde ettigi 6zsuyun horozibigi ve sirken yabanci otlart tohumlarina uygulamig ve bu uygulama ile gimlenmesinin
engelledigini tespit etmislerdir. Ozbay (2018), bitki ekstratlarinin biberin ¢imlenme ve fide gelisimi iizerine
etkilerini belirlemek amaciyla yaptig1 calismada, bitki ekstratlarinin engelleme etkisinin ve oraninin tiirlere ve
dozlara bagli olarak degistigini ifade etmigtir. Stratu ve ark. (2012), selam otu ve kereviz bitkisi yapraklarindan
elde ettikleri ekstraktin mercimek tohumlarinin ¢imlenme ve fide gelisimi iizerine olumsuz etkide bulundugunu
ve ¢imlenmeyi geciktirip engelledigini hatta kok gelisimini engelledigini bildirmislerdir. Bir diger arastirmada,
Chromolaena odorata bitkisi yapraklarindan ve koklerinden elde edilen ekstraktlarmin (% 0.1 ve 10) tohum
¢imlenmesi ve fide gelisimi tizerine olumsuz etkide bulundugu saptanmistir (Hu ve Zhang, 2013). Pek ¢ok
arastirmacinin yaptigi caligmalar, elde etti§imiz sonuclar1 destekler niteliktedir.

Tablo 1. Farkh tiirlerin cimlenme orani (%) ve cimlenme indeksine ait degerler
Table 1. Germination ratio (%) and germination index values of different species

Uygulamalar Fasulye Mercimek Arpa  Bugday Yulaf Aycicegi Yonca

Kontrol 90.00a* 76.78a 716la 77.94a 5558a 90.00a 68.20a
Yulaf Cim Suyu 33.59e - - - - 1154e 3742c
= %25 SYCS 68.63b 47.72b 20.23b 44.62b 27.87b 29.28b  52.00b
g %50 SYCS 55.05¢ - - 20.08¢c - 20.26¢c  46.49bc
@ %75SYCS 46.73d - - - - 18.22cd 42.12bc
g %100 SYCS 48.46¢cd - - - - 13.98de 36.16c
E Tukey 7.26 0.73 0.61 0.73 0.33 0.56 1.03
O Cv (%) 5.44 151 1.68 1.36 1.11 0.78 0.95
Kontrol 6.62 a 16.04 a 13.96a 6.93a 6.88a 7.3la 10.28 a
Yulaf Cim Suyu 1.08 ¢ - - - - 0.37d 2.93f
5 %25 SYCS 3.87b 7.25b 1.10b 3.80b 160b 135D 6.05b
é %50 SYCS 3.19c - - 0.71c - 0.82c 4.76 C
E %75 SYCS 2.04d - - - - 0.64c 3.87d
g %100 SYCS 1l44¢ - - - - 0.19d 3.23¢
2L Tukey 0.47 1.26 0.10 0.10 0.08 0.24 0.30
-8 Cv (%) 6.74 4.39 1.61 2.22 2.36 5.74 2.50

SYGCS: Santrifijj edilmis yulaf ¢im suyu; *Ayni siitunda farkli harflerle gosterilen ortalamalar arasindaki fark énemlidir (P<0.05).

3.2. Siirgiin ve Kok Uzunlugu

Aragtirma sonuglarina gére Tablo 2 incelendiginde, santrifiij edilmis YCS dozlarinin artmasina bagh olarak
bitki tlrlerinin siirgiin ve kok uzunluklan azalmugtir. Bitki tiirlerinde en yiiksek siirgiin ve kok uzunlugu kontrol
grubunda belirlenmis olup, bu uygulamay1 %25 santrifiij edilmis YCS uygulamasi takip etmistir. Mercimekte
kontrol ile %25 santrifiij edilmis YCS konsantrasyonlarina ait kok uzunlugu degerleri arasinda istatistiki olarak
fark bulunmamugtir. Fasulyede en kiiglik siirgiin ve kok uzunlugu YCS uygulamasinda (¢imlenme olmus ancak
stirglin ve kok uzunlugu 6lgiilemeyecek sekildedir) belirlenmistir (Tablo 2). Mercimek, arpa, bugday ve yulafin
kok uzunluklart kontrolden sonra %25 santrifiij edilmis YCS konsantrasyonunda (sirastyla 1.37 cm, 5.72 cm, 2.14
cm ve 6.50 cm) belirlenmistir. Tiim bitki tiirlerinde YCS uygulamasi, mercimek, arpa ve yulafta %50, %75
ve %100 santrifiij edilmis YCS uygulamasi, bugday, aycicegi ve yoncada tiim santrifiij edilmis YCS dozlar
uygulamasinda, ¢cimlenme olmamasindan veya ¢imlenme olup fidelerin 6l¢tim yapilamayacak kadar kii¢iik olmasi
sebebiyle siirgiin ve kdk uzunlugu belirlenememis olup, buna paralel olarak yas ve kuru agirliklarn tespit
edilememistir.

Bitkilerin vejetasyon siireci boyunca ¢imlenme dénemi en kritik ve en hassas donemlerden birisidir (Ergin ve
Kaya, 2020). Bu kritik donemde tohumlara yiiksek dozda allelokimyasal uygulandiginda ¢imlenme orani, stirgiin
ve kok uzunlugu ile yas ve kuru agirliklarinda azalma belirlenirken; bazi diisiik dozlarda ise, fide gelisimini tegvik
ettigi saptanmustir (Maqgbool, 2010; Far ve Bagherzadeh 2018). Ayrica, bitkilerin ¢esitli nedenlerden dolay1 maruz
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kaldig1 stres faktorleri nedeniyle mitotik indeks ve hiicre béliinmesinde de azalmalara ve kromozom
anormalliklerine neden oldugu bildirilmektedir (Avalbaev ve ark., 2003; Tabur ve Demir, 2008). Sanchez-
Moreiras ve ark. (2004), yulaf bitki aksamlarindan hazirladiklari soliisyon ile yulafin ¢imlenme ve fide gelisimi
iizerine etkilerini arastirmiglardir. Calismada yulaftan hazirlanan bu soliisyonun yulaf tohumlarinin ¢imlenme,
siirgiin ve kok uzunlugu dzellikleri {izerine engelleyici (allelopatik) etki gosterdigini saptamislardir. Ozdemir
(2007), turp tiirleri ve salgam bitkilerinden elde ettigi bitki o6ziitleri dozlarini horozibigi, kisir yabani yulaf,
semizotu, yabani hardal {izerine uygulamis ve artan dozlara paralel olarak ¢imlenme ile slrglin ve kok
uzunluklarinda 6nemli dl¢iide azalma belirlemistir. Lam ve ark. (2012), bugday saplarmin aygigegi tohumlari
iizerine ¢imlenme ve fide gelisimine etkilerini belirledikleri ¢alismada, bugday saplarinin aygigegi, soya fide
gelisiminde allelopatik etkisi oldugunu tespit etmislerdir. Ergin ve Kaya (2020), yulaf ¢esitlerinde artan ekstrakt
dozlarinin fide gelisimini 6nemli seviyede engelledigini bildirmislerdir. Yapilan bu ¢alismalarin sonuglari elde
ettigimiz sonuglara benzerlik gdstermektedir.

Tablo 2. Farkl tiirlerin siirgiin ve kok uzunluguna (cm) ait degerler
Table 2. Shoot and root length (cm)values of different species

Uygulamalar Fasulye  Mercimek Arpa Bugday Yulaf Aygicegi  Yonca

Kontrol 1.62a* 6.15a 6.90a 9.14 14.01a 7.77 5.76

’En Yulaf Cim Suyu - - - - - - -

S %25SYGS 1.44 b 5.43 b 287b - 402b - -

5 %50SYCS 0.80¢c - - - - - -

§n %75 SYCS 0.44d - - - - - -

é %100 SYCS 0.36 e - - - - - -
Tukey 0.05 0.10 0.25 0.10 0.07 0.03 0.05
Cv (%) 2.74 2.21 6.71 2.81 1.17 1.18 1.97
Kontrol 15.67a 1.37 13.69a 12.15a 19.33a 7.70 1.79

- Yulaf Cim Suyu 154 f - - - - - -

80 925 SYCS 1258b  1.37 572b  2.14b 6.50b - -

S %50SYCS 8.17¢c - - - - - -

5 %75SYCS 457d - - - - - -

=§ %100 SYCS 2266 - - - - - -
Tukey 0.31 0.11 0.19 0.46 0.88 0.08 0.02
Cv (%) 1.80 10.01 6.71 0.8 8.87 2.75 3.44

SYGCS: Santrifiij edilmis yulaf ¢im suyu; * Ayni siitunda farkli harflerle gosterilen ortalamalar arasindaki fark énemlidir (P<0.05).

3.3. Fide Yas ve Kuru Agirlik

Caligmada farkli bitki tiirlerine ait yas agirhik degerleri, en yiiksek kontrol grubunda tespit edilmis ve bu
uygulamay1 %25 santrifiij edilmis YCS uygulamasi takip etmistir. Fide yas agirligi yoniinden fasulye ve
mercimegin %25 santrifiij edilmis YCS dozu ile kontrol grubu ayni istatistik grupta yer almistir. Fasulyede en
kiiciik yas agirhik degeri, %100 santrifiyj edilmis YCS konsantrasyonunda belirlenirken, YCS ve %75 santrifiij
edilmis, YCS konsantrasyonu ile aralarinda istatistiki olarak fark bulunamamustir (Tablo 3). Kuru agirlik yoniinden
fasulyede YCS uygulamalari incelendiginde ise, %25, %50 ve %75 santriflyj edilmis YCS dozlari ve yulaf ¢im
suyu (YCS) en yiiksek degerlere sahip olmus ve bu dort uygulama arasinda istatistiki bir fark belirlenememistir.
Mercimek, arpa, bugday yulaf tiirlerinin kuru agirliklari incelendiginde en yiiksek degerler kontrol grubunda tespit
edilmis olup, bu grubu %25 santrifiij edilmis YCS dozu takip etmistir. Aygigegi ve yonca tiirlerinde ise, YCS
uygulamalari ile fide 6zellikleri 6l¢iilemeyecek boyda oldugu icin yas ve kuru agirlik 6zellikleri belirlenememistir
(Tablo 3).

Allelokimyasallarin etkileri tiirden tiire degisebilmekte olup bir tiirde olumsuz, bir digerinde ise olumlu yonde
etki yapabilmektedir. Bu durum allelokimyasallarin tiiriine, konsantrasyonuna ve uygulama siiresine gore
degismektedir. Fakat, allelokimyasallar bitkilerin gelisimine genellikle olumsuz olarak etki etmektedir.
Allelokimyasallar bitkiler iizerine; fotosentezi azaltarak, biiylime ve solunum olaylarinda aksaklilara neden olarak,
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cimlenmeyi engelleyerek, hiicre bolinmesi Uzerine etki ederek, bitkilerin besin maddelerini absorbe etmesini
engelleyerek, kloroz, deformasyon, yaprak dokimi, kurumaya ve o6lim gibi olaylara neden olarak etki
etmektedirler (Yurttas Kiling, 2015). Ozbay (2018), farkl bitki tiirlerinden elde ettigi dziitleri biber tohumlarina
uygulamis ve bunun sonucunda, 6ziit uygulamalar1 kontrol ile kiyaslandiginda, fide yas ve kuru agirligi ile kok
yas ve kuru agirhigimin 6nemli dlgiide azaldigini ve buna bagh olarak fide gelisimini engelledigini saptamistr.
Aragstirict sonug olarak engelleme etkisi ve oranmin 6ziit elde edilen bitkilere ve 6ziit dozuna bagli olarak
degistigini bildirmistir. Far ve Bagherzadeh (2018), anason fidelerini toprak yiizeyinden kesip, kuruttuktan sonra
toz haline getirip soliisyon hazirlamislar ve farkli dozlarimi arpa, bugday, misir ve aygicegi tohumlar iizerine
uygulamiglardir. Calisma sonunda bugdayda %0 ve %25 anason ekstrakt dozlarinin fide ve kok uzunlugu lizerine
olumlu, artan dozlarinin olumsuz etkide bulundugunu, bu durumun aksine diger tiirlerde ise anason ekstrakt
uygulamalar ile fide ve kok uzunluklarinda azalma meydana geldigini ifade etmislerdir. Fide gelisimine paralel
olarak fide ve kuru agirlik 6zelliklerinde de bugday haricinde anason ekstrakt uygulamalar1 ile azalma
belirlediklerini ifade etmiglerdir.

Tablo 3. Farkl tiirlerin fide yas ve kuru agirligina (g) ait degerler
Table 3. Seedling wet and dry weights (g) of different species

Uygulamalar Fasulye ~ Mercimek Arpa  Bugday Yulaf  Aycicegi  Yonca

Kontrol 13.60a* 0.60 220a 1.83a 145a 398 0.64

e Yulaf Cim Suyu  11.39¢ - - - - - -

T %25SYCS 13.16ab  0.60 045b 0.95b 061b - -

& %50 SYCS 12.95b - - - - - -

£  %75SYCS 11.21¢ - - - - - -

~ %100 SYCS 11.03¢ - - - - - ;
Tukey 0.51 0.02 0.05 0.06 0.07 0.07 0.02
Cv (%) 1.82 5.09 5.03 5.37 8.62 4.25 9.01
Kontrol 2.81D 0.08a 029a 0.82a 0.13a 05 0.10

v Yulaf Cim Suyu  3.12a - - - - - -

=  %25SYCS 3.06a 0.07 b 0.24b 0.35b 007b - -

80 %50 SYGS 3.18a - - - - - -

= %75SYCS 312a - - - - - -

S _%100SYCS 2.83b - - - - - -
Tukey 0.15 0.00 0.01 0.05 0.00 0.01 0.01
Cv (%) 2.13 0.49 4.60 10.72 1.28 0.40 14.88

SYCS: Santrifijj edilmis yulaf ¢im suyu *Ayn siitunda farkl: harflerle gosterilen ortalamalar arasindaki fark onemlidir (P<0.05).

4. Sonug

Calismada yulaf ¢im suyunun kiiltiir ve yabanci otlarin ¢imlenme ve fide gelisim lizerine olumsuz etkisi
belirlenmistir. Bazi tiirlerde (yabani hardal, horozibigi, seker pancari, Italyan ¢imi ve kirmizi iicgiil) kontrol grupta
¢imlenme meydana gelmis olmasina ragmen, yulaf ¢im suyu ¢cimlenmeyi tamamen engellemistir. Santrifiij edilmis
yulaf ¢im suyu diisiik dozda uygulandiginda ise bu olumsuz etki tiirlere gore degismekle birlikte kismen azalmistir.

Yulaf ¢im suyu mineral madde, vitaminler, protein ve antioksidan igerikleri yoniinden zengin olmasina ragmen,
tohum ¢imlenmesi ve fide gelisiminde dogrudan bioaktivator olarak kullanilamayacagi belirlenmistir. Cim
sularinin icerdigi bircok allelopatik etkiye sahip maddeler tohum ¢imlenmesini engellemektedir. Ozellikle yulaf
bitkisinde bulunan saponin (avenacins), hidroxamik asit, skopoletin, L-triptofan gibi maddelerin tohum
¢imlenmesini engelledigi diisiiniilmektedir. Bu nedenle siirdiiriilebilir tarim uygulamalari igerisinde yulaftan elde
edilecek ¢im sularinin, kiiltiir bitkilerine olumsuz etkisi belirlendiginden, dogrudan herbisit olarak kullanilabilme
potansiyelinin de olmadig1 sdylenebilir.
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Determination of Energy Balance and Greenhouse Gas Emissions (GHG) of Cotton
Cultivation in Turkey: A Case Study from Bismil District of Diyarbakir Province

Tirkiye’de Pamuk Yetistiriciliginin Enerji  Bilancosu ve Sera Gazi Emisyonlariin
Belirlenmesi: Diyarbakir Ili Bismil Ilgesi Ornegi

Mehmet Firat BARANY, Osman GOKDOGAN?, Yilmaz BAYHAN?

Abstract

In this study, the energy balance and Greenhouse Gas Emissions (GHG) of cotton cultivation in Bismil district of
Diyarbakir province in Turkey was defined. The energy balance and GHG of cotton cultivation was computed by
conducting face to face surveys with 73 farms in the 2018-2019 cultivation season, which were selected by simple
random sampling method. The energy input and output in cotton cultivation were computed as 54 617.62 MJ ha
and 65 984.42 MJ ha'l, respectively. Energy inputs occurs of electricity energy with 18 608.40 MJ ha* (34.06%),
chemical fertilizers energy with 15 254.67 MJ ha™' (27.93%), diesel fuel energy with 14 364.68 (26.30%), irrigation
water energy with 3 559.50 MJ ha'! (6.53%), machinery energy with 1 152.79 MJ ha* (2.11%), chemicals energy
with 1 075.76 MJ ha'! (1.96%), seed energy with 307.98 MJ ha* (0.57%), human labour energy with 293.84 MJ
ha (0.54%), respectively. Total energy inputs in cotton cultivation can be classified as 67.43% direct, 32.57%
indirect, 7.62% renewable and 92.38% non-renewable. Energy use efficiency, specific energy, energy productivity
and net energy in cotton cultivation were computed as 1.21, 9.77 MJ kg, 0.10 kg MJ* and 11 366.80 MJ ha't,
respectively. Total GHG emissions were computed as 6 482.36 kgCO..egha™* for cotton cultivation with the greatest
input part for electricity with 47.94% (3 107.60 kgCO2-esha®). The electricity followed up nitrogen with 16.29%
(1 055.67 kgCOs.egha™), irrigation water with 14.82% (960.50 kgCOa-egha?), diesel fuel with 10.86% (704.08
kgCO2-eqhat), seed with 3.07% (199.14 kgCO2-eqhat), chemicals with 2.28% (147.76 kgCOx-eghat), phosphorous
with 1.78% (115.64 kgCOz-gha™), human labour with 1.62% (104.94 kgCOa-eghat), machinery with 1.26% (81.85
kgCO2-eghat) and potassium with 0.08% (5.18 kgCO..ghal), respectively. Additionally, GHG ratio value was
computed as 1.16 kgCOz-.gkg* in cotton cultivation.

Keywords: Energy use efficiency, Energy productivity, GHG ratio, Net energy, Specific energy
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Ozet

Bu calismada Tiirkiye’nin Diyarbakir ilinin Bismil il¢esinde pamuk yetistiriciliginin enerji bilangosu ve sera gazi
emisyonlarinin belirlenmesi amaglanmistir. 2018-2019 yetistiricilik sezonunda basit tesadiifi 6rnekleme
yontemine gore segilen 73 isletme ile ylizyiize anket yapilarak pamuk yetistiriciliginin enerji bilangosu ve sera
gaz1 emisyonu hesaplanmistir. Pamuk yetistiriciliginde enerji girdisi ve enerji ¢iktis1 sirasiyla 54 617.62 MJ ha™
ve 65 984.42 MJ ha! olarak hesaplanmustir. Girdiler sirastyla 18 608.40 MJ ha* (34.06%) ile elektrik enerjisi, 15
254.67 MJ ha (27.93%) ile kimyasal giibre enerjisi, 14 364.68 (26.30%) ile dizel yakit enerjisi, 3 559.50 MJ ha"
1 (6.53%) ile sulama suyu enerjisi, 1 152.79 MJ ha! (2.11%) ile makine enerjisi, 1 075.76 MJ ha! (1.96%) ile
kimyasal enerji, 307.98 MJ ha* (0.57%) ile tohum enerjisi, 293.84 MJ ha (0.54%) ile insan isgiicii enerjisinden
olusmaktadir. Pamuk yetistiriciliginde toplam girdi enerjisinin %67.43’ dogrudan, %32.57’si dolayl1, %7.62’si
yenilenebilir ve %92.38°1 ise yenilenemez olarak siniflandirilabilir. Pamuk yetistiriciliginde enerji kullanim
etkinligi, spesifik enerji, enerji verimliligi ve net enerji sirastyla 1.21,9.77 MJ kg%, 0.10 kg MJ ve 11 366.80 MJ
ha! olarak hesaplanmustir. Pamuk yetistiriciliginde toplam sera gazi emisyonu 6 482.36 kgCO2-sha olarak
hesaplanmis olup, en biiyiik oran %47.94 (3 107.60 kgCOz-egha?) ile elektrik olarak hesaplanmustir. Elektrigi
sirastyla %16.29 (1 055.67 kgCO2-sha?) ile azot, %14.82 (960.50 kgCO2-.sha?) ile sulama suyu, %10.86 (704.08
kgCOz.shal) ile dizel yakit, %3.07 (199.14 kgCOz.sha) ile tohum, %2.28 (147.76 kgCOa.sha™) ile
kimyasallar, %1.78 (115.64 kgCO2-shal) ile fosfor, 9%1.62 (104.94 kgCO2.sha?) ile insan isgiicii, %1.26 (81.85
kgCO2-cshat) ile makine ve %0.08 (5.18 kgCO2.cshat) ile potasyum takip etmistir. Ayrica pamuk yetistiriciliginde
GHG oran1 1.16 kgCO2-cskg™ olarak hesaplanmustir.

Anahtar Kelimeler: Enerji kullanim etkinligi, Enerji verimliligi, GHG orani, Net enerji, Spesifik enerji
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1. Introduction

Cotton is one of the most important products in the world agriculture, industry and trade because of its very
different and important utilization areas. In addition to the increasing world population, the increasing needs of
human beings for consumption increase, the importance of this versatile plant day by day. Growing interest in
natural fibers and rising living standards in the world increases the demand for cotton plants (Anonymous, 2020a).
According to the data of the International Cotton Advisory Committee (ICAC), 32.825 million hectares of cotton
were cultivated in the world in the 2018/19 cultivation period. In this season, 37% of the 32.825 million hectares
of cotton cultivated in India. India is followed by the USA, China, Pakistan and Brazil in the width of the
cultivation areas. As the result of the expansion of cotton cultivation areas in African countries in recent years,
despite the grow, Turkey has ranked 11" in terms of world cotton cultivation area (Anonymous, 2020b).

It is an important industrial plant that constitutes the raw materials with fiber in textile industry, oil obtained
from its core in vegetable oil industry, aperture and pulp in animal feed industry, linters in paper, furniture and
cellulose industry. Cotton is an important and strategic product that provides great benefits to our country's
economy with this wide area of use, added value and employment opportunities. Due to these features, it has a
contribution to the development of both agriculture and industry of the regions and countries grown (Anonymous,
2020c). Areas where have intensive cotton cultivation in Turkey; Aegean, Cukurova, Southeastern Anatolia
Regions and Antalya. In the 2017/18 cotton season, in 502 thousand hectares 882 thousand tons of cotton fiber
cultivation was made, and about 1 million 571 thousand tons of cotton was consumed in Turkey. In the 2017/18
cotton cultivation season, in return to 882 thousand tons of fiber cotton, 2.5 million tons of seed cotton was
cultivated, and fiber cotton yield was 1 820 kg ha'. Sanlurfa, Aydm, Hatay, Diyarbakir, Adana and Izmir have 6
provinces in Turkey that meets 88% of cultivation, respectively. Sanlurfa province alone meets 42% of all
production. The share of the other 23 cotton cultivating provinces in cultivation is between 0.1% and 1.3%
(Anonymous, 2020d). Since cotton is a selective plant in terms of climate characteristics, it can be grown in limited
places in our country (Karademir et al. 2015).

