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ARASTIRMA MAKALESI RESEARCH ARTICLE

Ramifications of Households Non-farm Income on Agricultural Productivity: Evidence
from Rural Area of Pakistan

Salamun RASHIDIN?, Sara JAVED?, Bin LiU?

Abstract

In Pakistan, agriculture sector currently contributes up to 28 percent to in GDP. Due to the development of modern
science and technology, rural household source of income is altering. Lots of research suggested that non-farm
income is the main source of income for rural area. This study investigates the effects of non-farm income on
agriculture productivity in Pakistan. The current research accumulated data from Pakistan Social and Living
Standards Measurement Survey (PSLM) 2014-15. Pakistan Federal Bauru of Statistics has developed its own
sampling frame for rural and urban areas. Researcher used the Heckman’s two-step procedure to tackle the problem
of endogeneity and selection bias. The first phase of probit regression coefficient indicates that the availability of
banks, motorable roads, forest, telecommunication substructure, montane grasslands and shrublands zone are
substantial to clarify the non-farm income. On the other hand, the second stage of OLS regression exhibited a
significant negative association between non-farm income and per-capita farm income.
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Agriculture sector of Pakistan accounts for 28 percent of the country’s GDP (GoP, 2015). Rural
household’s source of revenue is changing day by day. Lots of research suggested that non-farm income is the
main source of income for rural area (Ellis and Mdoe 2003).With the development of modern science
household income expansion is becoming prevalent in the rural civilizations and people from rural areas are
specialized on expanding household income. For this expansion, rural households earn extra income and
develop their wellbeing (Dimova and Sen, 2010). In the present situation, non-farm income holds the attention
of researchers to deepens their knowledge on this area and, in addition, on how and why households changed
their income situation. This research also contributes to the enumerating the segment of non-farm income from
the total income portfolio and also identifies the energetic factor to diversify exterior agriculture. This research
also inspects evenhandedness and food security insinuations. Notional enlightenment assures that there is pull
or push factor that changes the households (Ellis, 2000; Barrett et al., 2001). Contribution in non-farm income
accomplishments is also the consequence of push and pull factors, because of the definite contribution of
households in non-farm accomplishments relies on the incentive and capability to contribute and the existence
of entry barriers ((Reardon 1997).

These two conflicting forces regulate the influences of changing income sources. Most of the time,
push factor is innate and frantic reason for change. It includes income risk management, long-term restraints,
flattening household ingesting handling instruments (Ellis 2000; Barrett et al. 2001;Reardon et al. 2001). Lots
of research has been done on pull factor, it attracts the households to the non-farm sector where they get more
in return than farming. People of low income/ the poor are mostly interested in low risk rural non farming
service even they know they might have low returns (Reardon et al. 2001). Unemployment and poverty is the
main challenge for the policy makers in the existing developing nation. For the developing countries,
agriculture is the principal source of income for rural households. In Pakistan, agriculture is the main
contributor to the GDP, agriculturalists in Pakistan endure poverty. It’s true that agriculture in Pakistan depends
on rain fed (most of the provinces have water crisis, if not all) and farmers are not using modern tools for
farming; and most of them are uneducated. Consequently, production is inefficient and less produced with
limited resources. Most of the farmers don’t have their own bank account and insurance because financial
sectors and insurance companies consider this area to be of high risk due to droughts, high price for the output,
water crisis, problematic in crisis of electricity and the resultant unproductivity and low income generation in
this area during each and every production period. Non-farm options are not for everyone and agriculture alone
can’t support satisfactory livelihoods according to Gordon and Craig (2001). Basically non-farm income is
important for an off-season for rural areas because the main activities are farming. Pakistan Social and Living
Measurement Survey (PSLM) showed that 72 percent of rural households having income from non-farm
sources (De Janvry et al., 2005). This sector is making impact on employment and subsidiary on the livelihood
of farming households, yet how it distresses agricultural yield in Pakistan remains largely unknown. In this
study we will try to determine the impact of non-farm income of households on agricultural productivity in
rural areas of Pakistan by reckoning the influences of non-farm income on farm income.