Semereci et al. (2019) reported that; “Agricultural production is widely mechanised which is powered by fossil
fuels. Although this provides more income, it decreases the level of labor force usage. Especially in developed
countries, fossil fuel usage levels in agricultural production are quite high, and the side effects of unconscious
energy consumption makes planned energy consumption inevitable (Oztiirk et al., 2015; Celen, 2016)”. In order
to evaluate productivity, it is a more practical approach to check the total energy value that is used in agricultural
production, to the energy value that is used from agricultural production (Oztiirk, 2011). In production efficiency
is defined as the ratio of the sum of weighted outputs to the sum of weighted inputs or as the ratio of the actual
output to the optimal output. The weights for inputs and outputs are guessed to the best benefit for each unit so as
to maximize its relative efficiency (Mukherjee, 2008; Mousavi-Avval et al., 2011). Rising the usage of energy
inputs in agriculture led to numerous environmental issues like high consumption of non-renewable energy
resources, loss of biodiversity, pollution of the aquatic environment by the nutrients N and P as well as by
pesticides (Nemecek et al., 2011; Khoshnevisan et al., 2013). Global warming is one of the most important subjects
in the last time. Agricultural GHG emissions account for 10-12% of all anthropogenic GHG emissions (Brown et
al., 1998; Khoshnevisan et al., 2013).

Several studies were performed on cotton agriculture energy balance in agricultural production. Studies were
done on energy balance of cotton (Singh et al., 2000; Yilmaz et al. 2005; Oren and Oztiirk, 2006; Polat et al. 2006;
Dagistan et al. 2009; Sehri 2012; Zahedi et al. 2014; Baran, 2016; Semerci et al., 2019). Many studies were
performed on energy balance in agricultural products. For example, studies were done on energy use efficiency of
maize (Konak et al., 2004), wheat (Tipi et al., 2009; Cicek et al., 2011; Gokdogan and Sevim, 2016; Unakitan and
Aydin, 2018), legume (Ertekin et al., 2010), lentil (Asakereh et al., 2010), corn silage (Barut et al., 2011), sunflower
(Bayhan, 2016; Akdemir et al. 2017; Unakitan and Aydin, 2018), chickpea (Marakoglu and Carman, 2009;
Marakoglu et al., 2010; Karaagag et al., 2019), sesame (Baran and Gokdogan, 2017), tomato (Hatirl1 et al., 2005;
Esengin et al., 2007; Saltuk, 2019). For example, studies were performed on GHG of cotton (Pishgar-Komleh et
al., 2012a), potato (Pisghar-Komleh et al., 2012b), wheat (Khoshnevisan et al., 2013), rice (Maraseni et al., 2018),
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field crops (Eren et al., 2019) etc. No studies related to the energy balance and GHG of cotton cultivation in
Diyarbakir province has been covered in this study. In this study, it was aimed to define the energy balance and
GHG in cotton cultivation in Bismil district of Diyarbakir province.

2. Materials and Methods

Diyarbakir province is in the central part of the Southeastern Anatolia Region at the northern end of Mesopotamia.
Siirt, Mus from the east; Mardin from the south; Sanlurfa, Adiyaman, Malatya from the west; It is surrounded by the
provinces of Elaz1§ and Bingdl from the north. Its area is 1 516 200 km?, between 37.905199 and 40.231934 north
latitudes and 40.37 and 41.20 east longitudes. It is surrounded by mountains that are not too high and its middle is
hollow. It is covered with 37% of mountains and 31% of plains. The plains are suitable for agriculture and fertile.
These fertile lands are irrigated by the Tigris River and its tributaries. It is 650 m above sea level. This height is 640 m
in some places and 660 m in some places (Anonymous, 2020e). Main material of this study consisted of primary data
that were collected from 73 cotton farms in Bismil district of Diyarbakir province in Turkey by face to face in 2018-
2019 cultivation season. Data of the study were collected from cotton farms which were defined by the Simple Random
Sampling Method. The equation 1 of the method that was used to define the sample size was given below (Cicek and
Erkan, 1996).

Nxs2xt2

N = N D@+ s2x) (Eg.1)

In the formula; n, is the required sample size; N, the number of total farms in the region; s, standard deviation;
t, the reliability coefficient (1.96 which represents, 95% confidence); d, acceptable error (5% deviation). The
acceptable error value was defined to be 5%, and the sample size was computed as 73. In order to define the sample
villages and farms, the Simple Random Sampling Method was used by means of data that were obtained from the
Farmers’ Registration System records of the Agriculture and Forestry Directorate. In Table 1, energy equivalents
of inputs and output were given as energy values in cotton cultivation. Energy balance computations were
performed to define the productivity levels of cotton cultivation. Input amounts were computed and then these
inputs data were multiplied by the energy equivalent coefficient. When defining the energy equivalent coefficients,
previous energy balance studies were used. By adding energy equivalents of all inputs in MJ unit, the total energy
equivalent was defined. Energy use efficiency, specific energy, energy productivity and net energy were computed
by using the following equations 2,3,4,5 (Mandal et al. 2002; Mohammadi et al. 2008; Mohammadi et al., 2010).

Energy output (h%l])

Energy use efficiency = : 5 (Ea.2)
Energy input (E)

Specific energy = o8 InPut ) (Eq.3)

P 9= Product output (%) 4

L. Product output (%)

Energy productivity = ——————ba~ (Eq.4)

Energy input (E)
Net energy = Energy output (MJ ha') - Energy input (MJ ha?) (Eq.5)

In this study, greenhouse gas emissions (GHG) coefficients of inputs in cotton cultivation were given in Table
2. Eren et al. (2019) reported that; “The GHG emissions (kgCO,.egha™) associated with the inputs to growing 1 ha
of plant were calculated as following adapted by Hughes et al. (2011). )’ where R(i) is the application rate of input
i (unitinpuha™®) and EF(i) is the GHG emission coefficient of input i (kgCOz-equnitinput 1). Morever, an index is
defined to evaluate the amount of emitted kgCOa.¢q per kg yield as following adapted Houshyar et al. (2015) and
Khoshnevisan et al. (2014). Where Ignc is GHG ratio and Y is the yield as kg per ha”.
GHGpg = Y™, R(i) x EF (i) (Eq.6)

GHGpq

lgue = v (Eq.7)
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Energy balance of cotton cultivation were defined were given in Table 3. Koctirk and Engindeniz (2009)
reported that; “The input energy can also be classified into direct and indirect, and renewable and non-renewable
forms. The indirect energy consists of pesticide and fertilizer while the direct energy includes human and animal
power, diesel and electricity energy used in the production process. On the other hand, non-renewable energy
includes petrol, diesel, electricity, chemicals, fertilizers, machinery, while renewable energy consists of human
and animal labour (Mandal et al. 2002; Singh et al. 2003)”. Energy use efficiency computations in cotton
cultivation were given in Table 4. Energy inputs of cotton cultivation in the form of direct, indirect, renewable and
non-renewable energy were given in Table 5.

Table 1. Energy equivalents in cotton cultivation

Energy equivalent

Inputs and outputs Unit coefficient References
Inputs Unit Values (MJ unit?) References
Mani et al. 2007;
Human labour h 1.96 Karaaga et al., 2011
Machinery h 64.80 Singh 2002; Kizilaslan, 2009
Chemical fertilizers
Nitrogen kg 60.60 Singh 2002
Phosphorous kg 11.10 Singh 2002
Potassium kg 6.70 Singh 2002
Chemicals kg 101.20 Yaldiz et al. 1993
. Mandal et al., 2002; Singh, 2002; Canakci
Microelements kg 120 and Akinci, 2006; Banaeian et al., 2011
Diesel fuel L 56.31 Singh, 2002; Demircan et al. 2006
Electricity kWh 3.60 Ozkan et al., 2004
Irrigation water m?3 0.63 Yaldiz et al., 1993
Seed kg 11.80 Singh, 2002; Yilmaz et al. 2005;
Output Unit Values (MJ unit?) Reference
Cotton kg 11.80 Singh, 2002; Y1lmaz et al. 2005

Table 2. Greenhouse gas (GHG) emissions coefficients in cotton cultivation

Inputs Unit GHG coefflc_| e_Tt References
(kgCOy.qunit™)

Nguyen, T.L.T. and Hermansen, 2012;

Human labour h 0.700 Eren etal., 2019

. Pishgar-Komleh et al., 2012b;
Machinery MJ 0.071 Eren et al., 2019
Nitrogen kg 4570 BioGrace-Il, 2015; Eren et al., 2019
Phosphorous kg 1.180 BioGrace-Il, 2015; Eren et al., 2019
Potassium kg 0.640 BioGrace-Il, 2015; Eren et al., 2019
Chemicals kg 13.900 BioGrace-Il, 2015; Eren et al., 2019
Diesel fuel L 2.760 Clark et al., 2016; Eren et al., 2019
Electricity MJ 0.167 BioGrace-I1, 2015; Eren et al., 2019
(for Turkey)
Irrigation water m3 0.170 Lal, 2004; Eren et al., 2019
Seed kg 7.630 Clark et al., 2016; Eren et al., 2019

3. Results and Discussion
According to surveys in cotton farms, the average amount of cotton cultivated per hectare during 2018-2019

cultivation season was computed as 5 591.90 kg ha’. If the average values are examined by referring to Table 3,
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it can be seen that the highest energy inputs in cotton cultivation were electricity energy with 18 608.40 MJ ha'*
(34.06%), chemical fertilizers energy with 15 254.67 MJ ha! (27.93%), diesel fuel energy with 14 364.68 MJ ha'
(26.30%), irrigation water energy with 3 559.50 MJ ha* (6.53%), machinery energy with 1 152.79 MJ ha'! (2.11%),
chemicals energy with 1 075.76 MJ ha'! (1.96%), seed energy with 307.98 MJ ha* (0.57%), human labour energy
with 293.84 MJ ha! (0.54%), respectively. In previous studies, Singh et al. (2000), Dagistan et al. (2009) and
Baran (2016) concluded in their cotton study that the chemical fertilizers energy usage had the first part 51.32%,
45.31% and 30.15% by respectively. Polat et al. (2006), Oren and Oztiirk (2006) and Zahedi et al. (2014) concluded
in their cotton study that the diesel fuel energy usage had the first part 27.47%, 41.24% and 47.40% by respectively.
Yilmaz et al. (2005) concluded in their cotton study that the irrigation water energy usage had the first part 31.10%,
Semerci et al. (2019) concluded in their cotton study that the electricity energy usage had the first part 36.61%.

Table 3. Energy balance in cotton cultivation

Inputs Unit Energy equivalent Input used Energy Ratio

(MJ unit?) per hectare value (%)
(unit ha't) (MJ hat)

Human labour h 1.96 149.92 293.84 0.54

Soil preparation h 1.96 8.13 15.94

Sowing h 1.96 1.37 2.69

Hoeing h 1.96 114.92 225.24

Fertilization h 1.96 1.32 2.59

Spraying h 1.96 6.78 13.29

Irrigation h 1.96 14.28 27.99

Harvest h 1.96 3.12 6.12

Machinery h 64.80 17.79 1152.79 2.11

Soil preparation h 64.80 5.12 331.78

Sowing h 64.80 111 71.93

Hoeing h 64.80 3.69 239.11

Fertilization h 64.80 1.21 78.41

Spraying h 64.80 4.71 305.21

Harvest h 64.80 1.95 126.36

Chemicals kg 101.20 10.63 1075.76 1.96

Chemical fertilizers 15 254.67 27.93

Nitrogen kg 60.60 231 13 998.60

Phosphorous kg 11.10 98 1087.80

Potassium kg 6.70 8.10 54.27

Microelements kg 120 0.95 114

Diesel fuel L 56.31 255.10 14 364.68 26.30

Electricity kWh 3.60 5169 18 608.40 34.06

Irrigation water m? 0.63 5650 3559.50 6.53

Seed kg 11.80 26.10 307.98 0.57

Total inputs 54 617.62 100

Output Unit Energy equivalent Output per Energy Ratio
(MJ unit?) hectare value (%)

(unit ha't) (MJ ha?)
Cotton kg 11.80 5591.90 65 984.42 100
Total output 65 984.42 100

Cotton, energy input, energy output, energy use efficiency, specific energy, energy productivity and net energy
in cotton plant cultivation were computed as 5 591.90 kg ha, 54 617.62 MJ ha?, 65 984.42 MJ ha't, 1.21, 9.77
MJ kg2, 0.10 kg MJ*and 11 366.80 MJ ha't, respectively (Table 4). In previous studies, Singh et al. (2000) defined
energy use efficiency as 10.20, Y1ilmaz et al. (2005) as 0.74, Oren and Oztiirk (2006) as 2.38, Polat et al. (2006)
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as 2.52, Dagistan et al. (2009) as 2.36, Sehri (2012) as 1.63, Zahedi et al. (2014) as 0.70, Baran (2016) as 3.79,

Semerci et al. (2019) as 1.11, respectively.

Table 4. Energy use efficiency computations in cotton cultivation

Computations Unit Values
Cotton kg ha* 5591.90
Energy input MJ hat 54 617.62
Energy output MJ hat 65 984.42
Energy use efficiency 1.21
Specific energy MJ kg * 9.77
Energy productivity kg MJ! 0.10
Net energy MJ hat 11 366.80

The part of energy inputs, used in the cotton cultivation, in accordance with the direct, indirect, renewable and
non-renewable energy groups were given in Table 5. As can be examined from Table 5, the total energy input used
in cotton cultivation can be classified as 67.43% direct and 32.57% indirect. As can be examined from Table 5,
the total energy input used in cotton cultivation can be classified as 7.62% renewable and 92.38% non-renewable.
Similarly, it was defined that the ratio of non-renewable energy was higher than the ratio of renewable energy in
cotton Singh et al. (2000), cotton (Yilmaz et al., 2005), cotton (Oren and Oztiirk, 2006), cotton (Polat et al., 2006),
cotton (Dagistan et al., 2009), cotton (Sehri, 2012), cotton (Zahedi et al., 2014), cotton (Baran 2016), cotton
(Semerci et al., 2019). Greenhouse gas emissions (GHG) of inputs in cotton cultivation were given Table 6.

Table 5. Energy inputs types for cotton cultivation

Type of energy Energy input (MJ hal) Ratio (%)

Direct energy @ 36 826.42 67.43

Indirect energy ° 17 791.20 32.57

Total 54 617.62 100

Renewable energy © 4161.32 7.62

Non-renewable energy ¢ 50 456.30 92.38

Total 54 617.62 100

Table 6. Greenhouse gas emissions (GHG) of inputs in cotton cultivation
_ GHG coefficient Input used GHG emissiTs Ratio
Inputs Unit (KgCOpequnit?) pel_' area (kgCOs.¢gha™) (%)
(unit ha®)
Human labour h 0.700 149.92 104.94 1.62
Machinery MJ 0.071 1152.79 81.85 1.26
Nitrogen kg 4.570 231 1 055.67 16.29
Phosphorous kg 1.180 98 115.64 1.78
Potassium kg 0.640 8.10 5.18 0.08
Chemicals kg 13.900 10.63 147.76 2.28
Diesel fuel L 2.760 255.10 704.08 10.86
Electricity MJ 0.167 18 608.40 3107.60 47.94
Irrigation water m3 0.170 5650 960.50 14.82
Seed kg 7.630 26.10 199.14 3.07
Total 6 482.36 100
1.16

GHG ratio (per kg)

Total GHG emissions were computed as 6 482.36 kgCOz.qha? for cotton cultivation with the greatest input
part for electricity (47.94%). The electricity followed up nitrogen (16.29%), irrigation water (14.82%), diesel fuel
(10.86%), seed (3.07%), chemicals (2.28%), phosphorous (1.78%), human labour (1.62%), machinery (1.26%)

328



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(2)

and potassium (0.08%), respectively. Additionally, GHG ratio value was computed as 1.16 kgCOa..qkg* in cotton
cultivation. In previous studies, Pishgar-Komleh et al. (2012a) computed the total GHG emission of cotton
cultivation as 1 195 kgCO,.gha?, Pishgar-Komleh et al. (2012b) computed the total GHG emission of potato
cultivation as 992.88 kgCO;-.ghat, Khoshnevisan et al. (2013) computed the total GHG emission of wheat
cultivation as 2 711.58 kgCOa.ghat, Mohammadi-Barsari et al. (2016) computed the total GHG emission of
watermelon cultivation as 461.41 kgCOz.egha®, Eren et al. (2019) computed the total GHG emission of sugar beet
cultivation as 4 742.69 kgCO2eqha* etc.

4. Conclusions

Based on this study following conclusions were defined on cotton cultivation.

The energy inputs of electricity energy 18 608.40 MJ ha™ (34.06%), chemical fertilizers energy with 15 254.67 MJ
ha? (27.93%) and diesel fuel energy with 14 364.68 (26.30%) were the first, second and third part in the total energy
inputs. Reducing of the electricity usage, chemical fertilizers usage and diesel fuel usage are the most suitable ways of
energy management in this study.

Energy use efficiency, specific energy, energy productivity and net energy in cotton cultivation were computed as
1.21,9.77 MJ kg%, 0.10 kg MJ* and 11 366.80 MJ ha'?, respectively. Total energy inputs in cotton cultivation can be
classified as 67.43% direct, 32.57% indirect, 7.62% renewable and 92.38% non-renewable. Reducing of chemical
fertilizers (nitrogen, phosphorous and potassium) inputs and increasing of energy use efficiency is important for energy
balance. Thus, farmyard manure usage should be increased.

Total GHG emissions were computed as 6 482.36 kgCO.egha for cotton cultivation with the greatest part for
electricity 3 107.60 kgCOg.egha® (47.94%). The electricity followed up nitrogen 1 055.67 kgCOz.eqha™ (16.29%),
irrigation water 960.50 kgCOa-egha (14.82%), the second and third part in the total GHG emissions, respectively.

Applying soil analysis to specify the soil fertilizer needs (to reduce high chemical fertilizer energy usage and GHG
emissions), usage efficient electric pumps for irrigation, changing the traditionally irrigation systems to modern ones
and usage wheat variety with high productivity are strongly submitted (Khoshnevisan et al., 2013). By following these
recommendations yield and energy ratio will increase in cotton cultivation.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tekirdag ili Bag Alanlarinda Gériilen Yabanci Ot Tiirleri, Yogunluk ve Rastlama
Sikliklarinin Belirlenmesi

Determination of Weed Species, Density and Frequency of Occurence in the Vineyards of
Tekirdag Province

Adnan KARAY, Erdal ATA?

Ozet

Uziim; icerdigi yiiksek seker ve kalorisi, baz1 mineral maddeleri ve vitaminleri ile 6nemli bir besin maddesidir.
Ayrica mineral maddelerden kalsiyum, potasyum, sodyum, demir ile A, B1, B2, Niacin ve C vitaminleri yoniinden
de 6nemli bir kaynak olarak kabul edilmektedir. Birlesmis Milletler Gida ve Tarim Orgiiti FAO 2018 yili
verilerine gore diinyada yaklasik 7.2 milyon ha alan iizerinde 79 milyon ton iiziim iiretimi gergeklesmistir.
Diinyada en ¢ok bag alanina sahip olan Ispanya, Cin ve Fransa’dir. Tiirkiye 417 bin ha bag alami ile 5. sirada yer
almaktadir. Uretim bakimindan ilk ii¢ sirada Cin, Italya ve ABD yer almakta ve Tiirkiye %5’lik oran ve 3.9 milyon

tonluk {iiretimle 6. sirada yer almaktadir. Tiirkiye konumu geregi bagcilik icin elverisli bir iklim kusagindadir.
Diger kiiltiir bitkilerinde oldugu gibi bag alanlarinda da yabanci otlar, 6zellikle su, besin maddesi ve 151k gibi bitki
gelisimini dogrudan etkileyen faktorler basta olmak iizere ortamdaki diger pek ¢ok kaynaga ortak olmakta ve
salgiladiklar allelopatik kimyasallarla kiiltiir bitkisi gelisimini olumsuz yonde etkilemektedirler. Ayrica kiiskiit
(Cuscuta monogyna Vahl,) gibi parazit yabanci otlar, dogrudan asmalarin geng gévde ve siirgiinlerini penetre
ederek, bitkileri zayif diigiirmektedir Tekirdag ili bag alanlarindaki yabanci ot tiirlerini, yogunluk ve rastlama
sikliklarini belirlemek i¢in yapilan bu calisma, 2015 yili Temmuz-Agustos aylarinda gerceklestirilmistir. Bu
amagla Tekirdag iline baglh 2 il¢ede, toplam 50 bag alaninda siirvey yapilmistir. Yapilan aragtirmalar sonucu 23
familyaya ait 65 adet yabanci ot tiirli belirlenmistir. Bu yabanct otlardan Convolvulus arvensis, Cynanchum
acutum, Chenopodium album, Solanum nigrum, Sorghum halepense Amaranthus retroflexus, Portulaca oleracea,
Cynodon dactylon, Cirsium arvense ve Setaria viridis tiirleri en yogun tiirler olarak belirlenmistir. Rastlama
sikliklarma gore ise; C. arvensis,C. .album, S. nigrum, S.. halepense, A. retroflexus, Xanthium strumarium, C.
arvense, Cynanchum acutum ve Lactuca serriola tiirleri 6n plana ¢ikmigtir.
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Abstract

Grape is an important nutrient with its high sugar and calories, some mineral substances and vitamins. It is also
regarded as an important source of calcium, potassium, sodium and iron, and vitamins A, B1, B2, Niacin and C .
According to the United Nation Food and Agriculture Organization (FAO) 2018 data, 79 million tons of grapes
were produced on approximately 7.2 million hectares in the world. Spain, China and France have the largest
vineyard areas in the world. Turkey, ranks fifth with 417 thousand ha vineyard. China, Italy and USA are in the
top three in terms of production and Turkey ranks 6th with 3.9 million tons production and 5% rate. Turkey, due
to its location, is a favourable climate for viticulture. As in other cultivated plants, weeds in vineyards shared many
other resources in the environment especially factors that directly affect plant growth such as water, nutrients and
light with viticulture and they affect the growth of cultivated plants negatively with the allelopathic chemicals they
secrete. In addition, parasitic weeds such as dodder (Cuscuta monogyna) weaken the plants by penetrating directly
into the young stems and shoots of the viticulture. This study was carried out in July-August 2015 to determine
the weed species, density and frequency of occurrence in the vineyard areas of Tekirdag province. To do this,
survey were realized on an area covering 50 vineyards in two towns of Tekirdag province. As a result of the
researches, 65 weed species belonging to 23 families were determined. Among these, Convolvulus arvensis,
Cynanchum acutum, Chenopodium album, Solanum nigrum, Sorghum halepense, Amaranthus retroflexus,
Portulaca oleracea, Cynodon dactylon, Cirsium arvense. and Setaria viridis were the most frequently determined
10 species. According to their frequencies; Convolvulus arvensis, Chenopodium album, Solanum nigrum, Sorghum
halepense, Amaranthus retroflexus, Xanthium strumarium, Cirsium arvense, Cynanchum acutum, Lactuca serriola
species came front.

Keywords: Weed, Vineyard, Density, Frequency, Tekirdag
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1. Giris

Uzuim (Vitis vinifera L.), icerdigi yiiksek seker ve kalorisi, baz1 mineral maddeleri ve vitaminleri ile énemli bir
besin maddesidir. Ayrica mineral maddelerden kalsiyum, potasyum, sodyum, demir ile A, B1, B2, Niacin ve C
vitaminleri yoniinden de 6nemli bir kaynak olarak kabul edilmektedir (Kiract ve ark. 2005). Uziimiin %70-85
kadar1 da sudur. Uziimiin pek ¢ok ¢esidi yetisir ve bunlar degisik renk ve tatlarda oldugu gibi ¢ekirdekli ve
¢ekirdeksiz cesitleri de vardir (Anonim, 2018).

Cesitli kaynaklara bakildiginda; yabani asmanin (V. vinifera L. subsp. sylvestris (Gmelin) Hegi) ilk kez
Kuzeydogu Anadolu ile Kafkas Daglar arasinda yer alan bolgede yetistirildigi goriilmektedir. Anadolu, asmanin
anavatani olarak bilinen bolgeler igerisinde yer alan eski ve koklii bir bagcilik kiiltiiriine sahiptir (Celik, 2013).
Uziim, daha ¢ok taze olarak sofralik, kuru {iziim ve sarap olarak degerlendirilmekle birlikte; alkol, sirke, pekmez,
sucuk, pestil, bastik, recel gibi gida iiriinlerine de islenebilmektedir. Ayrica Tiirkiye’nin bazi1 bolgelerinde iiretilen
kofter, bulama, hardaliye vb. oldugu gibi {izim bir¢cok yoresel/geleneksel iriinlerin de hammaddesidir.
Yemeklerde kullanmak amaciyla toplanip salamuraya islenen asma yapraklari ise, liziimden sonra asmanin ikinci
bir {iriinii olarak yaygin olarak degerlendirilmektedir (Kiraci ve Senol 2017).

Diinyada 2018 yilinda 7,2 milyon ha alanda iiziim {iretilmektedir. Tiirkiye bag alani agisindan yaklagik 417 bin
ha ve %6’ lik pay ile Ispanya (%16), Gin (%11), Fransa (%11) ve italya’dan (%9) sonra 5. sirada yer almaktadir.
Tiirkiye’yi ABD (%5) ve Arjantin (%3) takip etmektedir. Diinya Gida Orgiitii (FAO) verilerine gére 2018 yilinda,
bir 6nceki yila gore tretim miktar1 %8.4; alan ise %3.4 artis gostermistir. Son bes yillik (2014-2018) veriler
incelendiginde ise tiztim Uretiminin 74 milyon tondan, 79 milyon tona, alanin da 70.2 milyon da’ dan 71.6 milyon
da’ a yiikseldigi goriilmektedir. Tiirkiye’de 2018 yilinda toplam 4,7 milyon da alanda 1,9 milyon ton sofralik, 1,5
milyon ton kurutmalik, 500 bin ton saraplik {iziim tiretimim gergeklesmistir. Tiirkiye ihracatt Rusya ve Irak gibi
iilkeler basta olmak {izere Avrupa Birligi iilkeleri ve Tiirki Cumhuriyetlere gerceklestirmektedir. Bu iilkeler bir
yandan yeni bag alanlar1 da tesis etmektedirler (Anonim, 2020b).

Trakya bolgesi gerek bag alanlarinin genisligi ve gerekse de iiziim iiretimi ve islenmesi agisindan 6nemli bir
potansiyele sahiptir Trakya yoresinde bagcilik yoniinden en 6nemli il Tekirdag’dir. Bu ilimizin 6zellikle Sarkdy
ilgesinde hem sofralik hem de yogun bir sekilde saraplik {iziim gesitleri yetistirilmektedir. Bolgede yeni kurulan
baglarda telli terbiye sistemleri tercih edilmekle birlikte, baglarn biiyiik cogunlugu hala farkli gévde yiiksekligine
sahip goble seklindedir. Bolgenin Avrupa pazarina yakin olusu gerek sofralik {iziim, gerek sarap ihracati agisindan
onemli bir avantajdir (Durgut ve Arin, 2005).

Bagcilikta {irlinii etkileyen etmenler arasinda yabanci otlarin 6énemli bir yeri vardir. Bunlar direkt rekabete
girerek zararli olduklart gibi birgok hastalik etmeni ve zararlilara da konukguluk ederek dolayli yollarla da iiriin
azalmasina neden olurlar. Baglarda yabanci otlarin direkt neden oldugu verim kaybinin %10.1 oldugu
kaydedilmektedir. Diger kiiltiir bitkilerinde oldugu gibi; bag alanlarinda da yabanci otlar rekabete girerek hem
yeni tesis edilen hem de verim ¢agindaki asmalarda gelismeyi olumsuz yonde etkilemekte, 6nemli verim ve kalite
kay1plarina neden olmaktadirlar (Cramer, 1967; Ozer ve ark., 2001; Ozcan ve ark., 2014). Bag alanlarinda yabanci
otlarm lizlime gore daha fazla besin elementi (N, P, K) kaldirdigi ve suyu ¢ok daha fazla kullandiklari bilinmektedir
(Oraman, 1959; Farkhadi, 1968). Ozellikle nispeten kurak ve dengeli giibreleme yapilmayan bag alanlarinda
yabanci otlarla rekabet sonucu iiziim veriminde biiyiik kayiplar olusmaktadir. iklim degisikliginin etkileri de
dikkate alindiginda sulanmayan bag alanlarinda yabanci otlarin 6neminin daha da artacagi diisiiniilmektedir. Boyle
alanlarda yabanci ot kontrolii ayn1 zamanda suyun etkin kullanimmni gerek kilacaktir (Ozer ve ark. 2001). Zira,
iklim degisikligiyle yabanci ot-kiiltiir bitkisi rekabetinin daha c¢ok kiiltiir bitkisi aleyhine degisecegi ve yabanct
otlar kontrol altina alinamadig1 zaman, yabanci otlardan kaynaklanan verim kayiplarmin daha da artacagi tahmin
edilmektedir. Hatta baz1 bolgelerde bitkisel {iretimin nerede ise imkansiz hale gelebilecegi beklenmektedir (Onen
ve Ozcan, 2010).

Baglarda tiim sezon boyunca miicadele edilmeyen yabanci otlarin tiziim verimini %37, ¢ubuk agirligini %68,
asma basina salkim sayisini %28 ve tane agirligin1 %3 oraninda azalttigi saptanmustir (Byrne ve Howell, 1978).
Ozellikle nispeten kurak ortamlarda kurulan ve dengeli giibreleme yapilmayan bag alanlarinda yabanci otlarla
rekabet sonucu bilyiik kayiplar olugmaktadir. iklim degisikliginin etkileri de dikkate alindiginda ozellikle
sulanmayan bag alanlarinda yabanci otlarin 6neminin daha da artacagi diisiiniilmektedir. Boyle alanlarda yabanci
ot kontrolii aym zamanda suyun etkin kullanimi anlamina gelecektir (Ozer ve ark., 2001).
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Ayrica, yabanci otlar kiiltiir bitkilerinde homojen olmayan biiyiime ve olgunlagsmaya neden olmakta, allelopatik
ozellikleriyle kiiltiir bitkilerini olumsuz etkilemekte, siiriimii ve hasadi gii¢lestirerek iiretim maliyetlerini
yiikseltmekte, pek ¢ok hastalik ve zararl etmene yataklik yapmakta ve insan ile hayvanlarda zehirlenmelere neden
olmaktadirlar. Ayrica yar1 ve tam parazit olarak kiiltiir bitkileri lizerinde yasayarak 6énemli verim kayiplarina neden
olurlar (Racz ve Siaba, 1971; Ozer ve ark., 2001; Onen, 2015; Ozaslan ve ark., 2013; Ozaslan, 2016; Ozaslan ve
ark., 2017). ispanya’da bag alanlarinda yapilan bir ¢aligmada 7 yabanci ot tiiriiniin kok ur nematodu (Meloidogyne
spp.) ile bulasik oldugu belirlenmistir (Castillo ve ark., 2008). Bununla birlikte baz1 yabanci otlar da thripslerin
tasidig1 onemli viriis hastaliklarinin konukgusu olmasi bakimindan énemlidir (Cho ve ark., 1986, Stobbs ve ark.,
1992). Yabanci otlanmanin yogun oldugu baglarda, o6zellikle fungal hastalik etmenlerinin populasyonu ve
enfeksiyon riski artmaktadir. Ozellikle C. monogyna gibi bag omcalari {izerinde tam parazit olarak yasayan ve
bagin hem topraktan aldigi su ve besin elementlerini, hem de fotosentez tiriinlerini kullanarak bagi zay1f diisiiren
ve zamanla dldiiren tam parazit yabanci otlar verim ve kaliteyi 6nemli 6l¢iide etkiler. Bunun yani sira C. dactylon,
C. arvensis, Cyperus rotundus, C. arvense, S. halepense ve Malva sylvestris gibi kuvvetli gelisen, derin kdk
sistemine sahip, vejetatif olarak da ¢ogalabilen ¢ok yillik yabanci otlar daha biiyiik 6nem arz etmektedir (Kitis,
2011).

Ulkemizin farkli bolgelerinde bag alanlarinda sorun olan yabanci otlarin belirlenmesine yénelik olarak siirvey
calismalari yapilmistir (Karaca ve Ulug, 1982; Ulug, 1989; Kacan, 2014; Kacan ve Boz, 2015; Ozcan, 2016; Topgu
ve Cangi, 2017; Ata, 2019; Pekcan Kacar ve Ozaslan, 2020). Ulkemizde bag alanlarinda A. retroflexus, Avena
spp.,Capsella bursa-pastoris, C. arvensis, Conyza canadensis, C. dactylon, Hordum murinum, L. serriola,
Matricaria chamomilla, Malva neglecta, Papaver rhoeas, Phalaris mindr, Polygonum aviculare, P. oleracea,
Sinapis arvensis, S. halepense, Stellaria media, Tribulus terrestris, Veronica hederifolia ve X. strumarium
tiirlerinin sorun oldugu bilinmektedir (Giincan ve Karaca, 2018; Tepe, 2014; Kagan ve Boz, 2015; Kaplan ve
Bayhan, 2016; Ata, 2019).

Yabanci iilkelerde da bag alanlarindaki yabanci ot tiirleri ve yogunluklarinin belirlenmesine yonelik birgok
calisma bulunmaktadir. Macaristan’da (Ubrizsy, 1967). Yunanistan’da (Daris, 1968); Avustralya’da (Graham
1969); Fransa’da (Barralis ve Douhard, 1969); Yeni Zelanda’da (Dastgheib ve Frampton, 2000) ve Hirvatistan’da
(Purgar ve Hulina, 2004) yapilan ¢aligmalara bakildiginda bazi yabanci ot tiirlerinin benzerlik gosterdigi
gortlmektedir. Survey ¢aligmalari genel olarak ele alindiginda benzer tiirlerin daha ziyade C. arvense, Veronica
spp., T. terrestris, C. album, A. retroflexus, S. media, T. officinale, L. purpureum, P. Oleracea, Taraxacum
officinale, S. nigrum, C. arvense ve C. dactylon gibi hemen hemen diinyanin biitiin kitalarinda goriilen ve biitiin
tarim sistemlerine adapte olmus kozmopolit tiirlerden (Holm ve ark. 1977; Ozer ve ark. 2001) olustugu
gorilmistiir.

Siirdiiriilebilir bir iiretim i¢in bag alanlarinda yabanci ot miicadelesi bir zorunluluk olarak kargimiza
¢ikmaktadir. Ancak genel olarak yabanci ot sorununun bolgeden bolgeye hatta tarladan tarlaya gore degiskenlik
gosterdigi dikkate alindiginda yabanci otlar ile bagarili bir sekilde miicadele edilebilmesi igin 6ncelikle sorun olan
yabanci ot tiirleri ile bunlarin yayginlik ve yogunluklarinin saptanmasi gerekir. Bu ¢alisma Tekirdag ili bag
alanlarinda goriilen yabanci ot tiirlerinin belirlenmesi ve bu tiirlerin ildeki bag {iretim alanlarindaki yogunluk ve
rastlanma sikliklarmin tespit edilmesi amaciyla yiiriitiilmiistir.

2. Materyal ve Metot

Calismanin ana materyalini Tekirdag Ili bag alanlar1 ve bu alanlarda goriilen yabanci ot tiirleri olusturmustur.
Siirvey ¢aligmalari bag alanlarinin yogun olarak bulundugu Siileymanpasa ve Sarkoy ilgelerinde 2015 yilinda
yiiriitiilmiistiir. Ornekleme i¢in gidilen noktalarin se¢iminde bag iiretim alanin genis olmasina ve birbirinden farkli
yonlerde ve uzak olmalarina 6zen gosterilmistir. Siirvey noktalarinda kenar tesirini ortadan kaldirmak icin 1/4
m?’lik cerceve 15-20 m igerden atilmaya baslanmistir. Ornekleme sayis1 bag alanlarnin biiyiikliigiine gére
yapilarak; 1-5 da alana kadar 4, 5-10 da arasinda 6 ve 10 dekardan daha biiyiik bag alanlari i¢in en az 8 defa
cerceve atilmistir (Bora ve Karaca 1970). Cerceve igerisindeki yabanci ot tiirleri ve yogunluklar (adet/m?)
kaydedilmistir. Yabanci ot tiirlerini sayarken, genis yaprakli yabanci otlar tiim bitki olarak, dar yaprakli olanlarda
ise her bir kardes (basak) bir bitki olarak kabul edilmis ve siirvey formlarina bu sekilde islenmistir.

Yogunluk (bitki/m?) hesaplanmasinda cerceve igine giren yabanci otlarin cins ve tiirlerine gdre bireyler
sayilarak, her ¢ercevede tiirlere ait bitki sayilar1 dort ile garpilarak atilan gergeve sayisina gore aritmetik
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ortalamalar alinmig ve yabanci otlarin o sayim noktasindaki yogunluklari hesaplanmistir. Belirlenen bu alanlarda
gergeve sayisina gore yabanci otun yogunlugu ve rastlanma sikligi Odum (1971) ve Uygur (1991)’den yararlanarak
hesaplanmistir. Bora ve Karaca (1970)’dan yararlanilarak yabanci ot tiirlerinin ilgeler diizeyindeki yogunlugu
agirhikli ortalama esasina gore yapilmustir. Yogunluk (bitki/m?) gergeve igine giren yabanci otlarin cins ve tirlerine
gore bireyler sayilarak, aritmetik ortalamalar1 almmis ve yabanci otlarin m?’deki tiir yogunluklar: hesaplanmustir.
Belirlenen bu alanlarda gergeve sayilarina gore yabanci otun yogunlugu ve rastlanma sikligit Odum (1971) ve
Uygur (1991)’den yararlanarak esitlik 1 yardimryla hesaplanmistir:

Y=P/C (Es.1)

Y= Yogunluk (bitki/m?)

P = Cerceveye giren bir bitki tlrunin fert sayisi

C = Atilan gergeve sayist

Yabanci ot tiirleri ve bunlarin sayilart belirlendikten sonra popiilasyonun degerlendirilmesinde kullanilan her
bir tiiriin Rastlama Sikligi(RS) hesaplanmistir. Rastlama sikliginin belirlenmesinde g¢ergeve igerisine girip
girmedigine bakilmaksizin ortamda bulunan biitiin yabanci otlar kaydedilerek degerlendirilmistir. Odum (1971)'e
gore rastlanma sikliklart hesaplanmig ve hesaplamada asagidaki esitlik 2 kullanilmistir.

RS=N/M*100 (Es.2)

RS=Rastlanma siklig1 (%)

N= Her tiiriin bulundugu siirvey noktasi sayist

M= Ornekleme yapilan toplam siirvey noktas1 sayis1

Ayrica tiirlerin yogunluklarinin derecelendirilmesinde Ustiiner ve Giincan (2002) tarafindan gelistirilen
yabanc1 ot yogunluk skalas1 kullanilmistir. Bu skalaya gore (adet/m?);

A: Cok yogun (ortalama >10) B: Yogun (ortalama 1-10 aras1) C: Orta yogun (ortalama 0.1-1aras1), D: Az yogun
(ortalama 0.01-0.1aras1), E: Nadir rastlanan (ortalama 0.01’den az) olarak degerlendirilmistir.

Siirvey yapilan ilceler ve mahalleler Tekirdag il Tarim ve Orman Miidiirliigii kayitlarmdan elde edilen veriler
dogrultusunda bagciligin en yogun yapildigr alanlarda gergeklestirilmistir. S6z konusu siirvey bolgesi, Tekirdag
ili; Siileymanpasa ilgesi Barbaros Mahallesi, Sarkdy ilgesi; Gazikdy Mahallesi, Giizelkéy Mahallesi ve Kirazli
Mabhallesidir. Siirvey alanlari, isgiicii, ulasim durumu, yolda ve sayimlar sirasinda gecen zaman ve sayimi
yapilacak yabanci ot tiirlerinin fazla olmasi ihtimali g6z 6niinde bulundurulmustur. Temmuz ve Agustos aylarinda
toplam 50 bag alaninda siirvey yapilmistir. Tlgelere gére siirvey yapilan bag alan1 sayis, ilgelerin il genelinde bag
tretim alanlar igerisindeki pay1 goz 6niine alinarak hesaplanmig ve toplam 50 olan bag alani sayisi, Tablo 1’de
goriildiigii gibi dagitilmistir.

Tablo 1. Tekirdag ilinde siirvey yapilan yerler, siirvey yapilan bag sayisi ve toplam bag ekim alanlari
(Anonim, 2019)

Table 1.Data of grape production in Tekirdag province and the number of surveyed area (Anonim, 2019)

Siileymanpasa Sarkoy
Mahalleler Barbaros Gazikdy Guzelkdy Kirazli Toplam
Survey yapilan 705 245 300 110 1.360
alan (da)
Tarla sayisi 20 10 10 10 50
Toplam tretim 757 887 1189 1236 3557

alani(da)

Ayrica bitkilerin teshisi amacuiyla siirvey esnasinda yeteri kadar bitki 6rnekleri alip, bitkilere ayr1 ayri numaralar
verilerek bunlar teshise uygun hale getirmek igin gazete kagitlart arasinda herbaryum teknigine uygun olarak
preslenerek kurutulmus ve daha sonra standart lgiilerdeki kartonlara yapistirilmistir. Arastirma sonucu yabanci
ot tiirlerinin tams1 Canakkale Onsekiz Mart Universitesi Fen Edebiyat Fakiiltesi Biyoloji Anabilim Dali Ogretim
Uyesi Dog. Dr. Ersin KARABACAK tarafindan yapilmistir.

3. Arastirma Sonuclari ve Tartisma
Tekirdag ili ve ilgelerinde bag alanlarinda yapilan survey sonucunda 24 familyaya ait 65 adet yabanci ot tiirii
belirlenmistir (Tablo.2).
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Tablo 2. Tekirdag ili bag alanlarinda saptanan yabanci ot tiirlerinin familyalary, bilimsel ve tiirkce adlart

Table 2. Their families, scientific and turkish names which determined weed species

Familya adi

Bilimsel ad1

Tiirkce ad1

Amaranthus albus L.
Amaranthus retroflexus L.

Horoz ibigi
Kirmizi kokli tilki kuyrugu

Amaranthaceae Salsola tragus subsp. tragus L. Soda otu
Daucus carota L. Yabani havug
Apiaceae Echinophora tenuifolia L. subsp. sibthorpiana (Guss.) Tutin Tarhana otu
Scandix pecten-veneris L. Ziihre taragi
Apocynaceae Apocynum venetum L. subsp. sarmatiense (Woodson) Pembekiz
Cynanchum acutum subsp. acutum L. Siitlii sarmagik
Anthemis cotula L. Pis kokulu kopek papatyasi
Centaurea cuneifolia Sibth. & Sm. Kirkdiigme
Centaurea solstitialis L. Giines dikeni
Chondrilla juncea L. Akhindiba
Cirsium arvense (L.) Scop. Kdygoclren
Asteraceae

Conyza bonariensis (L.) Cronquist
Crepis foetida L.

Echinops ritro L.

Helminthotheca echioides (L.) Holub.
Lactuca saligna L.

Lactuca serriola L.

Senecio vulgaris L.

Xanthium strumarium L.

Tuyli pire otu

Pis kokulu hindiba
Tiiysiiz esek dikeni
Dikenli 6kiiz dili
Yabani marul
Dikenli yabani marul
Imam kavugu
Domuz pitragi

Boraginaceae

Echium angustifolium Miller
Heliotropium europaeum L.
Nonea atra Griseb.

Dar yaprakli engerek otu
Bozot
Bag sormugu

Brassicaceae

Brassica nigra (L.) Koch.
Capsella bursa-pastoris (L.) Medik

Kara hardal
Coban cantasi

Caprifoliaceae

Knautia integrifolia (L.) Bert. var. bidens (Sm.) Borbas

Tarla siraca otu

Chenopodiaceae

Chenopodium album L
Atriplex hastata L.

Sirken

Convolvulaceae

Convolvulus arvensis L.

Tarla sarmasig1

Cuscutaceae

Cuscuta campestris Yunck.

Tarla kuskti

Euphorbiaceae

Chrozophora tinctoria (L.) A.Juss.
Euphorbia altissima Boiss. var. altissima
Euphorbia falcata L.

Euphorbia chamaesyce L.

Mercurialis annua L.

Bambul otu
Siitlegen, Kabargag
Tirpanvari siitlegen
Algak boylu siitlegen
Yer feslegeni

Medicago orbicularis (L.) Bartal.

Diigmeli Yonca

Fabaceae Trifolium angustifolium L. Dar yaprakl tiggiil
Vicia cracca L. subsp. cracca Kus figi

Gentianaceae Schenkia spicata (L.) G.Mans. Kanton

Geraniaceae Geranium molle L. Yumusak 1tir

Hypericaceae Hypericum triquetrifolium Turra Kizilot

Malvaceae Hibiscus trionum L. Yabani bamya
Malva alcea L. Ebeglimeci
Malvella sherardiana (L.) Jaup. & Spach Yalanci ebegiimeci

Onagraceae Epilobium roseum (Schreb.) Schreb. subsp. roseum Esekgiilii

Plantaginaceae Plantago major L. subsp. intermedia (Gilib.) Lange Iri sinir otu
Avena fatua L. Yabani yulaf
Cynodon dactylon (L.) Pers. var. dactylon Képek disi ayrig1
Digitaria sanguinalis (L.) Scop. Catal otu

Poaceae Eragrostis cilianensis (All.) Vign. Lut. ex Janch. Cay1r giizeli

Hordeum murinum L.
Lolium perenne L

Duvar arpasi
Ingiliz ¢imi

Phragmites australis (Cav.) Trin. ex Steud. Kamis

Setaria viridis (L.) P. Beauv. Yesil kirpi dar1

Sorghum halepense (L.) Pers. Kanyas

Polygonum aviculare L. Coban degnegi
Polygonaceae Polygonum patulum subsp. pulchellum (Lois.) Leb. Giizel ¢coban degnegi

Rumex crispus L. Kivircik labada
Portulacaceae Portulaca oleracea L. Semiz otu
Primulaceae Anagallis arvensis L. var. caerulea (L.) Gouan Farekulagi
Solanaceae Datura stramonium L. Seytan elmasi

Solanum nigrum L. Kdpek tzimu
Verbenaceae Verbena officinalis L. Demir otu
Zygophyllaceae Tribulus terrestris L. Demir dikeni
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Yogunluk bakimindan m? de 10 adetten fazla olan tiirler C. arvensis, C. acutum, C. album ve S. nigrum; m?
de 1-10 adet olan turler ise S. halepense A. retroflexus, P. oleracea, C. dactylon, C. arvense ve S. viridis tlrleri
olmak iizere il genelinde en yogun 10 tiir olarak belirlenmistir.

Rastlanma sikliklarma gore ise; C. arvensis (%93.33), C. album (%84.16), S. nigrum (%76.66), S. halepense
(%72.5), A. retroflexus (%63.33), X. strumarium (%62.5), C. arvense (%60.83), C. acutum (%60), L. serriola
(%45) ilk 9’u olustururken L. saligna (%44.16), P. oleracea (%44.16) ve S. viridis (%44.16) esit degerler ile 10.
siralart almiglardir (Tablo 3).