Literature Review

In developing nations like Pakistan in which farming plays a crucial role in their economy, non-
farm economy as such is playing a significant role in household agriculture income system when we make
comparison in return (farm return vs. nonfarm return). For many years, Pakistan’s rural economy have relied
mostly on agriculture sector but its altering the situation is changing nowadays. Day by day income gaps are
emerging between incomes gained from non-farm household and farm households as stated by Chang and
Boisvert (2006). Most of the scholars found that in the rural areas percentage of poor people beats the ability
of agriculture to provide maximum job opportunities (Gordon and Craig 2001). According to Marsland, et al
(2000), lots of poor people are migrating from rural to urban areas but it is not certain if urban areas can secure
their jobs because they are not able to proceed with farming or agricultural activities in the urban areas. In rural
areas if farming is failed, then non-farm can be considered off seasonal complement economic source. But in
the rural areas intense labor is needed to manage the non-farm activities. It can also generate more risk (Gordon
and Craig; 2001). In most of the developing nations, non-farm income created 29-46 percent of rural household
income (Hazell, and Reardon;2005). According to Readon et al., (1998) 42 percent share of household from
non-farm household from Africa, 32% from Asia, 40 percent from Latin America. Reardon et. al., (1997) stated
that association amid nonfarm and farm sector can be studied by using nonfarm and farm linkages. Basically
farm/non-farm linkages are transactions that are financially being done by some time. In addition, there is a
peculiar linkage among production and expenditures with them. Basically, for the production linkage there are
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two variations: upwards and downwards. Upward production linkages are found in the non-farm sector when
agricultural output is used as input (Woldenhanna, 2000). On the other hand, non-farm accomplishments that
deliver input to agricultural production like agrochemicals, nourishments and pumps etc. to supply the Argo-
processing and delivery services non-farm sector is fortified to invest (Reardon et al., 1997; Davies et al., 2003).
Upward and downward production relations are mostly related with local agriculture (Reardon et al., 1997). It
would become vibrant if non-farm and farm expenditure can be possible when household earning and spending
is possible one sector to another. For example, if a farmer buys products related to non-farm, income would be
generated from farm accomplishments. Depletion linkages are made when expenditure is related to household
depletion. Farm income increases the demand for basic goods and services and results in divergent ways of
consumption (Woldenhanna, 2000). Superfluous returns from non-farm can be used in farm activities, and then
it will aid the agriculture production (Davies et al., 2003). Productivity and expenditure depends on the
circulation of the income. Most of the Pakistani agriculturists are very poor. The poor are mostly investing in
local goods and service but rich households are more likely to invest in urban and modern sectors. According
to Davies et al. (2003), if noteworthy external inputs are needed for agricultural invention, then it is predictable
that backward invention linkages will occur. Agricultural output requires dispensation before selling, therefore,
it induces forward production linkages. If growth in the agricultural sector is proficient to persuade rural income
growth, then depletion and potential investments will be superior by expenditure ties. Probable reaction on
struggle for labor and credit; on the other hand, positive impact of non-farm income on household flat is
suggested in the literature (Ellis; 1998). Time and space is explicit for net impression of nonfarm activities.
When market is experiencing scarcity then non-farm income affects agriculture production, the effects can be
direct or indirect. Indirect effects for non-farm show budget constraints and the pressure to buy bulk amount
of normal goods. Indirect effects are more complicated: security, higher amount of investment needed for farm
inputs, and so on. According to Reardon et al. (1994), it is an immense challenge for households if they jointly
want to work on non-farming and farming with inadequate resources, capital and labor force. Inadequate
resources need to be reorganized in order to contribute in non-farm activities and these results would inevitably
lead to the withdrawal of critical resources from the farming, if high returns from the non-farm activities are
secured. Meanwhile, agriculture investment will be risky and it will also obstruct the maintenance of
agricultural technologies (Reardon et al. 2001). High returns and productivity of non-farm activities grasp the
attention of resources on rural farm accomplishments (Reardon et al. 2001). The significance is that non-farm
activities can obstruct their own farm productivity by households (Ellis and Freeman; 2004). At this stage,
agriculture production will decline and so does farm income. It also obstructs the agricultural financial gain or
reconstruction (Ruben and van den Berg 2001). Both performance and significance relied on relative returns
to farm and non-farm activities. In a nutshell, the contribution of non-farm economic activities to rural
households will be influenced by plenty of factors that play a key role in decision-making. Attractive incentives
and labor resources are triggering point in the field of non-farm activities, but in farm sectors such opportunities
are missing. Some farm households are contributing to non-farm economy without any observation or motive.
Participation in non-farm activities provide livelihood opportunities for poor rural households, and it also plays
a pivotal role in development and in alleviating poverty if non-farm prospect be detained by the rural poor
households. Previous studies have shown evidences of non-farm affecting the agriculture production positively
or negatively, either boosting production or leading to reduction. Non-farm can also invest in farm sector to
increase production, or farm income can be invested in non-farm sector from which the profits made would be
later invested back in the agriculture sector.