Tekirdag ili bag alanlarinda yapilan siirvey ¢alismasinda belirlenen 65 tiiriin en fazla igerisinde yer aldig
familyalar Asteraceae (13 tiir), Poaceae (9 tiir), Fabaceae (6 tiir) ve 5 tiir ile Euphorbiaceae olduklar1 belirlenmistir.
Asteraceae ve Poaceae familyalarina ait tiirler tarim alanlarina iyi uyum saglamalari nedeniyle en fazla yabanci ot
tiiri bulunduran familyalar igerisinde yer almaktadir (Topgu ve Cangi, 2017). Ayn1 ¢aligmada ilkbaharda yapilan
siirveyde 40 yabanci ot tiirii, sonbaharda ise 40 yabanci ot tiirli saptanmistir. Tokat genelinde ilkbahar siirveyinde
Senecio vernalis Wald. and Kit., Thlapsi arvense L., S. media (L.) Vill. ve Lamium amplexicaule L. en sik rastlanan
ve yogunluk olusturan tiirler olarak goriilmis, C. arvensis ve T. terrestris’in sonbahar siirveylerinde oranlarinin
en yiiksek oldugu belirlenmistir. Bu ¢aligmada elde edilen bulgularla bizim ¢alismamizda elde edilen bulgular
arasinda belirlenen tiirler agisindan dnemli benzerlikler vardir. Yogunluk agisindan goriilen farkliliklar, iklim ve
toprak o6zelliklerinden kaynaklanan farkliliga dayandigi sanilmaktadir.

Ulug (1989) tarafindan Manisa ili bag alanlarindaki yabanci otlarin saptanmasi amaciyla yapilan siirvey
caligmasinda; 36 farkli familyaya dahil olan c¢esitli yabanci ot tiirleri belirlenmistir. Bu tirlerin %219'unun
Fabaceae, %15.4'iniin Astereceae ve %13.4'linlin Poaceae familyasina ait yabanci otlar oldugu belirlenmistir.
Calismada sonbahar ve erken ilkbaharda saptanan baglica yabanci ot tiirler; M. chamomilla (% 18.1), Anthemis
arvensis (% 8.3), Vulpia bromides (% 8.1), Alopecurus myosuroides (% 6.2) ve C. bursa-pastoris (%5.2) olarak
belirlenmistir. Yazlik yabanci otlar ise; C. dactylon (%31.8). S. halepense (%12.9), Cyperus rotundus (%12.2), P.
oleracea (10.5) ve Amaranthus albus (% 5.1) olarak siralanmaktadir. Bizim ¢aligmamizdaki bulgular ile yukarida
verilen bulgular biiyiik 6l¢lide benzerlik bulunmaktadir. Bunun en 6nemli nedeni de iklim ozelliklerinin
benzerligidir.

Ulkemizde bag alanlarinda gériilen yabanci ot tiirlerinin belirlenmesine yonelik yapilan bazi calismalarda
belirlenen tiirlerin, Manisa’da 36 familyaya (Ulug, 1989); Tokat’ta 28 familyaya (Topcu ve Cangi, 2017);
Diyarbakir’da geleneksel ve entegre bag alanlarinda yapilan bir caligmada geleneksel bag alanlarinda 24 familyaya
ve entegre bag alanlarinda 14 familyaya (Pala ve ark., 2018), yine Diyarbakir’da 35 familyaya (Pekcan Kagar ve
Ozaslan, 2020) ait olduklar1 saptanmistir. Topeu ve Cangi (2017) tarafindan Tokat ilinde bag alanlarinda yapilan
bir ¢aligmada 3 monokotiledon, 25 dikotiledon olmak tizere 28 familyaya ait 59 cins ve 67 yabanci ot tiirii
belirlenmistir. Tokat ili genelinde baglarda sorun olan yabanci otlar en fazla Asteraceae (6 tiir sonbaharda ve 8 tiir
ilkbaharda), Poaceae (4 tur sonbaharda ve 3 tlr ilkbaharda) ve Brassicaceae (1 tiir sonbaharda ve 8 tiir ilkbaharda)
familyalarma ait bulunmustur. flkbaharda yapilan siirveylerde baglarda en sik rastlanan ve yogunluk olusturan
yabanci otlarin; T. arvense, L. amplexicaule, S. vernalisve S. media oldugu belirlenmistir. Sonbaharda yapilan
stirveylerde ise baglarda en sik rastlanan ve yogunluk olusturan yabanci otlarin; C. arvensis, T. terrestris, A.
retroflexus, Xanthium spinosum L., Heliotropium europaeum L., P. oleracea ve C. album oldugu goériilmiistiir.
Dolayisiyla donemsel olarak yabanci ot florasinda %19,4 benzerlik olmasina ragmen dominant tiirlerin tamamen
farkli oldugu saptanmustir. Tekirdag’da yaptigimiz arastirmada da C. arvensis en yogun tiir olarak bulunmustur. T.
terrestris, A. retroflexus, P. oleracea, H. europaeum tiirleri her iki ¢alismada da benzer tiirlerdir. Tekirdag ve Tokat
farkli iklim ve toprak yapilarina sahip olmalarina ragmen C. arvensis in iki ilde de yogun ¢ikmasinin en biiyiik
nedeni, bu tiiriin kozmopolit bir tir olmasi ve islenen topraklara iyi uyum saglamasidir.
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Tablo 3. Tekirdag ili bag alanlarinda saptanan yabanci ot tiirleri, rastlanma sikliklart (RS) (%) ve

yogunluklart (bitki/m?)

Table 3. Weed species, frequency (%) and density (plant/m?) in the vineyards areas of Tekirdag province

Yabanci ot tiirleri Siileymanpasa Sarkoy Tekirdag Geneli
RS(%) ‘((a%ge‘:/“nlq‘il)‘ RS Yogunluk RS Yogunluk

Amaranthus albus L. 35 1.88B 16.67 0.84C 25.83 136 B
Amaranthus retroflexus L. 70 6.24 B 56.67 9.89B 63.33 8.06 B
Anagallis arvensis L. 5 0.07D 3.33 0.02D 4.16 0.04D
Anthemis cotula L. 5 0.01D 3.33 0.02D 4.16 0.01 D
Apocynum venetum L. 0 0OE 3.33 01C 1.66 0.05D
Atriplex hastata L. 5 03C 0 0E 2.50 0.15C
Avena fatua L. 20 0.96 C 3.33 0.09 D 11.66 0.52C
Brassica nigra (L.) Koch. 20 0.23C 16.67 0.06 D 18.33 0.14C
Capsella bursa-pastoris (L.) Medik 10 0.05D 10 0.03D 10 0.04D
Centaurea cuneifolia Sm. 0 0E 6.67 0.07D 3.33 0.03D
Centaurea solstitialis L. 30 0.76 C 6.67 0.04D 18.33 0.04D
Chenopodium album L. 85 9.19B 83.33 18.27 A 84.16 13.73 A
Chondrilla juncea L. 0 0E 6.67 3.41B 3.33 1.7B
Chrozophora tinctoria (L.) A.Juss. 5 0.13C 30 0.26 C 175 0.19C
Cirsium arvense (L.) Scop. 45 3.34B 76.67 4.99B 60.83 416 B
Convolvulus arvensis L. 90 23.48 A 96.67 39.50 A 93.33 3149 A
Conyza bonariensis (L.) Crong. 35 1.89B 16.67 031C 25.83 11B
Crepis foetida L. 5 0.09D 0 0E 25 0.04D
Cuscuta campestris Yunck. 5 221 10 0.45 75 1.33
Cynanchum acutum 30 2.23B 90 2552 A 60 13.87 A
Cynodon dactylon (L.) Pers. 10 3.43B 23.33 5.47B 16.66 445B
Datura stramonium L. 5 0.30C 3.33 0.07D 4.16 0.18C
Daucus carota L. 20 1.30B 16.67 043C 18.33 0.86 C
Digitaria sanguinalis (L.). Scop. 10 0.24C 20.0 1.85B 15.0 1.04B
Echinophora tenuifolia L. 5 0.16 C 50.0 1.25B 27.5 0.70C
Echinops ritro L. 5 0.07D 0 0E 25 0.03D
Echium angustifolium Mil. 0 0OE 3.33 0.01D 1.66 0E
Epilobium roseum Schreb. 35 1.57B 6.67 02C 20.83 0.88C
Eragrostis cilianensis (All.) Janch. 5 0.05D 6.67 0.14C 5.83 0.09D
Euphorbia altissima Boiss. 5 0.01D 0 0E 2.50 0E
Euphorbia falcata L. 5 0.03D 0 0E 2.50 0.01D
Euphorbia chamaesyce L. 10 0.35C 0 0E 5.0 0.17C
Geranium molle L. 5 0OE 0 0E 25 0E
Heliotropium europaeum L. 50 1.10B 30 0.18C 40.0 0.64C
Helminthoteca echioides (L.) Holub. 40 248 B 40 191B 40.0 2.19B
Hibiscus trionum L. 0 0OE 13.33 0.09D 6.67 0.04D
Hordeum murinum L. 5 0.27C 0 0E 2.50 0.13C
Hypericum triquetrifolium Turra 0 0OE 13.33 1.87B 6.66 0.93C
Knautia integrifolia (L.) Bert. 15 157B 26.67 1.75B 20.83 1.66 B
Lactuca saligna L. 15 0.81C 73.33 3.90B 44.16 2.35B
Lactuca serriola L. 80 410B 10.0 0.05D 45.0 2.07B
Lolium perenne L. 25 1.76 B 3.33 0.02D 14.16 0.89C
Malva alcea L. 5 0.01D 0 0E 25 0E
Malvella sherardiana (L.) Jaup &Spach 5 001D 3.33 0.1C 4.16 0.05D
Medicago orbicularis (L.) Bartal 5 0.03D 0 0E 2.50 0.01D
Mercurialis annua L. 10 0.48C 36.67 154B 23.33 1.01B
Nonea atra Griseb. 5 0.04D 6.67 0.13B 5.83 0.08 D
Phragmites australis (Cav.) Trin. ex Steud. 0 0E 30 477B 15 2.38B
Plantago major L. 5 0.02D 0 0E 25 0.01D
Polygonum aviculare L. 10 0.04D 16.67 0.10C 13.33 0.07D
Polygonum patulum M. Bieb 5 0.04D 0 0E 2.50 0.02D
Portulaca oleracea L. 55 8.55B 33.33 491B 44.16 6.73B
Rumex crispus L. 5 0.03D 0 0E 2.50 0.01D
Salsola tragus L. 0 0E 6.67 0.12C 3.33 0.06 D
Scandix pecten-veneris L. 5 0.01D 0 0E 2.50 0E
Schenkia spicata (L.) G.Mans. 0 0E 6.67 0.44C 3.33 022C
Senecio vulgaris L. 30 0.68C 10 0.08 D 20 0.38C
Setaria viridis (L.) P. Beauv. 55 5.07B 33.33 3.00B 44.16 4.03B
Solanum nigrum L. 80 10.44 A 73.33 9.97B 76.66 10.20 A
Sorghum halepense (L.) Pers. 75 9.47B 70 8.67B 725 9.07B
Tribulus terrestris L. 15 0.67C 10 0.19C 12.5 0.43C
Trifolium angustifolium L. 0 0OE 6.67 0.11C 3.33 0.05D
Verbena officinalis L. 0 0OE 3.33 0.29C 1.66 0.14C
Vicia cracca L. 5 0.03D 3.33 0E 4.16 0.01D
Xanthium strumarium L. 65 2.86 B 60.0 3.72B 62.50 3.29B

Not: Harf degerleri Ustiiner ve Giincan (2002) skalasina gore verilmistir.
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Yazlik ve ark. (2019) tarafindan Diizce meyve fidanlik alaninda yiriitiilen siirvey ¢aligma sonuglarina gore 29
familyadan 68 bitki tiirii (otsu/cali) tespit edilmistir Tespiti yapilan tiirlerin familyalara gore dagilimina bakildigi
zaman; belirlenen familyalardan en fazla tiir sayist 11 tiir ile Poaceae ve 10 tiir ile Asteraceae familyalart ile temsil
edilirken, bu familyalar alt: tiir ile Cruciferae ve bes tiir ile de Fabaceae takip etmistir. Bitki tiirlerinin yagam
stireleri incelendiginde ise tespit edilen 34 tiir tek yillik (annual -A), bir tiir iki yillik (biennial - B), 22 tiir ¢ok y1llik
(perennial - P) ve 11 tiir ise ortak yagam siiresine (A/B, A/P, A/B/P) sahiptir. Fidanlik alaninda belirlenen 68 tiiriin
sadece bir tanesi (Rubus sp.) calimsi yapiya sahipken, diger tiim tiirler otsu yasam formundadir. Bitkilerin
rastlanma sikliklari incelendiginde; Poaceae familyasindan Alopecurus myosuroides (%100) ilk sirada yer alirken
bunu sirasiyla aymi familyadan Lolium perenne ve Urticaceae familyasindan Urtica dioica %86 rastlanma sikligi
ile takip etmistir. Bu tiirleri ise sirasiyla; Anagallis monelli (%85.2), U. urens (%85), Lamium purpureum ve
Veronica persica (%84,4), Medicago arabica (%77) veL. amplexicaule (%70.8) takip etmislerdir.

Pekcan Kagar ve Ozaslan (2020) tarafindan Diyarbakir’da yapilan bir aragtirmada ortalama olarak m?’de en
yogun tirlin Avena sterilis oldugu tespit edilmis, diger yogun tiirler ise Fumaria asepale Boiss., Galium
tricornutum, Ranunculus arvensis, Silene aegyptiaca, Bromus sterilis, L. purpureum, Hordeum spontaneum,
Anthemis sp., Crepis alpina olmustur. Diyarbakir’da tespit edilen tiirler ile Tekirdag’da belirlenen tiirler arasinda
oldukca 6nemli benzerlikler vardir. Diyarbakir’da yogunluk agisindan ilk 25’e giren yabanci otlardan 12 tanesi
cins kategorisinde ortak, fakat tiir olarak farkli tiirlerdendir. Ornegin Tekirdag’da H. murinum tiirii yayginken,
Diyarbakir’da H. spontaneum tiirli; Diyarbakir’da Vicia hybrida tirii yaygin iken Tekirdag’da Vicia cracca turi
6n plana ¢ikmaktadir. Bunun yani sira Scandix pecten-veneris, S. halepense, C. dactylon ve Daucus carota tlrleri
ise her iki ilde de belirlenen ortak tiirler arasindadir. Tekirdag ilinde en yogun tiir olarak belirlenen C. arvensis’in
Diyarbakir’da ilk siralarda yer almadig: goriilmektedir.

Kacan (2014) tarafindan Manisa’da yiiriitiilen bir ¢aliymada organik bag alanlarinda sira arasinda toplamda 54
adet yabanci ot tiirli belirlenmistir. Bu tiirlerden 9'u Asteraceae, 5'i ise Poaceae familyasina ait tiirlerdir. Sira
iizerinde ise Poaceae familyasina ait 7 tiir, Asteraceae familyasindan 6 tiir ve Brassicaceae familyasindan 2 tiir
olmak iizere toplamda 44 tiir tespit edilmistir. Geleneksel bag alanlarinda sira arasinda Poaceae familyasina ait 6
tiir, Asteraceae familyasindan 4 tiir basta olmak iizere 28 tiir, sira iizerinde ise Poaceae familyasina ait 5 tiir,
Asteraceae familyasindan 4 tiir basta olmak tizere 24 adet yabanci ot saptanmistir. Gelencksel bag alanlarinda ki
donemi yapilan siirveyde sira arasinda 15 ve sira iizerinde 11 tiir belirlenirken; siralar arasinda en yaygin yabanci
ot tiriiniin %47.4 oran ile Stellaria media oldugu; en yogun tiiriin ise 11 bitki/m?‘lik bir deger ile Convolvulus
arvensis oldugu belirlenmistir. Sira arasinda ise en yaygin tiir %42.8 ile H, murinum; en yogun bulunan tiir ise m?’
de 6.8 bitki olmak Uzere C. arvensis olmustur. Bizim c¢alismamizda da C. arvensis en yogun tiir olarak
belirlenmistir.

4. Sonug

Baglarda sorun olan yabanci ot tiirleri, meyve bahgelerinde sorun olusturan yabanci otlar gibi, besin elementi,
su, 151k ve yer konusunda asmalarla rekabet ederek iiriiniinii verim ve kalitesini diisiirmelerinin yani sira, birgok
hastalik ve zararliya konukguluk etmeleri, onlart barindirmalart agisindan da biiyiik 6neme sahiptir. Bu nedenle
bag alanlarindaki yabanci otlarla en uygun miicadele stratejilerinin belirlenebilmesi i¢in 6ncelikle hangi tiirlerin
on plana ¢iktiginin belirlenmesi gerekmektedir. On plana ¢ikan yabanci ot tiirleri baz alarak buna gére miicadele
yonteminin se¢ilmesi, hem verim ve kaliteyi arttirmak ve hem de hastalik ve zararlilarla miicadele agisindan
oldukg¢a 6nemlidir. Bu ¢aligmada da rastlanma sikligi %50 den fazla olan C. arvensis, C. acutum, C. album, S.
nigrum ve S. halepense tiirleri miicadele yontem ya da yontemlerinin belirlenmesi a¢isindan g6z 6niinde tutulmasi
gereken tiirler olarak goriilmektedir. Bu tiirlerin ¢ogunun ¢ok yillik tiirler olmasi, ¢ok yillik yabanci otlar icin
uygulanan miicadele yontemlerinin kullanilmasini zorunlu kilmaktadir.

Tesekkiir

Bu caligma sirasinda tarimsal verilerin saglanmasinda desteklerini esirgemeyen Tekirdag Tarim ve Orman il
Midiirliigiine tesekkiir ederiz.
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Biyolojik-Biyoteknik Miicadele Desteklemeleri Hakkinda Uretici Goriislerinin
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Determining Producer Opinions on Biological-Biotechnical Control Supports
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Ozet

Aragtirma ile biyolojik ve biyoteknik (B/BT) miicadele destekleme tiirlerinin dagilimi, iiriinler itibartyla B/BT
miicadele desteklerinden yararlanma durumu ve destege bagvurulan alanlarin yillara gore degisimi, iireticilerin
B/BT miicadele desteklerine basvuru nedenleri, B/BT desteklerinden memnuniyet durumu ve destekten
yararlanmaya devam etme kararlari1 gibi bilgileri elde etmek, destekleme olmamasi durumunda bile tireticilerin
B/BT iiriinlerini kullanmaya devam etme olasiligini tahmin etmek amaglanmigtir. Arastirma, ireticilerin B/BT
destek uygulamalarina yaklasimini incelemesi bakimindan 6zgiindiir. Arastirma alani olarak segilen Antalya,
Isparta ve Burdur Illerinde tabakali 6rnekleme yoluyla segilen 108 iiretici ile anket yapilmustir. Arastirma
kapsaminda goriistilen iireticiler arasinda, B/BT miicadele uygulamalarini, destekleme yapilmadan dnceki yillarda
da bilen ve uygulayanlar oldugu gibi desteklemeden sonra haberdar olan ve uygulamaya baglayanlar oldugu
anlagilmigtir. B/BT uygulamasi yapilan iiretim alanlari yillar iginde artig gdstermistir. Ureticilerin %69.4°ii B/BT
miicadele  desteklemelerinden memnun oldugunu, 9%85.2’si  desteklemeden yararlanmaya devam
edecegini, %77.8’1 ise destekleme olmasa bile B/BT miicadele uygulamasina devam edecegini ifade etmektedir.
Bu uygulamalarin benimsenmesi ve siirdiiriilmesinde etkili ana faktorler, B/BT uygulamalarinin zararli kontrol
performansi ve B / BT kontrol yontemleri ile Uretilen Uriinlerin piyasada daha yiiksek fiyatla satilabilmesidir. B/BT
mucadele yapan iireticilerin destekleme olmasa bile uygulamalara devam etme olasiliklarina etki eden unsurlart
belirlemek igin yiiriitiilen logistik regresyon analizinde, modele dahil edilen bagimsiz degiskenlerden; egitim,
desteklemeden memnun olma durumu ve damismanlik hizmeti alma durumu istatistiksel olarak anlamli
bulunmustur. B / BT kontrol {iriinlerini kullanmaya devam etme kararini bildirmenin en giiglii 6ngoriisii egitim
dizeyidir. B/BT micadele destegine devam edilmeli, uygulamalara yonelik teknik destek ve egitim-yayim
¢aligmalar yUritilmeli ve bu yontemle Gretilen Grlinlere yonelik bilingli bir tiiketici yaklasim gelistirilmelidir.
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Abstract

In this study, types of biological and biotechnical (B/BT) control support, the status of benefiting from B/BT
control support by products and the size of the area to which support was applied were examined. Moreover, with
this study, producers' reasons for applying to B/BT control supports, satisfaction with B/BT supports, and decisions
to continue using support were determined. In addition, the possibility of producers to continue using B/BT
products even without support explored. The research is unique in that it examines manufacturers' approach to
B/BT support practices. A survey was conducted with 108 producers selected through stratified sampling in
Antalya, Isparta and Burdur provinces selected as the research area. It was determined that the vast majority of
producers have been using B/BT products every year without interruption and have benefited from B/BT control
supports every year, production areas where B/BT application applied also increased. 69.4% of the producers
stated that they are satisfied with the support of B/BT control, 85.2% will continue to benefit from support, and
77.8% will continue to implement B/BT control even if there is no support. The main factors in adopting and
sustaining these practices are the pest control performance of B/BT applications and the possibility to sell in higher
price the crops which applied B/BT control methods, in the market. It was investigated by logistic regression
analysis which factors influence the probability of producers to continue B / BT control applications even without
support. The producers’ education, satisfaction level of support and consultancy service have an effect on the
producers' continued B/BT implementation even if they do not receive support. The strongest predictor of reporting
adecision to continue using B /BT control products is the level of education. B/BT control support should continue,
technical support and training-publication studies should be carried out for applications, and a conscious consumer
approach should be developed for products produced with this method.

Keywords: Biological control, Biotechnical control, Integrated pest management, Agricultural supports, Logistic regression
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Biyolojik - Biyoteknik Miicadele Desteklemeleri Hakkinda Uretici Griislerinin Belirlenmesi

1. Giris

Tarimsal destekleme politikalari, tarim sektoriiniin kendine 6zgili sorunlarini ¢ézmek ve genel ekonomik
hedefler dogrultusunda yonlendirmek iizere; tarimsal faaliyet yaparak gecinen niifusun gelir diizeyini iyilestirmek,
verim ve kalite artis1 saglamak, gida giivencesini temin etmek, yeterli ve uygun fiyatl {irlin arzin1 garanti etmek,
kirsal kalkinma ve dogal kaynaklarin dogru kullanimini saglamak amaciyla devletin izledigi politikalardir. Diger
bir deyisle destekleme, tarimin korunmasi, tarimsal faaliyetlerin 6zendirilmesi ve siirdiiriilmesinin tesviki amaciyla
alinan 6nlemlerin timiidiir (Bayramoglu ve ark., 2014). Stratejik 6neme sahip olan tarim {iriinleri, bu sektoriin
desteklenmesini gerektirmekte, destekleme politikalari ile iiretim yonlendirilirken, iiretimde devamlilik ve kalitede
iyilestirme saglanmakta, iretimde verimliligi artirmak ve alternatif iiretim yontemleri ile {iriin ¢esitliligini
ozendirmek hedeflenmektedir (Yavuz ve ark., 2004). Ulke ekonomisinde tarimin énemi ve yeterlilik durumu,
iireticilerin sosyoekonomik diizeyleri ve tarimsal yapida yasanan sorunlarin boyutlari, destekleme politikalarinin
amaglarmni ve desteklemenin nedenlerini yonlendirmektedir (Sayin ve ark., 2015a). Tarim irlinleri iireterek
gecimini saglayan cifteilerin biiyiik cogunlugu, yas ortalamasi yiiksek, diisiik egitimli ve yeniliklere kargi sinirlt
istekliligi olan kisilerden olusmaktadir. Ozellikle kiiciik dlgekli isletmelerin yiiksek maliyetlerle basa ¢ikma
zorlugu da eklendiginde yeni teknik ve uygulamalarin yaygimlagmasi daha ge¢ ve yavas olmaktadir. Tiirkiye’de
iireticilerin tarimsal desteklerden faydalanma durumlarini inceleyen bir ¢aligmada; mazot, giibre, sertifikali tohum
—fidan kullanimi ve fark 6demesi destegi gibi desteklerin oldukca yiiksek oranda yararlanicisinin oldugu buna
karsilik son yillarda tarimsal stratejik amaglara yonelik olarak uygulanan destek tiirlerinden yararlanma oraninin
¢ok diisiik oldugu bildirilmistir (Abay ve ark., 2017).

B/BT miicadele uygulamalari, alternatif miicadele yontemlerinin basinda gelen entegre miicadelenin en 6nemli
bilesenlerindendir. Doksanli yillara ait literatiire bakildiginda; Uygun ve ark., (1992) tarafindan Tiirkiye'de,
entegre muicadele yonteminin zararlilara karsi bagariyla kullanilabilir diizeye getirilmis olmasina ragmen birgok
iireticinin bu yontemi uygulamadig: bildirilmistir. Ozkan ve ark., (1991) tarafindan da entegre miicadele
uygulamalarinin yayginlasamamasina gerekge olarak aragtirma kuruluslari, yayim servisleri ve ireticiler
arasindaki bilgi iletisiminin diizenli olmayis1 gosterilmistir. Daha yakin tarihli ¢alismalara bakildiginda ise
ciftcilerin liretim siirecinde ¢evre dostu uygulamalardan ziyade, ticari kaygilarla ve piyasa kosullarinin etkileri ile
hareket ettigi ve zirai miicadele tercihinin yiiksek oranda kimyasal miicadeleden yana oldugu ifade edilmis, bu
konunun radikal ¢6ziimler tretilmesi gereken bir konu oldugu gortisii sunulmustur (Temel ve ark., 2017). Cevre
ve insan sagligina uyumlu iiretim teknikleri ile tiretilmis gidalara olan ilgi ve talep her gegen giin arttigindan,
titkketim tercihlerinde etkili faktorler tiretici gevreler tarafindan da dikkate alinmak durumundadir. Bu tekniklerden
emek ve bilgi gerektirenlerin uygulanmasi ve siireklili§inin saglanmasi i¢in iiretici maliyetlerine katki vermek
lUzere desteklenmesine ihtiya¢ duyulmaktadir. Entegre miicadelenin yayilmasindaki sorunlari aragtirmak iizere
Karaturhan ve ark. (2005) tarafindan yapilan ¢aligmada; iireticilerin entegre miicadele uygulamalarina isteksiz
olmalarinin nedenleri arasinda entegre tirtinlere ve girdilere destek verilmemesi de yer almustir.

Tarim sektoriinii korumak, tarimsal faaliyetleri 6zendirmek ve stirdiiriilebilirligini tesvik etmek amaciyla devlet
eliyle farkli konularda destekleme Odemeleri yapilmaktadir. Buna ilaveten, ekonomik faaliyetler, modern
sulamaya iliskin makine ve ekipman destegi ile tarimsal liretim alt yapisinin modernizasyonuna iliskin makine ve
ekipman destekleri gibi proje destek konularini igeren kirsal kalkinma amacli tarimsal destekler de mevcuttur
(Cobanoglu ve ark., 2017). Bitkisel Uretimde Biyolojik ve Biyoteknik Miicadele Desteklemesi tarimsal stratejik
amaglara yonelik olarak uygulanan destek tiirlerindendir. Tarim ve Orman Bakanligt, 2010 yilindan itibaren dogal
gevreyi ve insan sagligini korumak ve ihracati engelleyecek ilag kalintis1 problemini ¢6zmeye yonelik tedbirleri
artirma yoluna gitmistir. Bu baglamda, 5488 Sayili Tarim Kanunu ve Bitkisel Uretimde Biyolojik ve Biyoteknik
Miicadele Desteklemesi Odenmesi Tebligi kapsaminda, ortii altinda ve acik alanda B/BT miicadele yapan
iireticilere destekleme ddemesi yapmaya baslanmistir (Anonim 2006 — 2010 — 2011 — 2012 — 2013 — 2014 a —
2015a—-2016—-2017 - 2018). Destekleme uygulamasi kapsaminda; turunggil, ortii altinda domates, biber, patlican,
hiyar, kabak, acikta domates, elma, bag, zeytin, kayist ve nar i¢in iireticilere destekleme 6demesi yapilmaktadir
(Tablo 1).
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Tablo 1. Yillar ve iiviinler itibariyla bitkisel iiretimde B/BT miicadele destekleme édeme tutarlar: (TL da™)
Table 1. B/ BT control support payment amounts in crop production by years and products (TL decare™)

B/BT miucadele
Urunler destekleme 2010 2011 2012 2013 2014 2015 2016 2017 2018
tarleri

Tiil kullanimi 70 70 80 - - - - - -

Feromon +tuzak 30 30 100 100 110 110 110 110 120

Faydali bocek

salimi

Til ve

feromon+tuzak

Feromon+tuzak ve
Ortii altt  faydali bocek 130 130 - - - - - - -
sebze salimi

Tiil ve faydali

bocek salimi

Tl,

feromon+tuzak ve

faydali bocek

salimi

Yalniz feromon - - - - - 60 60 60 60

100 100 250 330 350 350 350 350 400

100 100 - - - - - - -

170 170 - - - - - - -

200 200 - - - - - - -

Agikta Feromon - 20 - - - 20 20 25 30
domates  Feromon+tuzak - - 30 30 35 35 35 45 50

Yalniz Feromon - - - 20 20 20 20 25 30
Feromon-+tuzak - - 30 30 35 35 35 45 50
Faydali bocek
salimi

Turuncgil

Feromon-+tuzak - - 30 30 - - - - -

Elma Faydal1 bocek i ) 30 ) - - - - -
salim1

Feromon yayicisi - - - - 35 35 35 35 50

Feromon-+tuzak - - 30 30 - - - - -

F 11 bocek
Bag aydali boce i i 30 i i i i i i
salimi

Feromon yayicisi - - - - 35 35 35 35 50

Zeytin  Doteknik . . i 15 20 20 20 30 33
miicadele

Kayis ~ Divoteknik i i . 3 3 3 35 35 50
micadele

Nar Dol - - - 3 3% 3B B 3B 50
micadele

Destekleme uygulamalar1 ve beraberinde alinan diger tedbirler Tiirkiye’de, B/BT miicadele araglarinin
kullanimin yillar i¢inde artirmistir (Anonim, 2015 b). Tablo 1 incelendiginde destekleme 6demesinin bagladigi
ilk yillara gdre uygulanan destekleme paketlerinin yillar igerisinde sahadan yansiyan uygulama g¢iktilar
dogrultusunda sekil degistirdigi, bazilarinin iptal edildigi veya yeni B/BT miicadele uygulama tiirlerinin pakete
dahil edildigi, ayrica yillar i¢inde destekleme kapsamina yeni tarim iiriinlerinin de ilave edildigi goriilmektedir.
B/BT miicadele uygulamalarini iireticilere benimsetmek ve siirdiiriilebilir kilmak amaciyla yillar itibariyla artarak
devam eden desteklerin iiretici nezdinde etkili olup olmadig1 sorusunun cevabi dnemlidir.

Tarimsal destekleme politikalarindan temel beklenti, segilen politika araglarinin rasyonel kullanimi ve
hedeflenen amaglarin etkin bir sekilde gergeklestirilmesidir. Bu nedenle uygulanan politika araglari ve kaynak
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aktarimi sonucunda belirlenen amaglara ne Olgiide yaklasilabildigi ve bu politika araglarmin etkisinin ne
oldugunun bilinmesi 6nemlidir. Desteklemelerin amacina ulagmasi, gift¢ilerin desteklemelerden en ist diizeyde
faydalanmalar: ile miimkiindiir.

Bu ¢alisma kapsaminda, B/BT micadele desteklerinin verilmeye baglandigi 2010 yilindan itibaren iireticilerin
yararlanma durumu ve destege basvurulan alan biiytikliigiintin yillar i¢indeki seyri, B/BT miicadele destekleme
tiirlerinin dagilimi, B/BT miicadele desteklerine bagvuru nedenleri, B/BT desteklerinden memnuniyet durumu ve
destekden yararlanmaya devam etme kararlari gibi bilgiler elde etmek, destekleme olmasa bile Ureticilerin B/BT
iriinlerini kullanmaya devam etme olasiligini tahmin etmek amaclanmistir. Literatiirde B/BT miicadele
desteklerinin sahadaki yansimalarimi ve iireticinin bu destege iliskin algisini inceleyen bir bulgu olmamas: bu
calismay1 6zgiin kilmaktadir. B/BT miicadele uygulamalarini destekleme politikasinin iiretici agisindan ne ifade
ettiginin bilinmesi ve uygulama sirasinda yasanan eksik ve aksakliklarin saptanmasi, dinamik yapi arz eden
politika uygulamalarinin revize edilmesine veya sekillendirilmesine katki saglayacaktir.

2. Materyal ve Metot
2.1. Materyal

Calisma alam olarak Antalya, Isparta ve Burdur illeri se¢ilmistir. Tiirkiye’nin toplam narenciye tretiminin %
30’unun, sera iiretiminin % 85’inin ve elma {iretiminin % 29’unun iiretildigi Bat1 Akdeniz Bo6lgesi’'nde bulunan
bu iller, sahip oldugu tarim potansiyeli ile Tiirkiye’nin dnemli tarim merkezlerindendir (Anonim 2014 c).
Turunggil, ortialti sebzeler ve elma, B/BT miicadele destekleme uygulamasi kapsaminda yer alan baglica
trunlerdir (Tablo 1). Arastirmanin materyalini, bu illere bagl koylerdeki s6z konusu iiriinleri yetistiren ve B/BT
miicadele desteginden yararlanan 108 Ureticiden 2017 yilinda anket yoluyla yiiz yiize gorisiilerek elde edilen
veriler olusturmaktadir.

2.2. Metot

Anket uygulanacak isletme sayisi, 2016 yili B/BT miicadele destegi 6ddemesinden faydalanan kisi listesi
Antalya, Burdur ve Isparta Il Tarim ve Orman Miidiirliikleri’nden almarak belirlenmistir. Destekten faydalanan
kisi listesine bagli olarak Antalya [linin Aksu, Serik, Manavgat, Kumluca, Finike, Demre, Kas ve Elmali il¢eleri
ile Isparta’nin Gelendost ve Egirdir ilgeleri ve Burdur’un Gélhisar ve Cavdir ilgelerinde calisiimistir. Ornek
hacminin tespitinde, B/BT miicadele desteklemesinden faydalanilan arazi genisligi kriteri dikkate alimustir.
Listede yer alan tiim tarim isletmeleri ile anket yapabilmenin gligliigii yaninda, varyasyon katsayisiin yiiksek ve
popllasyonun heterojen yapida oldugu saptandigindan ornek se¢iminde tabakali 6rnekleme yontemi tercih
edilmigtir. Neyman Yontemi ile 6rnek hacmi hesaplanmistir (Cigek ve Erkan, 1996; Yamane, 2001).
Popiilasyondan ¢ekilen ornek sayis1 %5 hata payr ve %90 giiven aralig1 ile 108 olarak belirlenmistir. Anket
uygulamasi, arastirma alani {i¢ ilden Antalya’da turunggil, elma ve ortiialtinda sebze {iireticileri ile Burdur’da son
yillarda yayla seraciliginin yaygimlagtigi ilge ve kOylerdeki ortii alti domates tireticileri ile Isparta’da ise elma
dreticileri ile yapilmistir. Anket yiiz yiize goriisme yontemi ile uygulanmigtir. B/BT micadele ydntemlerini
uygulamada yapilan destekleme odemeleri hakkinda {ireticilerin goriislerini saptamak arastirmanin temel
kurgusunu olusturmaktadir.

Aragtirma kurgusunu olusturan sorular sunlardir:
i. Ureticilerin iriinler itibartyla B/BT miicadele desteklemesinden yararlanma durumu ve destege

bagvurulan alan biiytlikliigli baglangictan bu yana nasil bir degisim gostermistir?

ii. B/BT mucadele destekleme tiirlerinin dagilimi ne sekildedir?

iii. B/BT micadele desteklerine bagvuru nedenleri nelerdir?

iv. B/BT mucadele desteklerinden memnuniyet durumu ve destekden yararlanmaya devam etme durumu
nasildir?

v. Destekleme olmasa bile B/BT miicadele iiriinlerini kullanmaya devam etme olasilig1 nedir?

B/BT uygulamalarinin kullanimi istenilen diizeyde degildir. Bunun pek ¢ok nedeni olmakla beraber,
ireticilerin uygulamalara iliskin yaklagimlart ve siirdiiriilebilir kilma durumunu irdelemek ve destekleme
politikasinin buna etkisini arastirmak onem arz etmektedir. Literatlirde B/BT miicadele konusu daha ¢ok
uygulamalarin sistematigi yoniiyle ele alimmistir. Bu ¢aligma ise treticilerin B/BT destekleme uygulamalarina
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yaklagimini irdelemesi agisindan 6zgiindiir. Ureticiler i¢in bazi tamimlayic1 bilgiler ortalama ve ylzde olarak
belirlenmistir. Arastirma kapsaminda B/BT micadele uygulamas: yapan iireticilere son yedi yil i¢in ayri ayri
olmak {izere uygulama yapip yapmadiklar1 ve uygulama yaptiklari alan biiyikliigii sorularak, B/BT micadele
uygulamasi yapan iretici sayisi ve tretim alanindaki degisim incelenmistir. Desteklere bagvurma nedenleri,
desteklerden memnuniyet durumu, desteklerden yararlanmaya devam etme durumu, destekleme olmasa bile B/BT
miicadele tekniklerini uygulamaya devam etme sorularina vermis olduklari cevaplar yilizde oranlarla
hesaplanmugtir.

Gorisiilen ¢iftcilerin destekleme olmasa bile B/BT miicadele iiriinlerini kullanmaya devam etme olasiliklari
tizerinde bazi unsurlarin etkilerini degerlendirmek igin logistik regresyon analizi yapilmigtir. Lojistik regresyon
analizinde temel amag bagimli (yordanan) ve bagimsiz (yordayici) degiskenler arasindaki iliskiyi, en az degisken
ile en iyi uyuma sahip olacak bi¢cimde tanimlayabilen, kabul edilebilir bir model kurmaktir (Atasoy, 2001).
Logistik regresyon iki ya da daha fazla kategoriye sahip kategorik ¢iktilari yordamak i¢in modelleri test etme
imkan1 saglar (Pallant, 2015). Bu ¢alismada da bagimli degiskenin kategorik olmasi ve kategori sayisinin iki
olmasi nedeniyle logistik regresyon kullanilmustir. ikili lojistik regresyon modelinde bagimli degiskenin gézlenen
degeri iki olas1 durumu ifade etmek iizere; olayin meydana gelmesi durumunda 1, meydana gelmemesi durumunda
0 degerini alir. Bu 6rnek uygulamada destek verilmese dahi B/BT miicadele uygulamasina devam edecegini
bildiren iireticiler bir (1), uygulamaya devam etmeyecegini bildiren {ireticiler ise sifir (0) degerini almislardir.
Modele yas, egitim, deneyim, orgiit iiyeligi, tarim dist gelir varligi, danismanlik hizmeti alma durumu, biyoteknik
micadele kullanma durumu, biyolojik miicadele kullanma durumu, kimyasal miicadelede teknik destek alma
durumu ve desteklemeden memnun olma durumu olmak iizere on adet bagimsiz degisken dahil edilmistir.

3. Arastirma Sonugclar1 ve Tartisma

3.1. Isletme sahibi ile ilgili tammlayici bilgiler

Arastirma kapsaminda goriigiilen {ireticilerin yaslari, egitim durumlari, ¢ift¢ilik deneyim siireleri, tarim disi
gelir varliklari ve tarim danismanhgindan yararlanma durulari incelenmistir. Ureticilerin yas ortalamas 52.3 diir.
Egitim durumlari incelendiginde; %47.2 sinin ilkokul, %39.8 inin orta-lise, %13.0’{inlin 6n lisans ve iizeri egitim
aldig1, ortalama egitim siiresinin 8.1 y1l oldugu tespit edilmistir. Ureticilerin %64.8°i 21 y1l ve daha uzun siireden
bu yana ciftcilik deneyimine sahiptir. Ortalama deneyim siiresi 28.3 yildir. Ureticilerin %54.6’smin tarim disi
geliri vardir. Ureticilerin %63.0’{iniin y&redeki iiretici kooperatifi, birlik vb. ¢iftci drgiitlerinden birine veya bir
kacina iiyeligi bulunmaktadir. Ureticilerin sadece %16.7’ si tarim danismanligi hizmeti aldigini ifade etmistir
(Tablo 2).

Tablo 2. Isletme sahibine ait tanimlayic bilgiler
Table 2. Identifying information about producers

Tanimlayici Bilgiler (%) Ort
<34 5.6
Yas 35-50 43.5 52.3
51> 50.9
Tlkokul 47.2
Egitim durumu Orta-Lise 39.8 8.1
On lisans ve Gsti 13.0
Deneyim siiresi <20 3.2 28.3
21> 64.8
) Var 54.6
Tarim dis1 gelir (TL) Yok 454 23289
Tarim danismanlig: alma Evet 16.7
durumu Hayir 84.7

Bu c¢aligmada da Tirkiye’de tarim danismanligi almanin yeterince yayginlagsmadigi bulgusu ortaya
konulmugtur. Bu bulguyu destekleyen bir baska ¢alisgma 2005 yilinda Antalya ilinde 6rtli alt1 {iretim alanlarinda
yapilmis olup, ¢caligmada yorede danigmanlik hizmeti verilen iiretici sayisinin toplam ortii alt1 yetistirici sayisinin
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sadece % 4’linii, tiretim alaninin da toplam 6rtii alt1 tiretim alaninin % 7.6’s1m1 olusturdugu bildirilmistir (Ates ve
Sayin, 2008)

3.2. Biyolojik/biyoteknik miicadele desteginden yararlanma durumu ve destege basvurulan alan

Arastirmanin yiiriitiildiigii Bat1 Akdeniz Bolgesi’nde B/BT miicadele desteklemesinin baglamis oldugu 2010
yilindan bu yana destekten yararlanan iiretici sayist ve yararlanilan alan biyiikliiglinde yasanan degisim
incelenmistir. Buna gore aragtirma kapsamina giren 108 iretici dikkate alindiginda 2011-2017 yillart arasinda
destekten yararlanan firetici sayist 21°den 103°¢e, destekten yararlanilan alan ise 862.5 dekardan 3186.9 dekara
ulagmustir (Sekil 1).

4000 3234.4 31869 150
2501.1 =
3000 20824 | 5
~ 1984.7
S 2000  ggrs 905.2 108 102 o <
— ) w)
g o0 2y | 25/ |39| u49 W K c‘n%
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— =D
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Figure 1. The number of producers (unit) and supported area (decare) benefiting from B / BT control support by years and
products

Sekil 1. Yillar itibaryla B/BT miicadele desteklerinden yararlanan iiretici sayist (adet) ve desteklenen alan (da)

Uriinler ayr ayri degerlendirildiginde; domates yetistiriciliginde B/BT miicadele Gruinlerini kullanan ve
destekten yararlanan igletmelerde 2011 yilinda destekten yararlanan higbir {ireticinin olmadigi, 2017 yilinda ise
goriisiilen 13 ireticinin tiimiiniin destek aldig1 ve iiretim alaninin da 65 dekara ¢iktig1 goriilmektedir. Domates
retiminde B/BT miicadele iirtinlerinin kullanildig1 ortalama arazi biiyiikliigii 5 dekar olarak hesaplanmistir (Sekil
2). Arastirma kapsaminda goriigiilen ve B/BT miicadele uygulayan ortiialt1 sebze yetistiricisi igletmelerin {iriin
deseninde, biberden sonra ikinci sirada domates bulunmaktadir. Ureticilerin genel olarak B/BT miicadele
uygulamalarinin domates iiretiminde basarili olmadig1 kanaatine sahip oldugu ve bu sebeple yontemlerin domates
Uretilen alanlarda fazla yayginlasamadigi anlagilmaktadir. Bu algimin uygulamalarin teknigine uygun olarak
yapilmamasindan kaynaklanma ihtimali oldukga yiiksektir. Clinkii Topuz ve ark. (2016) tarafindan, Antalya’nin
Aksu ve Korkuteli ilgelerinde tuzakla yakalama ydnteminin denendigi ¢alismada, iyi tarim uygulanan kontroll,
cift kapili ve agikliklar tiil ile kapali olan ve kiiltiirel dnlemlerin tam olarak uygulandigi seralarda feromonlarin
etkinliginin arttig1, daha az ilaglamayla miicadele saglanarak zararin 6nlenebildigi sonucuna varilmistir.

Ortii altinda biber yetistiriciliginde B/BT miicadele iiriinlerini kullanan, destekten yararlanan ve arastirma
kapsaminda goriisiilen 28 iireticinin 11’inin desteklerin basladig1 yildan itibaren yararlandig: ve iiriinleri kullandig
2017 yilina gelindiginde ise tiimiiniin destekten yararlanmaya ve tirtinleri kullanmaya devam ettigi belirlenmistir.
Uretim alan1 ise 88 dekardan 293 dekara gikmustir (Sekil 2). Biber iretiminde B/BT micadele trinlerinin
kullamldig1 ortalama arazi biiyiikliigii 10.5 dekar olarak hesaplanmistir. Ureticiler B/BT miicadele etmen ve
aparatlarinin biber yetistiriciliginde kesinlikle basarili oldugu yoniinde diisinceye sahiptir. Biber iiretiminde B/BT
micadele uygulayan isletmelerin yogunlastig1 alanlarda ihracata yonelik tiretim yapan biiyiik 6lgekli igletmeler ve
ihracat baglantis1 olan komisyoncu ve tiiccarlar tarafindan yonlendirilen kiiciik veya orta dlgekli isletmelerin
bulundugu goézlenmistir. Bulundugu yoéreye onciiliik eden ve ihracat baglantis tesis eden isletmecilerin, B/BT
mucadele uygulamalarinin yayginlagsmasinda etkili oldugu gézlenmistir.
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Figure 2. The number of producers benefiting from the support and the change in the production area by years

Sekil 2. Yillara Gore Desteklemeden Yararlanan Uretici Sayist ve Uretim Alaninda Yasanan Degisim

Turunggil yetistiriciliginde B/BT miicadele desteklerinden yararlanan ve arastirma kapsaminda goriisiilen 31
iireticinin 9’unun desteklerin basladig1 yildan itibaren yararlandigi ve tirtinleri kullandig1 2017 yilina gelindiginde
ise 29’unun destekten yararlanmaya ve iiriinleri kullanmaya devam ettigi belirlenmistir. Uretim alam ise 767
dekardan 1914 dekara ¢ikmustir (Seki/ 2). Turunggil Gretiminde B/BT miicadele iriinlerinin kullanildig: ortalama
arazi buylikligii 61.7 dekar olarak hesaplanmistir. Arastirma alaninda goriisiilen turunggil {reticilerinin
bildirdigine gore, biitiinciil bir yaklagimla birbirine komsu bahgelerde biyolojik miicadele yapilmamasi, kendi
bahgesinde uygulamay1 yapmak isteyen tireticileri de bu niyetlerinden uzaklagtirmaktadir.