Data

The current research collected data from Pakistan Social and Living Standards Measurement
Survey (PSLM) 2014-15. Pakistan Federal Bauru of Statistics has developed its own sampling frame for rural
and urban areas, up-dated in 2014-15. There is a comprehensive detail that is related to agriculture and non-
agriculture; even income generation and private income transmission or transmittal is covered. Each area is
split into enumeration blocks. Pakistan Social and Living Standards Measurement Survey (PSLM) 2014-15
representative sample 579 shows enumeration areas and 8687 households. It also covers 37128 members of
household. 5069 belonged to rural area from the 8687 households. This research uses questionnaire as data
collection instrument. It focuses on who operated farm and rural non-farm activities simultaneously; total urban
households were 4056 in the survey. Researcher considered data both of them where farm and non-farm income
activities in household.
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Theoretical Background

The model we used in our research is advocated by Huffman (1991); it shows the different activities
as well as non-farm work where farm households assign their time. This model is based on agriculture
household and its combined production of agriculture, consumption of household and also non-farm resolution
in a single framework. These are assessments made by households. Basically two kinds of activities are
considered in this research; farm work and non-farm work in household. Exploited utility functions implicitly

in household and it’s defined over consumption of goods Q and leisure, H, that is U =U (Q, H). Maximized
subject is utility to financial plan, invention, time and positive limit. The time limit is:

T =1L; + Ly +H; here T = total time used in farm and non-farm work respectively L1 & L, and H=
leisure as we mentioned before. Cash income of financial plan limit on household can be articulated as:

PQ=plyl ~WIL1+W2L2+R...ccovvieeie e e (i)
P= Price
W1 and W2 = Returns to farm and non-farm work

Yiand P1 = Farm output production and sold price for farm output in annually and R = income of non-
labor.

Farm work and non-farm work optional time portion and leisure (first order condition):

oU o U
_WI___=O
oL & A

For the farm and non-farm, work can be reshuffled from the first order condition such as:

(U /oL)
W=~
(6U 18Q)

Three accomplishments are household assign their time and labor supply functions for farm and non-
farm work can be derived as:

L=LW, W, py Py Z) (ii)

According to Huffman (1991), i belongs to household of positive number of non-farm house, As
noted by Huffman (1991), a constructive number of non-farm hours will be observed for household i , if the
W") (w;)

possible souk wage is larger than the reservation wage

L =1if w">w and L, =0if w" <w/

We cannot observe differential wages. Index function can be specified and i is an unobservable
variable
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L = fZ; +
L =1if >0
L=0if L <0

Here Z; - Vector Variable (Location effect the non-farm income) p = Chance disturbance period.
From the linear function we can start to analyze the impact of farm and non-farm income.

Y=L +a, X, +5L +¢, (V)

Here, Yi= income of the household farm, Li= variable, if non-farm income and zero else X;, = victor of
assets, personal or household physiognomies and location physiognomies, »= unidentified factors of vector
and &= Error.

Method of Empirical Estimation

From the agriculture household, non-farm income contribution impact can be projected by using
per capita income. Household engaged in agriculture production where it regulates the other factors as proxy.
Methodology supports that there is methodical variance between households engaged in agriculture production
and recognizable distinctiveness at household and community levels is apprehended by agriculture production.
For the estimation the Heckman (1979) two-step procedure was identified. In the non-farm work, farm
household participation decision needs to estimate so that a decision model will be identified. We will go
through two phases: the first stage is regression and the second is to select the model and then to recognize the
non-farm income impact on per capita farm income. For the selection equation this research uses Probit
equation. i=(observation) probability of household receives non-farm income; if household is getting non-
farm income then y;1=1; on the other side if it is not getting then y;=0. Function of the explanatory Z;researcher
estimates the probability if episode arises.

Normal c.d.f* for probit model then F:
Prob(yi :1):¢(ﬂzi) .................................. (vi)
Here @ is = cumulative density function and = vector of unknown perimeter.

0 and 1 always fall in desired property for the c.d.f. so we can write function;
PZi

(2,) = | ple)de i

B= Max likelihood.

Probit model is the empirical model and it is for household recipients. Non-farm income can be
estimated as :

y = /5, + Bagehd + f,agesq + Bieduchd; + B, hhsize + Siach + gitel + g,mkt + Bbnk + Bitr + B, ptrans + 3, elec + 3,ez0nes; +&;
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Here j= primary,

agesg= household age,

agesg’= square age of household;
educhd=Household Education;
hhsize= size of household;
ach= access to credit;

tel= telecommunication facility;
mkt=market;

bnk=bank;

tr= motorable road,;
ptrans=public transportation;
elec= electricity;

exons= ecological zone;

&= error.