Elma yetistiriciliginde B/BT micadele desteginden yararlanan ve arastirma kapsaminda goriisiilen 36
iireticinin sadece 1’inin desteklerin bagladig1 yildan itibaren yararlandigi ve {irlinleri kullandigi, 2017 yilina
gelindiginde ise 34’iiniin destekten yararlanmaya devam ettigi belirlenmistir. Uretim alan1 ise 8 dekardan 915
dekara cikmustir (Seki/ 2). EIma tretiminde B/BT mucadele tiriinlerinin kullanildigi ortalama arazi biiytkligii 25.4
dekar olarak hesaplanmistir. B/BT miicadele driini olarak tuzak uygulamasi yaygin olarak kullanilmaktadir.
Ozellikle karaleke hastaliginin ¢ok biiyiik tahribat yaptig1 elma bahgelerinde yogun bigimde uygulanan kimyasallar
biyolojik miicadele uygulamasinin yapilmasina imkan vermemektedir. Oguz ve ark., (2000) tarafindan ydrdtilen
ve elma {reticilerini konu alan bir ¢aligmada iireticilerin uyguladigi tarimsal miicadele yontemleri incelenmis,
treticilerin entegre savas, biyolojik savas ve biyoteknik miicadele yontemlerini bilmedikleri, sadece kimyasal
savas yontemlerini kullandiklar1 tespit edilmistir.

3.3. Biyolojik/biyoteknik mucadele destekleme tiirlerinin dagilimi

Aragtirma kapsaminda goriisiilen ireticilerin son ii¢ yil itibariyla yararlanmis olduklart B/BT miicadele
desteklemesi tiirleri her bir {iriin i¢in sorgulanmistir. Buna gore ortii altt domates yetistiriciligi yapan 15 iiretici son
iic yilda sadece feromon desteginden yararlanmamustir. 2015 yilinda feromon + tuzak uygulamasi yapan ve
destekten yararlanan iiretici sayist hi¢ yok iken, 2016 yilinda 1 kisi ve iiretim alan1 6.9 dekar, 2017 yilinda ise 1
kisi 1.9 dekarlik iretim alani i¢in desteklemeden faydalanmistir. Faydali bocek uygulamasi yapan ve bunun i¢in
destekten yararlanan tiretici sayisi 2015 yilinda 9 kisi, 2016 yilinda 14 kisi, 2017 yilinda ise 13 kisi, tiretim alant
ise yillar itibariyla sirasiyla 38.1 dekar, 79.1 dekar ve 64.5 dekar olarak belirlenmistir (Seki/ 3).
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Figure 3. Distribution of B/ BT control support types benefited by products

Sekil 3. Uriinler itibariyla yararlanilan B/BT micadele destekleme tiirlerinin dagilimi

Ortii altinda biber yetistiriciligi yapan 28 iiretici son ii¢ y1lda sadece feromon desteginden yararlanmamustir.
Feromon + tuzak uygulamasi yapan ve destekten yararlanan tiretici sayist 2015 ve 2016 yillarinda 7 iken, 2017
yilinda 8’e ¢ikmuis, bu iireticilere ait iiretim alanlart ise sirasiyla 46.8, 51.8 ve 62.7 dekar olarak belirlenmistir.
Faydali bocek uygulamasi yapan ve bunun igin destekten yararlanan {iretici sayis1 ise 2015 yilinda 23, 2016 yilinda
25,2017 yilinda ise 27 kisidir. Ortii altinda biber yetistiriciliginde faydali bdcek kullaniminin daha yaygin oldugu,
iireticilerin biyolojik etmenlerin basarisina inandig1 gozlenmis, uygulamanin yapildigi alanlar yillar itibariyla
sirasiyla 181.7 dekar, 252.6 dekar ve 292.5dekar olarak belirlenmistir (Seki/ 3).

Sadece feromon desteginden yararlanan fireticiye turunggil yetistiriciligi yapan 31 iretici arasinda da
rastlanmamigtir. Feromon + tuzak uygulamasi yapan ve destekten yararlanan iretici sayis1 2015 yilinda 18 kisi ve
iretim alan1 1759.7 dekar, 2016 yilinda 25 kisi ve tiretim alan1 1831.6 dekar, 2017 yilinda ise 24 kisi ve lretim
alan1 1837.4 dekardir. Faydali bocek uygulamasi yapan ve bunun i¢in destekten yararlanan {iretici sayis1 2015
yilinda 8 kisi, 2016 yilinda 15 kisi, 2017 yilinda ise 14 kisi, tiretim alani ise yillar itibartyla sirasiyla 1059 dekar,
1227.3 dekar ve 1156.8 dekar olarak belirlenmistir (Sekil 3).

Elma yetistiriciligi yapan 36 iireticiden 2015 yilinda 14°i, 2015 yilinda 36’s1 ve 2017 yilinda da 34’ sadece
feromon desteginden yararlanmistir. Uretim alani ise yillar itibartyla sirasiyla 408.5 dekar, 910 dekar ve 893 dekar
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olarak belirlenmistir. Feromon + tuzak ve faydali bocek uygulamasi yapan ireticiye rastlanmamistir (Sekil
3).Yanar ve ark., (2018) tarafindan Antalya Ilinde yiiriitiilen, ortii alti yetistiriciliginde karsilasilan sorunlar1 ve
iiretici biling diizeyini inceleyen bir arastirmada; zararlilarla miicadele yontemlerinden sar1 yapigskan tuzaklarin
iireticilerin %741, feromon tuzaklarin {ireticilerin %56’s1, biyolojik etmenlerin ise iireticilerin %26’s1 tarafindan
kullanildig: bildirilmistir.

3.4. Biyolojik/biyoteknik miicadele desteklerine bagvuru nedenleri

Ureticilerden B/BT miicadele desteklerine bagvuru nedenlerini énem sirasina gore bildirmeleri istendiginde;
greticilerin  %56.5’1 “miicadele masraflarin1  diigiirmek” secenegini, %28.7’si “saglikli iiriin oldugunu
belgelendirmek igin” se¢enegini ilk tercih olarak kullanmustir (Tablo 3).

B/BT mucadele desteklemelerinden haberdar olma ve bagvuru konusunda direticilerin ¢ok da gayret
gostermedigi, bakanlik ilge teskilatinda gérev yapan teknik personelin, ortii alti kayit sistemi iiretici takibi
caligsmalar1 kapsaminda, iireticileri B/BT micadele uygulamasi yapmaya tesvik ettikleri, destekten haberdar etme
ve bagvuru siirecinde yardimci olduklart bilgisi edinilmistir. Demir ve Yavuz (2010)’un Daugbjerg ve ark.,
(2005)’ndan aktardigi bir ¢aligmada, tarimsal destekleme seklinin, ciftgilerin tarimsal desteklere bagimlilik
seviyelerini algilamalari {izerinde 6nemli derecede etkili oldugu ifade edilmis, isletme sahiplerinin belirli bir
bilgiye sahip olmaksizin sadece duyumla veya goriiniise gore desteklere bagvurabildigi bildirilmistir.

Tablo 3. Biyolojik / biyoteknik miicadele desteklemesine bagvuru amaci
Table 3. Application purpose for biological / biotechnical control support

5 1.tercih 2.tercih 3.tercih
Destege Bagvuru Amact Adet % Adet % Adet %
Miucadele masraflarim diisiirmek icin 61 56.5 26 25,5 10 11.2
Saglikli iirtin oldugunu belgelendirmek i¢in 31 28.7 47 46.1 13 14.7
Cevremdeki tireticiler bagvurdugu igin 3 2.8 11 10.8 25 28.1
Devlet kontrollinde tretim yapmak icin 4 3.7 17 16.7 35 39.3
Diger 9 8.3 1 0.9 6 6.7

Kutlar ve Ceylan (2008) tarafindan 2006 yilinda Antalya Ili Merkez ilgesinde yiiriitiilen ve entegre miicadele
yontemlerinin yayilmasi ve benimsenmesini inceleyen bir arastirmada; iireticilerin 11 Miidiirliigii tarafindan
ylriitillen “Entegre Miicadele Arastirma, Uygulama ve Egitim” projesine nasil katildiklart sorulmus,
iireticilerin %63.4’1 projede calisan gorevlilerin kdylerinde bulunan kdy grup tarim merkezi teknisyenleri
araciligryla kendilerine ulasmalari, %36.6°s1 ise projede gorevli teknik personelin bizzat isletmelerine gelerek
projeye katilmalarini istemeleri {izerine projeye katildiklarini bildirmislerdir. Bu da gostermektedir ki Tarim ve
Orman Bakanlig1 tarafindan baslatilan yeni teknolojilerin uygulamaya aktarilmasina yonelik ¢caligmalarda il ve ilge
teskilatlart 6nemli rol oynamaktadir. Giinden ve Miran (2008) tarafindan yiiriitiilen ¢caligmada da, teknik yardim,
planlama ve kayit tutma konusunda tarim teskilat1 ve aragtirma kurumlarinin, yore ¢iftcilerinin tercihi bakimimdan
ikinci siray1 aldigi bildirilmistir.

3.5. B/BT mucadele desteklerinden memnuniyet durumu ve destekden yararlanmaya devam etme durumu

B/BT miicadele destekleri, {iriin maliyetlerini karsilamada bir nebze yardimci oldugu diistincesiyle tireticiler
tarafindan olumlu karsilanmaktadir. Bati  Akdeniz Bolgesi’'nde goriisiilen {reticilerden destekten
yararlananlarin %69.4’4 B/BT micadele desteklemelerinden memnun oldugunu, %85.2’si desteklemeden
yararlanmaya devam edecegini, %77.8’1 ise destekleme olmasa bile B/BT micadele uygulamasina devam
edecegini ifade etmektedir (Tablo 4).

Ureticiler, B/BT miicadele uygulamalar1 beraberinde kullanilan kimyasallarin digerlerine gore oldukca pahali
oldugundan yakinmakta, bunun yaninda ireticilerin destek miktarmi tatmin edici bulmadiklarini ve verilen
desteklerin artirilmas1 gerektigini ifade etmektedir. Uretici goziyle tarimsal desteklerin degerlendirildigi bir
calismada iireticilerin tarimsal destekleme miktarini genel anlamda yeterli bulmadigi, destekleme miktari ve
destekleme ¢esidi ne olursa olsun desteklerin kullanim seklinin destek 6deme zamanina gore sekillendigi ifade
edilmistir (Erdal ve ark., 2013)
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Tablo 4. B/BT Micadele destekleri ve B/BT miicadele yontemi uygulamalarimin devamliligi hakkinda Uretici

goriisleri
Table 4. Producer opinions on B / BT control supports and continuity of B / BT controlmethod practices
B/BT miicadele B/BT miicadele Destekleme olmasa bile
desteklerinden memnuniyet  desteklerinden yararlanmaya B/BT micadele
Goriis durumu devam etme durumu uygulamalarina devam etme
durumu
Adet % Adet % Adet %
Evet 75 69.4 92 85.2 84 77.8
Hayir 33 30.6 16 14.8 24 22.2
Toplam 108 100.0 108 100.0 108 100.0

Destekten memnun olmadigini ifade eden iireticilerin gerekcesi destek miktarinin az oldugu yoniindedir.
Ureticiler, B/BT miicadele uygulamalar1 beraberinde kullanilan kimyasallarin digerlerine gére oldukga pahali
oldugunu ve verilen desteklerin artirilmasi gerektigini ifade etmislerdir. Bunun yaninda destekleme 6demelerinin
0deme zamaninmin gecikmesi de ireticiler tarafindan olumsuzluk olarak ifade edilmektedir. B/BT micadele
yontemi ile iiretilen triinler ile diger {irlinler arasinda fiyat farkinin olmamasinin {ireticileri demoralize ettigi
anlasilmaktadir. Ureticiler, kamu spotu vb. yaymlarla B/BT micadele ile Uretilen driinlerin tiketicilere
anlatilmasini, boylece saglikli iirtine farkli fiyat 6deme istekliliginin artirilabilecegini ifade etmektedir.

Desteklemeden ziyade farkli fiyat uygulamasi tiim treticilerin beklentisidir. Karaturhan ve ark. (2005)’de
entegre miicadele yontemleri kullanilarak yetistirilen tirtinlerin farkli fiyattan satilamamasinin, bu yontemlerin
yayginlagsmasina engel oldugunu ifade etmektedir. Tuketici tercihlerinin yénlendirilmesi pazarlama zincirinde yer
alan aracilar1 da yonlendirebilecektir. Zira halihazirda iiriin hale gotiiriildiigiinde komisyoncular tarafindan B/BT
miicadele ile iiretilmis olmasi dikkate allmmamakta, diger irlinlerle ayni fiyattan degerlendirilmektedir. Bu
miicadele yontemlerinin kullanimini yayginlastirmak amaciyla, {iriin saglig1 ve dolayisiyla insan sagligini koruma,
buna ilaveten dogal ¢evreye zarar vermeme bilincinin gelistirilmesi gereklidir.

3.6. Destekleme olmasa bile B/BT miuicadele iiriinlerini kullanmaya devam etme olasiligr tahmin eden
lojistik regresyon

Karaturhan ve digerleri (2005) entegre miicadele uygulamasinda kullanilan girdilerde siibvansiyon ve
0zendirici tedbirlerin alinmasinin benimsemeyi hizlandirici etki edecegini ifade etmistir. Polat ve Dellal (2016)
ireticilerin iyi tarim uygulamasina devam etmek i¢in beklentilerini sorgulamig, en yiiksek oranda beklenti
(treticilerin %30’u) destegin artmasi olarak ifade edilmistir. Saym ve ark. (2015 b) tarafindan yapilan ¢alismada
iyl tarim uygulamasi yapma gerekgeleri treticilere sorulmus, ireticilerin %56.5 i desteklemeden yararlanma
secenegini gerekce olarak bildirmislerdir.

Bu ¢alismada logistik regresyon, B/BT miicadele yapan ureticilerin destekleme olmasa bile B/BT mucadele
tirlinlerini kullanmaya devam edeceklerini bildirme olasiliklari izerinde bazi unsurlarin etkilerini degerlendirmek
igin yliriitilmistiir (Tablo 5). Model on adet bagimsiz degisken icermektedir (yas, egitim, deneyim, orgiit tiyeligi,
tarim dis1 gelir varligi, danismanlik hizmeti alma durumu, biyoteknik miicadele kullanma durumu, biyolojik
mucadele kullanma durumu, kimyasal mucadelede teknik destek alma durumu, desteklemeden memnun olma
durumu). Tiim yordayicilar iceren istatistiksel model anlamli bulunmustur, X? (10, N= 108) = 27.68, p < 0.002,
bu degerler modelin B/BT micadele drinlerini kullanmaya devam edeceklerini bildirenlerle devam
etmeyeceklerini bildirenleri ayirt edebildigini géstermektedir. Bir biitiin olarak model B/BT micadele uygulama
karart ile ilgili varyansin %22.6 (Cox ve Snell R kare) ile %34.6 (Nagelkerke R kare) arasinda bir kismini
aciklayabilmekte olup fireticilerin %82.4’{inli dogru siiflandirabilmistir. Tablo 5’de goriilecegi gibi, bagimsiz
degiskenlerin sadece ii¢ tanesi modele kendilerine 6zgii istatistiksel olarak anlamli katkida bulunmuslardir (egitim,
danigmanlik hizmeti alma durumu, desteklemeden memnun olma durumu).

B/BT miicadele iiriinlerini kullanmaya devam etme karar bildirmenin en gii¢lii yordayicisi egitim diizeyi olup
bunun ihtimal oran1 1.39°dur. Modeldeki diger tiim unsurlar kontrol altinda tutuldugunda, egitim diizeyi yiiksek
olan ureticilerin B/BT Urinlerini kullanmaya devam edecegini bildirme olasilig1 1.4 kat daha yUksektir.
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Tablo 5. Destekleme Olmasa da B/BT Uriinlerini Kullanmaya Devam Etme Olasiligt Tahmin Eden Lojistik

Regresyon

Table 5. Logistic regression predicting the likelihood of continuing to use B / BT products without support

ihtimal 95% C.1 i'htimal
B SE Wald df p orant Orani I¢in

Diisiik  Yiksek

Yas 016 .043 133 1 .715 1.016 933 1.106

Egitim(y1l) 328 119 7652 1 .006 1389 1.100 1.753

Deneyim .049 033 2118 1 .146 1.050 .983 1.121

Orgiit iiyeligi -1.228 718 2920 1 .087 293 072 1.198

Tarim dis1 gelir varligi .810 642 1592 1 .207 2.248 .639 7.912
Danigmanlik hizmeti alma durumu 2395 1146 4366 1 .037 10974 1.160 103.799
Biyoteknik mucadele kullanma durumu 1151 1201 919 1 .338 3161 .300 33.261
Biyolojik miicadele kullanma durumu 1524 1221 1558 1 .212 4592 419 50.271

Kimyasal micadelede teknik destek alma -875 755 1342 1 247 417 .095 1.832
Desteklemeden memnun olma durumu 1760 666 6.982 1 .008 5814 1576  21.453

Sabit -4990 2716 3375 1 .066 .007

B/BT micadele iiriinlerini kullanmaya devam etme karari bildirmenin ikinci gii¢lii yordayicisi desteklemeden
memnun olma durumudur. Bunun ihtimal orani 5.81°dir. Buna gore, modeldeki diger tiim unsurlar kontrol altinda
tutuldugunda, desteklemeden memnun olan iireticilerin B/BT miicadele {iriinlerini kullanmaya devam etme karar1
bildirme olasilig1 desteklemeden memnun olmadigini bildiren ireticilerin B/BT mucadele driinlerini kullanmaya
devam etme karari bildirme olasiligindan bes kat daha fazladir. Ugiincii sirada etki eden unsur da damismanlik
hizmeti alma durumu olup bunun ihtimal oran1 10.97°dir. Buna gore, danigmanlik hizmeti alan ireticilerin B/BT
mucadele iriinlerini kullanmaya devam etme karar bildirme olasiligi danigmanlik hizmeti almayanlarin B/BT
mucadele drtnlerini kullanmaya devam etme karar1 bildirme olasiligindan yaklasik on bir kat daha fazladur.

4. Sonug

Tarim {irlinlerinin kendine 6zgii yapist nedeniyle tim diinyada tarim sektorii cesitli politika araclar ile
desteklenmektedir. Tiirkiye’de de uzun yillardan bu yana tarim sektoriinii yonlendirme amaciyla farkli tarimsal
destek araglari kullanilmaktadir. Tarimsal desteklerden iireticilerin ne olglide yararlandiginin ve desteklerin
miktarindan ziyade kullanim amacina uygun olarak yararlanilip yararlanilmadiginin bilinmesi azami derecede
Onemlidir.

Cevre ve insan sagligina uyumlu iiretim teknikleri ile iiretilmig gidalara olan ilgi ve talep her gecen giin
arttigindan, tiiketim tercihlerinde etkili faktorler iiretici ¢evreler tarafindan dikkate alinmak durumundadir. Bu
tekniklerden emek ve bilgi gerektirenlerin uygulanmas: ve siirekliliginin saglanmasi i¢in desteklenmesi
gerekmektedir. Onuncu Kalkinma Planinda (2014-2018); uygulanmas: planlanan tarim politikasinin stratejik
hedefleri yeterli ve dengeli beslenmenin saglanmasi: ve kiiresel rekabet¢i ve ¢evre dostu bir tarim sektoriiniin
gelistirilmesi olarak ifade edilmistir. B/BT miicadele destegi bu stratejik hedeflere ulasmak amacryla uygulamaya
konulan destek araglarindan biridir (Anonim 2014 b).

Aragtirma sonuglan treticilerin B/BT miicadele desteklerinden memnun oldugunu, destekten yararlanmaya
devam etmek istedigini, destekleme olmasa bile B/BT miicadele uygulamalarini yapma egiliminde oldugunu
ortaya koymustur. Saym ve ark. (2020) tarafindan yapilan ¢alismada, B/BT miicadele yéntemlerini uygulayan
iireticilerin oncelikli olarak insan ve ¢evre sagligini diisiindiikleri igin bu yontemleri benimsedikleri, ancak B/BT
miicadele materyallerinin yliksek maliyetli olusu goriisiiniin yaygin oldugu bildirilmistir. Ayni ¢aliymada, B/BT
micadele yontemlerini uygulamayan Ureticilerin de, B/BT miicadele uygulamasinin yiiksek maliyetli oldugu,
biyolojik miicadele materyallerinin zamaninda ve yeterli miktarda temin edilemedigi ve destekleme 6demesinden
habersiz olduklar1 gerekceleriyle uygulama yapmadiklar ifade edilmistir. Goriildiigii gibi bu uygulamalari
benimseme ve siirdiiriilebilir kilmada baslica etken zararlilarla miicadele performansi ve bunun yaninda iiriiniin
ozelligi nedeniyle elde edilmesi beklenen farkli fiyat uygulamasidir. B/BT miicadele uygulamasinin basarisi,
yontemlerin kullanimina devam etmede son derece etkilidir. Biyolojik miicadele etmenlerinin etkili olmadig:
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yoniinde ireticiler arasinda ¢ikan soylentiler, yasanan bilgi kirliligi, hatta kimyasal ilag saticilarinin olumsuz
yonlendirmeleri bu yontemi hi¢ uygulamamis olan ireticilerde on yargi olusturmaktadir. B/BT miicadele
desteklemelerinin devamliligi, uygulamalarin dogru yapilmasina imkan saglayacak teknik destek ve egitim-yayim
caligmalart ve bunun yaninda iiriinlere yonelik bilingli bir tiiketici yaklagiminin gelismesi halinde saglikli ve
giivenli gida iiretimi konusunda bir adim daha atilmig olacaktir. Elde edilen sonuglarin; desteklerin miktari,
cesitleri ve 6ddenme zamani yoniinden ireticiler tarafindan elestirildigi veya yetersiz bulundugunu gostermesi,
bunun yaninda B/BT miicadelesi uygulanan iiriinlerin piyasada farkli fiyatlandirilmamasini asil sorun olarak 6ne
cikarmasi bakimindan oOnemli oldugu ve uygulanan politikanin giincellenmesinde katki saglayacagi
diistiniilmektedir. Bu ¢alismay: takiben, mevcut duruma bir de B/BT miicadele etmen ve aparatlarini pazarlayan
firmalar, ilag bayileri ve 6zellikle iyi tarim uygulamalarinin denetimini saglayan tarim teskilati teknik personelinin
goziinden bakarak, destekleme uygulamasinin etkinligini artirmaya yo6nelik 6neri gelistiren bilimsel arastirmalar
yapilmalidir.

Tesekkiir

Bu ¢alisma, 2017-2018 yillarinda Tarimsal Arastirmalar ve Politikalar Genel Midiirliigii’niin fon destegi ile
ylriitiilen bir projeden elde edilen verilerle hazirlanmistir.

356



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(2)

Kaynakca

Abay, C., Tiirkekul, B., Oren. M.N., Giirer, B., Ozalp, B. (2017). Tiirkiye’de iireticilerin tarimsal desteklerden faydalanma durumu Gizerine bir
inceleme, Balkan ve Yakin Dogu Sosyal Bilimler Dergisi, 03(1): 130-136.

Anonim, (2006). 5488 Sayili Tarim Kanunu

Anonim, (2010). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi, 08.12.2010 Tarih ve
27779 Sayili Resmi Gazete

Anonim, (2011). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2011/38),
27.08.2011 Tarih ve 28038 Sayili Resmi Gazete

Anonim, (2012). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2016/24),
10.08.2012 Tarih ve 28380 Sayili Resmi Gazete

Anonim, (2013). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2013/30),
02.06.2013 Tarih ve 28665 Sayili Resmi Gazete

Anonim, (2014 a) Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2014/23),
03.06.2014 Tarih ve 29019 Sayili Resmi Gazete

Anonim, (2014 b) Kalkinma Bakanlig1 10. Kalkinma Plan1 Bitkisel Uretim OIK Raporu. s:26-28
Anonim (2014 c). Bolge Plan1 2014-2023. TR Duizey 2 Bolgesi. Bat1 Akdeniz Kalkinma Ajansi, .61, Antalya.

Anonim, (2015 a). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2015/22),
05.06.2015 Tarih ve 29377 Sayili Resmi Gazete

Anonim, (2015 b). Ulkemizde Zirai Miicadele Girdilerinin Degerlendirilmesi,
https://arastirma.tarimorman.gov.tr/zmmae/Belgeler/SolMenu/Y ayinlar/UlkemizdeZiraiMiicadeleGirdilerininDegerlendirilmesi.pdf
(Erisim tarihi: 01.02.2019)

Anonim, (2016). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2016/24),
28.06.2016 Tarih ve 29756 Sayili Resmi Gazete

Anonim, (2017). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2017/36),
17.09.2017 Tarih ve 30183 Sayili Resmi Gazete

Anonim, (2018). Bitkisel Uretimde Biyolojik ve/veya Biyoteknik Miicadele Destekleme Odemesi Uygulama Tebligi (Teblig No: 2018/22),
08.05.2018 Tarih ve 30415 Sayili Resmi Gazete

Atasoy, D. (2001). Lojistik regresyon analizinin incelenmesi ve bir uygulamasi. Yaymlanmamis Yiiksek Lisans Tezi, Cumhuriyet Universitesi,
Sosyal Bilimler Enstitiisi, Sivas.

Ates A, Saym C 2008. Antalya flinde Ortiialt1 Yetistiriciliginde Ozel Tarimsal Danismanlik Hizmetleri Uzerine Bir Arastirma. Akdeniz
Universitesi Ziraat Fakiiltesi Dergisi, 21(2): 251- 263.

Bayramoglu, Z., Oguz, C., Arisoy, H., Karakayaci, Z. (2014). Tirkiye’de uygulanan tarimsal desteklerin tarim igletmelerinin ekonomik
siirdiiriilebilirligine etkisi: Konya ili 6rnegi, TUBITAK Proje Sonug Raporu, 173 s.

Gigek, A., Erkan, 0.(1996). Tarim ekonomisinde arastirma ve 6rnekleme yontemleri. Gaziosmanpaga Universitesi, Ziraat Fakiiltesi Yayinlari
No: 12, Ders Notlar1 Serisi No: 6, Tokat

Cobanoglu, F , Tunalioglu, R, Yilmaz, H.i., Bozkiran, S, Nalbantoglu, A., Yildiz H. (2017). Kirsal Kalkinma Yatirimlarinin Desteklenmesi
Programimin Etkisinin Degerlendirilmesi: Bursa Ili Ornegi. Tekirdag Ziraat Fakiiltesi Dergisi, 14 (1) , 16-27.

Daugbjerg, C., Tranter,R., Jones, P., Little, J., Costa, L., Knapp, T., Sottomayor, M. and Swinbank, A. (2005). The visibility of agricultural
subsidies and market illusions in the common agricultural policy: Some evidence from farmers' views in Germany, Portugal and The
United Kingdom, European Journal of Political Research 44 (6): 749-766 OCT .

Demir, N., Yavuz, F. (2010). Hayvancilik destekleme politikalarina ¢iftgilerin yaklasimlarinin bolgelerarasi karsilagtirmali analizi, Atatlrk
Universitesi Ziraat Fakiiltesi Dergisi, 41 (2), 113-121,

Erdal, G., Erdal, H., Giirkan, M. (2013). Tiirkiye’de uygulanan tarimsal desteklerin iiretici agisindan degerlendirilmesi (Kahramanmaras ili
ornegi). International Journal of Social and Economic Sciences 3 (2): 92 -98.

Giinden, C., Miran, B. (2008). Ciftcilerin Temel isletmecilik Kararlarinin Oncelik ve Destek Alma A¢isindan Analizi. Tekirdag Ziraat Fakiiltesi
Dergisi, 5 (2) , 67-80 . Retrieved from https://dergipark.org.tr/tr/pub/jotaf/issue/19051/201485

Karaturhan, B., Boyaci, M., Yasarakinci, N. (2005). Ege Bélgesinde entegre miicadelenin yayiminda karsilasilan sorunlar: Ortii alt1 sebze
yetistiriciligi 6rnegi, Ege Universitesi Ziraat Fakiiltesi Dergisi, 42(2):155-166.

Kutlar, 1., Ceylan, C. (2008). Antalya {li Merkez Tlgesinde entegre miicadele yonteminin yayilmasi ve benimsenmesi, Bahge 37 (1): 25 — 33

Oguz, C., Direk, M., Yigit F. (2000). Konya ilinde elma iireticilerinin tarim ilac1 kullamm ve gevresel etkileri, IV. Ulusal Tarim Ekonomisi
Kongresi 6-8 Eyliil 2000 Tekirdag.

357



Sayin & Bayav & Besen & Emre & Celikyurt & Karamiirsel &Kuzgun & Yilmaz & Arslan
Biyolojik - Biyoteknik Miicadele Desteklemeleri Hakkinda Uretici Griislerinin Belirlenmesi

Ozkan, A., Akinci, A.R ve Soysal, A. (1991). Antalya ilinde ciftcilerce zararli miicadelesinin kavranmasi ve uygulamalar1 konulu siirvey.
Derim. 8(2):56-75.

Pallant, J. (2015). SPSS kullanma kilavuzu - SPSS ile adim adim veri analizi, Cevirenler: Berat Ahi, Sibel Balci, An1 Yayinlari. 384 s.

Polat, K., Dellal, 1. (2016). Géksu Deltasi’nda celtik yetistiriciligi yapan iireticilerin iklim degisikligi algisi ve iyi tarm uygulamalari
yapmalarinda etkili faktorlerin belirlenmesi, Tarim Ekonomisi Arastirmalar1 Dergisi, 2(2):46-54.

Sayin, B., Celikyurt, M.A., Kuzgun, M., Aydm, B., (2015 b). Antalya ilinde 6rtiialt1 yetistiriciligi yapan iireticilerin iyi tarim uygulamalarina
yaklagimi, Derim, 32(2):171-186.

Sayin, B., Bayav, A., Besen, T., Karamiirsel, D., Celikyurt, M.A., Emre, M., Kuzgun, M., Y1lmaz, $.G., Arslan, S. (2020). Ureticilerin biyolojik
ve biyoteknik miicadele uygulamalarma bakist ve gevre duyarliliklarin belirlenmesi. Kahramanmaras Siitgii imam Universitesi Tarim
ve Doga Dergisi, 23 (2), 453-466.

Sayn, C., Giilgubuk, B., Bozoglu, M., Kogak, A., Ozalp, A., Sav, O., [lbasmus, E., Ceylan, M. (2015 a). Tiirkiye’de tarimsal yapida degisim
ve izlenen politikalar, Tiirkiye Ziraat Mithendisligi VIII. Teknik Kongresi, Bildiriler Kitabi-1, 12-16 Ocak, TMMOB Ziraat Miihendisligi
QOdast, s:9-32.

Temel, N., Yarpuzlu, F., Tifekli, M., Tireng Karut, S., Portakaldali, M., Seger, A. (2017). Siirdiiriilebilir tarimda biyolojik miicadelenin yeri
konusunda ciftgilerin bilgi dizeyinin belirlenmesi, Turk. Biyo. Mucadele Derg. 8 (1): 71-82

Topuz, E., Teksam, 1., Karatas, A. (2016). Bati Akdeniz Bolgesi’'nde Tuta Absoluta (Meyrick) (Lepidoptera:Gelechiidae)’nin biyoteknik
miicadele olanaklarinin arastirilmasi, Bitki Koruma Biilteni 2016, 56(3): 239 — 258.

Uygun, N., Karaca, 1., Ulusoy, M.R. (1992). Tiirkiye'de turunggil zararlilarina kars: entegre savas calismalari. Uluslararasi Entegre Zirai
Miicadele Sempozyumu Bildirileri, 15-17 Ekim 1992, izmir. 95-108.

Yamane T (2001). Temel drnekleme yontemleri. Cevirenler: Alptekin Esin, Celal Aydin, M. Akif Bakir, Esen Giirbiizsel, Literatiir Yayincilik,
Istanbul.

Yanar, D., Yanar, Y., Erdal, H., Erdal, G., Poyraz, E. (2018). Antalya ilinde ortii alt1 yetistiriciliginde kargilagilan bitki koruma sorunlar1 ve
tiretici biling diizeyi. Gaziosmanpasa Bilimsel Arastirma Dergisi, 7(3) : 38-48

Yavuz, F., Tan, S., Tunalioglu, R. ve Dellal, I. (2004). Tarimsal destekleme politikalarmin FEOGA ¢ercevesinde OTP uyumu iizerine bir
caligma. Tiirkiye VI. Tarim Ekonomisi Kongresi, 16-18 Eylil 2004, Tokat, 44-52.

358


https://www.idefix.com/Yazar/berat-ahi/s=318676
https://www.idefix.com/Yazar/sibel-balci/s=318675

Basvuru/Received: 30/09/20

Kabul/Accepted: 02/03/21

f Journal of Tekirdag Agricultural Faculty MayisMay 2021, 18(2)
Tekirdag Ziraat Fakiltesi Dergisi DOI: 10.33462/jotaf.802681

jota

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Germination Biology of Some Sage (Salvia ssp.) Species Under Salinity
Stress

Tuzluluk Stresinin Baz1 Adagay1 (Salvia ssp.) Turlerinde Cimlenme Biyolojisinin
Belirlenmesi

Banu KADIOGLU
Abstract

Soil salinity is one of the most important abiotic stress factors affecting agricultural productivity in arid and semi-
arid regions. Salinity negatively affects the soil as well as causes negativity in the plants grown on it. In plants
exposed to salt stress, processes such as germination, emergence and sprout are affected, as well as many
morphological and physiological negativities and the plant develops mechanisms that can tolerate these
negativities. In addition, such plants gain importance in terms of the evaluation of soils with salinity problems. It
is necessary to know and make use of the species and varieties that can make use of such soils in conditions where
salinity removal is difficult and uneconomical for different reasons. Lamiaceae (Labiatae) family grows in a wide
area and different species of salvia and sideritis genus belonging to this family are known as sage. Stress factors
in plants cause the growth and development periods of plants to slow down and their metabolic functions to
deteriorate, thus causing death in plants. The response of different plants or even different species of a plant to salt
concentrations may be different. Therefore, this research was conducted to determine the effects of salt stress on
seed germination in some sage species. Seven different (0, 25, 50, 75, 100, 125, 150 mM) of three sage species (S.
nemorosa L., S. verticillata L., S. officinalis L.) salt concentration applied. In the study, germination rate,
germination speed, average daily germination, peak value and germination values were examined. When the
properties investigated were evaluated, it was determined that the woodland sage species, whose germination rate
and germination rate decreased as the salt concentration increased, gave the best results. It was determined that
lilac sage type gave the best results for the peak value and germination values where the average daily germination
value was obtained from 25 mM salt application in three species.

Keywords: Salt, Tolerance, Concentration, Effects, Emergence, Seed

*Sorumlu Yazar/Corresponding Author: Banu Kadioglu, Eastern Anatolia Agricultural Rsearch Institute. Erzurum. Turkey. E-mail: banu250@hotmail.com
OrclD: 0000-0002-9041-5992

Atif/Citation: KADIOGLU, B. Determination of Germination Biology Some Sage (Salvia ssp.) Species Under Salinity Stress. Tekirdag Ziraat Fakiiltesi Dergisi, 18

(2), 359-367.

©Bu calisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https:/creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmistir. Tekirdag 2021 359


mailto:İlkyazarr@nku.xxx
https://orcid.org

Kadioglu

Determination of Germination Biology Some Sage (Salvia ssp.) Species Under Salinity Stress

Ozet

Kurak ve yarnt kurak bolgelerde toprak tuzlulugu tarimsal verimliligi etkileyen en Onemli abiyotik stress
faktorlerinden birisidir. Tuzluluk topragi olumsuz etkiledigi gibi {izerinde yetigen bitkilerde de olumsuzluklara
neden olmaktadir. Tuz stresine maruz kalmis bitkilerde ¢imlenme, ¢ikis, siirme gibi siireglerinin etkilenmesi yant
sira morfolojik ve fizyolojik bircok olumsuzluklar goriilmekte ve bitki bu olumsuzluklar tolere edebilecek
mekanizmalar gelistirmektedir. Ayrica tuzluluk problemi olan topraklarin degerlendirilmesi agisindan da bu tiir
bitkiler 6nem kazanmaktadir. Tuzlulugun giderilmesinin farkli nedenlerle zor ve ekonomik olmadig1 kosullarda
bu tiir topraklari degerlendirebilecek tiir ve ¢esitlerin bilinmesi ve yararlanilmas1 gerekmektedir. Lamiaceae
(Labiatae) familyasi genis bir alanda yetismekte ve bu familyaya ait salvia ve sideritis cinslerinin farkli tiirleri
adacay1 olarak bilinmektedir. Bitkilerde stres faktorleri, bitkilerin biiyiime ve gelisme donemlerinin yavaglamasina
ve metabolik fonksiyonlarinin bozulmasina bu nedenle de bitkilerde 6liimlere sebep olmaktadir. Farkl bitkilerin
hatta bir bitkinin farkl tiirlerinin tuz konsantrasyonlarina cevabi farkli olabilmektedir. Bu nedenle baz1 adagay1
tirlerinde tohum ¢imlenmesi tizerine tuz stresinin etkilerini belirlemek amaci ile bu aragtirma yapilmistir. Tesadif
parselleri deneme desenine gore on tekrarli olarak yiriitiilen ¢aligmada {i¢ adagay1 tiiriine (S. nemorosa L., S.
verticillata L., S. officinalis L.) yedi farkli (0, 25, 50, 75, 100, 125, 150 mM) tuz konsantrasyonu uygulanmustir.
Calismada ¢imlenme orani, ¢imlenme hizi, ortalama giinliik ¢imlenme, tepe degeri ve ¢imlenme degerleri
incelenmistir. incelenen 6zellikler degerlendirildiginde ¢imlenme orani ve ¢imlenme hizinin tuz konsantrasyonu
arttikga azaldig1 woodland sage (S. nemorosa) tiiriiniin en iyi sonuglart verdigi belirlenmigtir. Ortalama giinliik
¢imlenme degerinin ii¢ tiir icinde 25 mM tuz uygulamasindan elde edildigi tepe degeri ve cimlenme degerleri i¢in
en iyi sonuglari lilac sage (S. verticillata) tiiriiniin verdigi saptanmustir.

Anahtar Kelimeler: Tuz, Tolerans, Konsantrasyon, Etki, Cikis, Tohum
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1. Introduction

Soil salinization, usually occurring in arid and semi-arid areas, is a major problem in our country as well as in
the world. Salinity, one of the abiotic stress factors, impacts the soil's structural structure and causes productivity
to decline. Whereas the water at the optimum level in the environment ensures plant growth, soil salinity affects
plant water intake and reduces plant yield and quality. The response of the plants to salt stress varies depending
on the form and amount of salt being applied and the plant type and variety (Yilmaz et al., 2011); (Shavrukov,
2013); (Arslan and Aydinoglu, 2018); (Tiryaki, 2018). Reaction to salt applications varies depending on the plant
(Pastori and Foyer, 2002); (Bartels and Sunkar, 2005). These variations refer not only to different species but to
varieties of the same species as well (Munns, 2002); (Turhan and Seniz, 2010); (Onal Asci and Uney, 2011).

Since improving salty soils is difficult and not economical growing salt-resistant plants is very important in the
assessment of salty soils (Turhan and Seniz, 2010); (Onal Asci and Uney, 2011). Salinity which is one of the
abiotic stress factors restricting the growth and development of plants that define the geographical distribution of
medicinal and aromatic plant species (Vriezen et al., 2007), affects medicinal and aromatic plants in various
physiological periods such as germination, seedling and maturation (Mondal and Kaur, 2017). Camlica and Yaldiz
(2017) found in their study that as salt concentrations increased basil germination time, shoot and root length
decreased. In other studies investigating the effect of salt stress it has been stated that different salt concentrations
negatively affect the wet and dry weight of the plant, stem and shoot development (Hosseini and Rezvani
Moghadam, 2006); (Akbari et al., 2007); (Mahdavi et al., 2007); (Hamidi and Safarnejad, 2010).

To date, there have been several studies conducted to determine the impact of salt stress and it has been
concluded that salinity affects germination. The cultivation of medicinal and aromatic plants with an economic
value in troublesome soils such as salinity would both ensure soil productivity and increase farmers' earnings. In
the study conducted with this assumption the goal was to determine the response of various sage species in
germination biology parameters at different salt concentrations.

2. Materials and Methods

In the study carried out in 2020 under controlled conditions (25 £ 1 ° C); on the sage tea species obtained from
Atatlirk Horticultural Central Research Institute, woodland sage (Salvia nemorosa L.), lilac sage (Salvia
verticillata L.) and common sage (Salvia officinalis L.) seven different salt concentrations (0, 25, 50, 75, 100, 125,
150 mM) were applied 10 mm NaCl solutions were added to petri dishes. The seeds sterilized with sodium
hypochlorite (5%) were left to germinate. The germinated seeds (reaching 2 mm radicle size) were counted and
removed from the environment (Prado et al., 2000). In the study, germination rate (%), germination time (days),
average daily germination, peak value and germination value were examined (Czabator, 1962); (Ellis and Roberts,
1981); (Gairola et al., 2011).

Germination percentage (GP) = E"—nx 100 (Eq.1).

n = Number of germinated seeds

¥ n= Total number of seeds

Germination speed (GS) = rtl—ll + rtl—zz + - (Eq.2).
Ny, Ny,... are the number of germinated seeds at times ti, to, ..... (in days)

Mean dally germination (M DG) - Total number of germinated seeds (Eq.3).

total number of days

Peak Value (PV) = MERS Seec Bammaes (Eq.4).
Germination Value (GV)=MDG X PV (Eq.5).

The study results were statistically tested using variance analysis and duncan multiple comparison tests (5%)
(Dowdy and Wearden, 1983).
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3. Results and Discussion

In the study carried out, all applications on sage species at 1% (P<0.01) all applications were important for the
sage species. Salt stress has been determined to be effective on GP (Eq.1), there is no difference between the
species and as the salt concentration rises, the GP value decreases with the highest value at woodland sage (85%),
followed by lilac sage (80%) and common sage (42%), respectively (Figure 1).

120 +
100 -
80 -
60
40
20

0 4

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl
25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

Woodland Sage Lilac Sage Common Sage

There is no difference between the mean shown on bars in the same letter (P <0.01).
Figure 1. Effect of salt stress on GP in sage species
It was seen that GS (Eq.2) values in all three species decreased as the salt concentration increased. The

woodland sage species gave the best result with 9.85 days in the application of 25 mM salt while the lilac sage and
common sage species had the lowest values with 150 mM of salt application with 3 days (Figure 2).

1400 - f

12.00 - e

10.00 - e
8.00
6.00 -
4.00
2.00 -
0.00 -

Control

25 mM NaCl
Control

25 mM NaCl
Control

25 mM NaCl

50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

50 mM NacCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

50 mM NaCl
75 mM NaCl
100 mM NacCl
125 mM NaCl
150 mM NaCl

Woodland Sage Lilac Sage Common Sage

There is no difference between the mean shown on bars in the same letter (P <0.01).

Figure 2. Effect of salt stress on GS in sage species

When we examined the impact of salt stress on MDG (Eq.3), we determined that there was no difference
between species. In woodland sage, lilac sage and common sage species, as the salt concentration increased, MDG
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was negatively affected and 25 mM of salt application provided the best results compared to the control in all three
varieties (Figure 3).

8.0 -
7.0 -
6.0 -
5.0
4.0 -
3.0
2.0 -
1.0 4
0.0

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl
25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl
25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

Woodland Sage Lilac Sage Common Sage

There is no difference between the mean shown on bars in the same letter (P <0.01)
Figure 3. Effect of salt stress on MDG in sage species

Concerning PV (Eq.4), it was observed that the lilac sage species gives the best results and the applications on
the woodland sage species give better results than the control. In 75 mM, 25 mM and 50 mM salt applications,

species (woodland sage, lilac sage and common sage) obtained the values of 1.67, 2.33 and 1.50, respectively
(Figure 4).

3.00 -
250 - b b
2.00 -
150 -
1.00 -
050 -
0.00 -

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

25 mM NaCl
50 mM NaCl
75 mM NaCl
100 mM NaCl
125 mM NaCl
150 mM NaCl

Woodland Sage Lilac Sage Common Sage

There is no difference between the mean shown on bars in the same letter (P <0.01)
Figure 4. Effect of salt stress on PV in sage species

In three species of sage, it was determined that 100 mM and 150 mM applications of salt stress had negative
effects on GV (Eq.5) and lilac sage species gave the best results. 25 mM salt application in woodland sage and
lilac sage type had the highest values with 6.45 and 9, whereas in common sage type, 50 mM salt application had
the highest value with 2.57 (Figure 5).
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There is no difference between the mean shown on bars in the same letter (P <0.01).

Figure 5. Effect of salt stress on GV in sage species

Salt stress and drought stress can also be confused with symptoms such as plant growth regression, slowing of
growth in plant vegetative parts. The element "salt" may have a detrimental effect on plants and cause plant
nutritional irregularities. Salinity in the soil can be addressed in various ways. These can be listed as providing
sufficient drainage, washing the soil with water with a low salt concentration, or growing salt-tolerant plants. It is
also very important to determine and grow medicinal and aromatic plants that can be cultivated in different
topographies and problem areas, particularly in marginal areas, with various programs and that can tolerate
environments such as saltwater or salty soil. The selection and development of plants whose reactions to salt are
determined with such studies also gain importance. The data we obtained in this study conducted with three
different species of sage show similarities with the results of other studies. In a study examining the impact of
various salt applications (0, 50, 100, 150 and 200 mM) on the growth of sage (Salvia officinalis L.), which has an
important position among medicinal and aromatic plants, it was determined that plant height, wet and dry root
weight, wet and dry leaf weight, wet and dry stem weight were changed. Concerning the cultivation of sage in
saline areas, adaptation studies on different species and varieties has been recommended (Kulak, 2011). In another
study, it was reported that different salt concentrations, did not affect the sage growth much up to 100 mM salt
level, but at amounts above this salt level, plant growth was negatively affected (Camlica et al., 2019). In another
analysis, different salt concentrations (0, 5, 10, 20, 40, 80, 160 mu NaCl) were added to seeds of sage (Salvia
officinalis L.), black cumin (Nigella sativa L.) and flax (Linum usitatissimum L.) and it was reported that as the
salt concentration increases, the amount of germination, germination rate, shoot and root length in these plants
decreases (Yaldiz et al., 2016); (Kiremit et al., 2017). Seed germination and seedling development stage of plants
is the most sensitive stage to salinity. Salt stress causes negative physiological and biochemical changes in
germinated seeds. It has been reported that salt stress affects medicinal plants in three different physiological
phases (germination, seedling and maturation and production periods) (Mondal and Kaur, 2017). In other studies,
it was found that their tolerance to salt stres among plant species was different (Akcay and Tan, 2019); (Okcu,
2020); (Dadasoglu et al., 2020). A research study investigating the impact of concentration of NaCl on plant growth
in Salvia officinalis determined that the application of 100 mM of NaCl reduced plant growth (Ben Taarit et al.,
2010). Salinity delays or prevents germination of seeds by various factors such as reducing water content, making
changes in the mobilization of stored reserves and affecting the structural organization of proteins (Ibrahim, 2016).
Salinity significantly affects seed germination, seedling and plant growth (Kolsarici et al., 2005). In the study
investigating the effects of 40 mM and 80 mM salt conditions on Plectranthus scutellarioides, it was determined
that growth parameters and photosynthetic pigment concentration decreased, and anthocyanin and free proline
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accumulation increased (Hawrylak-Nowak et al., 2019). In a study investigating the effect of increased salt stress
on the oil (EO), phenalics and diterpene content of the leaves of sage tea, it was concluded that the effective
substances in sage tea can be manipulated with salt stress applied for 4 weeks with 0, 50, 75, and 100 mM salt
stresses (Tounekti and Khemira, 2015). In aquaculture, fatty acids were analyzed in sage teas (S. officinalis) grown
under salt stress. It was concluded that the salt application (100 mM) reduced plant growth by 61% and the total
fatty acid amount by 32%, and that sage was a moderately salt tolerant species (Ben Taarit et al., 2010). The effects
of different doses of salt stress on plant growth were investigated, and it was reported that plant growth (42%), K
uptake and plant water content decreased and Na uptake increased in the application of 75 mM NaCl (Ben Taarit
et al., 2011). The effects of salt stress and kinetin application on plant growth, photosynthetic pigments, phenolic
compounds and alpha tocopherols in sage (S. officinalis) were investigated and it was stated that the effects of salt
stress can be improved by the application of kinetin in arid and semi-arid regions (Tounekti et al., 2011). In another
study, examining the effects of the application of saline water during the germination period on the saline tolerance
and morphological characteristics of linen, artichoke, safflower, and echinacea seeds, it was determined that linen
and safflower seeds had more tolerance against salt stress when compared to echinacea and artichoke seeds and
germination rate, offshoot and radicle lengths and plant dry weight characteristics of all plants decreased with the
increasing salinity (Gholizadeh et al., 2016).

Based on the data obtained from the study, it was found that as salt concentrations increased, sage species had
a negative effect on seed germination parameters. In all three species, it was determined that 100 and 150 mM salt
applications had a decreasing effect on seed germination biology and the tolerance of woodland sage and lilac sage
to salt stress was higher than common sage species.

4. Conclusions

Soil salinity can adversely affect the biology of plant growth, water uptake and germination of seeds. Climate
conditions, impermeable layer of soil, erosion, improper irrigation methods, etc. cause salinity and deterioration
of soil. As it is difficult and expensive to upgrade salty soils, it is extremely important to identify and grow plants
that are suitable for those types of soil. In this study, which aimed to determine the salt stress tolerance of sage
species, which is a medicinal and aromatic plant with a high economic value, it was determined that there was no
difference between species, 25 mM salt application gave better results compared to others and the common sage
(S.officinalis L.) species was more affected by salt stress than other species. Considering all the factors examined,
woodland sage (S. nemorasa L.) can be thought as the most tolerant sage species to salt stress. Also can be thought
in stress conditions can be use especially in regions where salinity is difficult to eliminate. Therefore 1t is thought
that Salvia species can be an alternative to be used in breeding programs, that species can be developed by taking
them into field trials and will help the development of sage production in salty areas.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Siyah Alaca Siit Sigirlarinda Mevsim ve Laktasyon Sirasinin Siitiin Bilesimi ve
Kalitesine Etkisi

The Effects of Season and Lactation Number on The Composition and Quality Of Holstein
Cattle Raw Milk

Ahmet Refik ONALY", Mahmut OZKAN?", Yahya Tuncay TUNA3

Ozet

Bu arastirmada, Siyah Alaca irk siit sigirlarindan elde edilen siitlerin Somatik Hiicre sayilari (SHS) tespit edilerek,
SHS’nin mevsim ve laktasyon sirasina gore degisimi ile siit verimi ve siit kalitesine etkisinin aragtirilmasi
amaclanmistir. Bu amagla 30 bas sagmal inegin bir yil boyunca her ay alinan siitleri degerlendirilmistir. Alinan
st drnekleri 250 ml’lik numune kaplarina doldurulmus ve +4 C soguk zincir ile laboratuvara gétiiriilerek analiz
edilmigtir. Calisma kapsaminda siit 6rneklerinin protein, yag, kuru madde, laktoz, oranlar1 ve Somatik Hicre
Sayilar1 Bentley Merkim Nexgen Series Model 1 cihazi ile otomatik olarak yapilmistir. Laktasyon sirasina gore
siit bilesenlerinden oransal yag, protein, kurumadde ve ortalama giinliik verimleri arasinda istatistik olarak fark
olmadig1 gozlenmistir (p>0.05). Laktasyon sirasina gore siitlerin % laktoz ve SHS igerikleri bakimindan istatistik
fark oldugu gozlenmistir (p<0.01). Siitlerin SHS icerikleri incelendiginde en yiiksek SHS 4. laktasyon
(928.30+117.93) ve en diisiik SHS icerigine sahip siitlerin 1. laktasyondaki (356.47+£50.55) hayvanlardan elde
edildigi, yine mevsime gore SHS igerikleri en yiliksekten en diisiige sirasiyla kis (1003.88+83.53), ilkbahar
(877.63+97.43), sonbahar (575.81+63.97) ve yaz (212.36+17.94) mevsimlerine ait oldugu gozlenmistir. SHS ile
sUt verimi arasinda tiim gruplarda negatif yonlii bir iligki oldugu ve 2., 3. ve 4. laktasyonda ise bu iliskinin 6nemli
oldugu gdzlenmistir (p<0.01). Arastirma sonucunda, laktasyon siras1 ve mevsime gore Siyah Alaca ikt sigirlarda
SHS ile siit verimi arasinda genel olarak negatif yonli bir iligki oldugu, bu iliskinin 1. Laktasyon ve yaz mevsimi
harig¢ diger tim guruplarda 6nemli diizeyde oldugu belirlenmistir. Cig siitlerin SHS igerikleri degerlendirildiginde
1. laktasyon grubu ile yaz mevsimi gurubu hari¢ diger tiim gruplarda Tiirk Gida Kodeksi Cig Siit Tebligi’ne gore
belirtilen esik degerin tizerinde oldugu goézlenmistir.
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Abstract

The aim of this study was to determine the Somatic Cell Count of raw milk which obtained from Holstein-Frisian
dairy cow milk and determine the effects of season and lactation number on the composition and quality of raw
milk. Milk samples were collected monthly during one year from 30 Holstein-Frisian dairy cow. The fresh milk
samples were collected in 250 ml flasks and delivered to laboratory at a temperature of 4 °C cold chain and
analyzed. The fat, protein, lactose, dry matter rate and Somatic Cell Count of raw milk samples were automatically
performed with Bentley Merkim Nexgen Series Model 1 device. While no significant differences were found in %
fat, % protein, % dry matter and average daily milk according to lactation number (p>0.05), The differences
determined in %lactose and SCC (p<0.01) were significant. The highest SCC content of raw milk was observed
in the 4th lactation (928.30+117.93) and lowest in 1st lactation (356.47+50.55). According to the seasons the SCC
observed from highest to lowest were in winter 1003.88+83.53, in spring 877.63+£97.43, in autumn 575.81+63.97
and in summer 212.36x+17.94. Negative correlation coefficients observed between SCC and daily milk yield of all
lactations, however the correlation coefficient in first lactation was not significant different from 0. The study
indicated, that were negative relationships between SCC and daily milk yield, except in first lactation and summer.
It has been observed that all groups of SCC are above the threshold value specified in the Turkish Food Codex
Raw Milk notification, except 1st lactation and the summer.

Keywords: Somatic Cell Count, Holstein, Milk Quality, Milk yield, Milk composition
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1. Giris

Giintimiizde ¢ogu gelismis tilkede, somatik hiicre sayis siit kalitesinin 6l¢iisii olarak kullanilmaktadir. Somatik
hiicre sayist mastitis kontrolii ve meme sagliginin 1slahi i¢in dolayli bir &zellik olarak ele alinmaktadir. Siitteki
somatik hiicre sayisimt etkileyen 6nemli neden memenin enfeksiyonudur. Bunun disinda laktasyon donemi,
mevsim, yas, laktasyon sirast gibi faktorler de SHS iizerine etki eden faktorlerdir. Kog (2004) yaptigi calismada
laktasyonun baslangi¢ ayindaki hayvanlardan elde edilen siitlerdeki SHS miktarinin digerlerine gore biraz daha
yiiksek oldugunu bildirmistir. Kennedy ve ark. (1982) ile Gokge (2011) tarafindan yapilan ¢aligmalarda SHS nin
laktasyonun baglarinda en yiiksek seviyede oldugu, daha sonra yirmi besinci ve kirk besinci giinler arasinda hizla
diistiigli ve laktasyonun sonuna kadar bir artig egiliminde oldugu bildirilmistir. Sahin ve Kasik¢1 (2014), artan
SHS’nin siit laktoz, protein ve YKM igerigini anlamli olarak etkiledigini bildirmislerdir. Ozdede (2009), farkli
mevsimlerdeki SHS’lar arasindaki farkliligin énemli oldugunu bildirmistir. Kagikc1 (2012) yapmis oldugu bir
caligsmada siitlin laktoz igerigi ile SHS arasindaki iliskinin negatif yonde anlamli oldugunu bildirirken, protein ve
SHS arasindaki iligkinin dnemsiz oldugunu bildirmistir. Ayn1 ¢aligmada siitiin kuru madde ve protein igerigi ile
SHS arasindaki iligkinin negatif yonlii oldugunu bildirmistir.

Cig siit kalite kriterlerinden biri olan Somatik Hiicre Sayisinin Tiirk Gida Kodeksinin (TGK) 2000/6 No’lu
“Cig Siit ve Isil Islem Gormiis Igme Siitleri” Tebligi'ne gore ¢ig inek siitlerinin bir ml’sindeki somatik hiicre
sayisinin 500.000 ad/ml ve altinda olmasi gerektigi bildirilmektedir (Anonim, 2000).

Yapilan bu ¢aligmada Siyah Alaca irki ineklerden elde edilen siitlerin SHS igerikleri tespit edilerek, SHS nin
laktasyon sirasi ve mevsime gore degisimi ortaya konarak siitiin besin madde igerikleri ile siit verimi arasindaki
iligki incelenmistir.

2. Materyal ve Metot

Calismada, Siyah Alaca 1rki siit sigirlarina sahip bir isletmede 30 bas inege ait siit 6rnekleri degerlendirilmistir.
Isletmeden bir y1l boyunca ayda bir kez aksam siitlerinden numune almmustir. Alinan siit drnekleri 250 ml’lik
numune kaplarina doldurulmus ve +4 C soguk zincir ile laboratuvara gétiiriilerek analiz edilmistir.

Protein, kuru madde, yag, laktoz ve somatik hiicre sayilar1 Bentley Nexgen serisi Model 1 cihazi ile otomatik
olarak yapilmistir (Anonim, 2020). Arastirmadan aragtirma verilerinin degerlendirilmesinde SPSS (15.0) yazilimi
kullamlmustir. Ozelliklere iliskin tanimlayici istatistikler ve pearson korelasyon katsayilart hesaplanmustir.
Laktasyon sirast ve mevsimin etkisinin analizinde ANOVA kullanilmistir. Coklu karsilastirmalar ise Duncan testi
ile yapilmustir.

3. Arastirma Bulgulari ve Tartisma

3.1. Laktasyon siwrasinin etkisi

Laktasyon sirasina gore Siyah Alaca irk1 ineklerden elde edilen verilere iligskin tanimlayici istatistikler Tablo
1’de verilmistir.

Laktasyon sirasina gore siit bilesenlerinden yag, protein, kurumadde oranlar1 ve gunliik siit miktarlar1 arasinda
istatistik fark olmadig1 gézlenmistir (p>0.05).Laktasyon sirasina gore Siyah Alaca sigirlari igin siitiin icerdigi en
diistik yag orani 4. laktasyonda (%3.61+0.058), en yiiksek ise 3. laktasyonda (%3.67+0.057) oldugu g6zlenmistir.
En yiiksek protein ve kurumadde igerikleri sirasiyla 3 laktasyon (%3.30+0.034) ve 4.laktasyondaki (%13.04+0.108)
hayvanlardan elde edilen siitlerde oldugu belirlenmistir. Laktasyon sirasina gore siitlerin laktoz ve SHS igerikleri
bakimindan istatistik farkin onemli oldugu gozlenmistir (p<0.01). Laktoz igerigi en yiiksek 2. laktasyon
(4.76+0.019) ve en diistik 3. laktasyondaki (4.51+0.043) hayvanlardan elde edilen siitlerde oldugu belirlenmistir.
SHS igerikleri degerlendirildiginde en yiiksek SHS degerine sahip siitlerin 4. laktasyon (928.30+£117.93) ve en
diisiik SHS igerigine sahip siitlerin 1. laktasyondaki (356.47+50.55) hayvanlardan elde edilen ¢ig siitler igin tespit
edilmistir. Arastiricilar, laktasyon sirasinin artmasi ile SHS ninda artis gosterdigini bildirmislerdir (Schutz ve ark.,
1990; Goncii ve Ozkiitiik, 2002; Coban ve ark. 2007). Calismada elde edilen sonuglar literatiir kaynaklarinda
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belirtilen sonuglar ile uyumludur. Eyduran ve ark. (2005) yaptiklart bir ¢alismada SHS’ nin 3. laktasyondaki
hayvanlarda yiiksek oldugunu bildirmis ve yiiksek olmasini ise bu hayvanlarin subklinik mastitis hastaligina
yakalanma riskinin daha yiiksek olmas ile iliskilendirmistir. Bu sonu¢ bizim ¢alismamizda elde edilen sonuglar
ile benzerlik gostermemektedir.

Tablo 1. Siitlerin laktasyon sirasina gore iceriklerine iligkin ortalama =+ standart hatalart

Table 1. Means + standard errors of milk yield and milk components acording to lactation numbers

L;':;:fyon Yag (%) n Protein (%) n Laktoz (%)
P 0.830 0.496 0.001
1 47 3.61+0.081 46 3.25+0.044 47 4.72+0.031c
2 177 3.66+0.045 170 3.25+0.023 178 4.76+0.019c
3 108 3.67+0.057 103 3.30+0.034 107 4.51+0.043a
4 91 3.61+0.058 86 3.29+0.034 92 4.63+0.028b
Toplam 423 3.65+0.028 405 3.27£0.016 424 4.66+0.016
Laktasyon 0 Kurumadde SHS Sut Verimi
Sirast (%) n (*1000 ad/ml) n (litre/gtin)
P 0.335 0,001 0,130
1 47 12.70+0.138 47 356.47+50.55a 47 23.87+0.196
2 179 12.96+0.090 178  509.48+42.81a 179 23.69+0.119
3 108 12.84+0.113 104  841.15+86.83b 108 24.06+0.183
4 92 13.04+0.108 89  928.30+117.93b 92 24.10+0.127
Toplam 426 12.92+0.055 418 663.97+39.44 426 23.89+0.077

* Ayni siitunda yer alan ve ayni harfi tagiyan degerler arasinda fark 6nemli degildir (p>0.05)

3.2. Mevsimin etkisi

Mevsime gore siit bilesenlerinden st yagi, siit proteini, sit kurumaddesi, SHS ve ortalama gunlik verimleri
arasinda (p<0.01) ve laktoz igerikleri bakimindan (p<0.05) istatistik dnemli fark oldugu gézlenmistir (Tablo 2).

Tablo 2. Shtlerin mevsime gore icerikleri

Table 2. Composition of raw milk acording to seasons

Laktasyon 0 Yag 0 Protein 0 Laktoz
Sirast (%) (%) (%)
P 0,001 0,001 0,05
Sonbahar 103 3.44+0.058b 105 3.17+0.030a 106 4.73+0.036b
Kis 97 3.66+0.050a 86 3.46+0.031c 95 4.59+0.037a
[Ikbahar 117 3.75+0.062a 112 3.26+0.033b 117 4.66+0.031ab
Yaz 106 3.72+0.048a 102 3.22+0.024ab 106 4.66+0.021ab
Toplam 423 3.65+0.028 405 3.27£0.016 424 4.66+0.016
Kurumadde SHS (¥1000 ort. Glinltik
Laktasyon n (%) n ad/ml) n Sut Verimi
Sirast (litre/giin)
P 0,01 0,001 0,001
Sonbahar 106 12.35+0.094a 102 575.81+63.97b 106 24.20+0.163a
Kis 97 12.94+b0.082 95 1003.88+83.53¢c 97 23.56+0.144b
[Ikbahar 117 13.50+0.103c 115 877.63+97.43c 117 23.56+0.120b
Yaz 106 12.83+0.123b 106 212.36+17.94a 106 24.25+0.174a
Toplam 426 12.92+0.055 418 663.97+39.44 426 23.89+0.077

*% Aymi siitunda yer alan ve aym harfi tasiyan degerler arasinda fark 6nemli degildir (p>0.05)
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Mevsime gore sitlerin en disiik sit yag icerigi sonbahar mevsiminde (3.44+0.058) ve en yiiksek yaz
mevsiminde (3.72+0.048) oldugu gozlenmistir. En yiiksek % protein ve % kurumadde igerikleri sirasiyla kig
mevsimi (3.464+0.031) ve ilkbahar mevsiminde (13.50+0.103) hayvanlardan elde edilen siitlerde oldugu
belirlenmistir. Mevsimlere gore siitlerin SHS igerikleri en yiiksekten en diislige sirastyla kig (1003.88+83.53),
ilkbahar (877.63+97.43), sonbahar (575.81+63.97) ve yaz (212.36+17.94) mevsimlerine ait oldugu gézlenmistir.
Ortalama giinliik siit verimleri degerlendirildigi yillik ortalamanin (23.89+0.077) oldugu goézlenmistir.
Aragtirmacilar en yiiksek SHS degerlerinin yaz aylarinda oldugunu bildirmislerdir (Goéncii, 2000; Goncu ve
Ozkiitiik, 2002; Eyduran ve ark., 2005; Ozdede, 2009; Gokce, 2011; Aytekin ve Boztepe, 2014).

Bu arastirmada ise mevsime gore siit SHS igerigi en diisiik ortalamalarin yaz mevsiminde oldugu gézlenmistir.
Ozdede (2009)’nin aktardigina goére Coban ve ark. (2007)’min yaptiklar1 calismada ineklerden kis mevsiminde
alman siitlerde, yaz mevsiminde alinan siitlere gore gore daha yiiksek somatik hiicre sayisina sahip olduklarimi
bildirmislerdir. Aragtirmada kis mevsimindeki SHS’ ndaki artigin hayvanlarin yazin meradan aldiklari epitelyum
koruyucu ozelligi olan vitamin A’y1 yeterince alamadiklarindan kaynakli olabilecegini bildirmislerdir. Belirtilen
sonuglar arastirma sonuglari ile uyum gostermektedir.

3.3. SHS ile siit bilesenleri arasindaki iliski

Laktasyon siras1 ve mevsime gore Siyah Alaca irkindan elde edilen siitlerdeki SHS igerigi ile siit verim ve
bilesenleri arasindaki iliskinin belirlenmesi i¢in hesaplanan korelasyon katsayilar1 agagidaki Tablo 3’te verilmistir.
Laktasyon sirasia gore birinci, ikinci, d¢uncu ve dordiincil laktasyon gruplarinda SHS ile sut yag orani arasindaki
iliski sirasiyla r=-0.14, r=-0.04, r=0.15 ve r=-0.12 olarak hesaplanmis olup iligkinin 6nemsiz oldugu gézlenmistir
(p>0.05). 3. Laktasyondaki hayvanlarda SHS ile sit protein orani arasindaki iligkinin pozitif yonlii (r=0.35) ve
6nemli oldugu gozlenmistir (p<0.01). SHS ile laktoz igerikleri arasindaki iligkinin tim gruplar i¢in 6nemli oldugu
gozlenmistir (p<0.01). SHS ile kurumadde arasindaki iliskinin diisiik diizeyde oldugu belirlenmistir (p>0.05). SHS
ile gunllk sut miktar1 arasinda tiim gruplarda negatif yonli bir iliski oldugu ve 2., 3. ve 4. laktasyonda ise bu
iligkinin 6nemli oldugu goézlenmistir (p<0.01).

Mevsime gore SHS ile siit yag orani arasindaki iligki yaz, sonbahar, kis ve ilkbahar i¢in sirastyla r=0.17, r=0.13,
r=-0.00 ve r=-0.13 olarak hesaplanmis olup iliskinin istatistiksel olarak 6nemsiz oldugu gézlenmistir (p>0.05).
Mevsime gore SHS ile st protein oranmi arasindaki iliski incelendiginde yaz (r=0.54) ve ilkbahar (r=0.32)
mevsimlerinde 6nemli bir iligski oldugu belirlenmistir (p<<0.01). SHS ile laktoz igerikleri arasindaki iligki tiim
laktasyonlar i¢in negatif yonlii ve 6nemli oldugu gozlenmistir (p<0.01). SHS ile kurumadde igerikleri arasinda yaz
(r=0.60) ve sonbahar (r=0.20) mevsimlerinde énemli bir iliski gdzlenmis iken (p<0.01), kis ve ilkbahar mevsimleri
icin negatif yonlii ve 6nemsiz oldugu gozlenmistir.

Somatik hiicre sayisi ile siit verimi arasindaki iligkinin belirlendigi bir ¢alismada r=0.023 diizeyinde diisiik
pozitif yonlii ve 6nemsiz oldugunu (Gokge, 2011), Schutz ve ark. (1990) SHS ile siit verimi arasinda negatif bir
iliski bulundugunu bildirmislerdir. Arastirma bulgulari ile bu arastirmanin bulgular1 arasinda benzerlik oldugu
gozlenmistir. Sahin ve ark. (2014) Anadolu Mandalarinda yaptiklar1 ¢alismada SHS ile yag, protein ve asitlik
arasindaki iliskinin pozitif yonde ve 6nemli oldugu bildirilmistir. Onal ve Ozder (2007) tank siitii SHS ile siit yag,
sUt protein, yagsiz kuru madde ve toplam bakteri igerigi arasindaki fenotipik korelasyon katsayilar1 sirasiyla
r=0.036, r=0.421, r=0.251, r=0.219 olarak belirlemistir (Onal, 2005).
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Tablo 3. Laktasyon Swrast ve Mevsime gire SHS ile Siit Verim ve Bilesenleri Arasindaki iligki

Table 3. Relationship between SCC and milk components according to lactation numbers and season

Ort. Gunluk Sut
Laktoz ~ Kurumadde

Yag (%)  Protein (%) Verimi

(%) (%) (litre/gun)

1 -0.14 0.32* -0.63** 0.06 -0.18
Laktasyon 2 -0.04 -0.01 -0.30** -0.01 -0.47**
Sirasi 3 0.15 0.39** -0.33** 0.17 -0.50**
4 -0.12 0.35** -0.45** 0.15 -0.26*

Yaz 0.17 0.54** -0.67** 0.60** -0.18
Mevsim Sonbahar 0.13 0.01 -0.20* 0.20* -0.42%*
Kis -0.00 0.04 -0.42** -0.14 -0.36**
Ilkbahar -0.13 0.32** -0.55** -0.07 -0.34**

**p<0.01 *P<0.05

4. Sonug

Arastirma sonucunda, laktasyon sirasi ve mevsime gore Siyah Alaca irk1 sigirlarda SHS ile siit verimi arasinda
genel olarak negatif yonlu bir iliski oldugu, bu iliskinin 1. laktasyon ve yaz mevsimi hari¢ diger tiim gruplarda énemli
diizeyde oldugu belirlenmistir. Cig stitlerin SHS icerikleri degerlendirildiginde 1. laktasyon grubu ile yaz mevsimi
gurubu hari¢ diger tiim gruplarda belirlenen SHS igerikleri Tiirk Gida Kodeksi (TGK) 2000/6 No’lu “Cig Siit ve Isil
Islem Gormiis Igme Siitleri” Tebligi’ne gore belirtilen esik degerin iizerinde oldugu gdzlenmis olup bu durumun da
6nemli bir kalite sorunu olarak 6ne ¢iktig1 s6ylenebilir. SHS diinyada ¢ig siit kalite kriteri olarak kullanilan en 6nemli
faktorlerden biridir. Ulkemiz de diinyaca kabul edilen ve olmasi gereken esik degerlerin yakalanabilmesi igin dncelikle
iireticilerin meme ve sagim hijyeni konularinda bilinglendirilmesi ve hijyen kurallarina uyulmasi gerektigi sdylenebilir.
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