Sample selection is needed for using equation number viii. Dependent variable is only experiential
for the constraints and non-aleatory sample so selection can be biased. Selection into nonfarm contribution
may not be random and here selection can be biased and therefore the opposite mills ratio would be projected
to deal with this probable problem. Inverse Mills ratio (Lambda) is another name to generate this selective term
where number viii equation is used and equation ix used for per capita for farm income but in the second stage
Heckman’s two step procedure is used to justify on the basis of previous substantiation for the existence of
self-section.

Potential Endogeneity Problem solving

Potential endogeneity problem solving is imperative for all studies. In fact, an independent variable
is related with model that is potentially a choice variable, correlated with impalpable consigned to the error
issue. In the dataset, the response variable for all the data points was keenly observed. It is true that non-farm
income effect on farm income have greater likelihood to face an endogeneity issue. Farm income can invest
for non-farm economy and non-farm income can be invested in the agriculture production simultaneously. On
the other hand, it will be working in two directions effect. To solve the endogeneity problem, equation ix is
projected where y= continuous variable for non-farm income to forecast value which is considered in the
equation, therefore OLS regression is second stage for per capita income equation.

y =, + Bagehd + B,agesq + Feduchd; + B,hhsize + Biach + Sitel + B,mkt + Abnk + Sotr + 3 ptrans + 3 elec + 5 ,ezones; + ¢,

.(ix)
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Estimate the Heckman Sample Selection

Non-farm income can be part of independent variables because impact of non-farm income on farm
income is projected within a linear regression framework through placing the forecast values for households.
Equation x shows the linear regression.

pay; = 4, + Aeduchd; + 4,hhsize + 4, fsize + A,vfinv + 4; fbo + Asezones; + 4, prdnfe + Aginvmills+ 4,

. X)

Here, i is household,;

ipay= agriculture income but per capita;
educhd;= Eduaction;

hhsize=household size;

fsize= farm area;

vfinv=value of farm investment;
fbo=farm base org;

£Z0Nes=economics zone;

prdnfe= non farm income of the predicated value and it’s intended with equation 9;
y= continuous variable;

Ji= parameters of coefficients;
invmills= inverse ratio in second stage;

u= distribution.

From the estimate the parameters of 39 can measure the influence of non-farm income on
household per capita agriculture income. According to Wooldridge, (2005), Inverse mills ratio is basically self-
selection term by won choice which make participation into certain programmes or behaviors that are not
casually determined. Wooldridge (2005) further explained that the term is mostly used when a binary indicator
of contribution might be systematically correlated with unnoticed factors. In our study, farmers were selected
by own choices and it can be non-farm addressee or others. But in Pakistan, those who select non-farm

addressee have relatively high income. Meanwhile A= not exogenous variable then equation (x) OLS method
will give inconsistent outcomes and biased estimates. To get the reliable result, the Hackman Sample Selection
Model (two procedure) by Heckman (1979) and Maddala (1983) is considered and used in this research. Then
sample selection is included and estimated. In this case equation 11 is already beyond explanation.
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yi"zﬂzi-f—lui, y'=1 if y">0.

, 0 otherwise ............. (x1)

Here, y"= non farm participation; Z= independent variable (Influence of participation of non-farm);
B= unidentified parameters; u= error as x(0,6?).

Probit model is equation xi. If household gets non-farm income then the participation estimate equals
to i, if not then 0 otherwise, regressed on the independent variables. Number xi equation shows that exogenous
variable is non-farm income and those who are receiving non-farm income in household are improving the
farm and also retreating the food status.

Experiential Outcomes and Discussion

This section provide the Explanatory statistics and demographic information of the respondents
[Table Al and A2] as well.

Table Al: Explanatory Statistics of Independent Variables for Econometric Analysis

Age of Household (Head) 4056 42.1987 16.1342 16 99

Age squared 4056 2040.979 1578.7940 256 9801
Household Size 4056 5.0483 3.0343 1 29

Log of Non-farm Income 4056 12.3335 2.1227 0 18.2886
Log of Agric Income 4056 13.7914 1.4036 6.2729 18.1425
Log of Farm Size 4056 1.6185 0.8071 0.1823 8.9227
Log of Val of Farm Invest 4056 12.3927 1.4286 7.6009 19.1727

Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

Table A2: Explanatory Statistics of Independent Resounding Variables for Econometric Analysis

Non-farm Income

Participate 3,433 84.64 84.64
Do not Participate 623 15.36 100
No Education

Yes 668 16.47 16.47
No 3,388 83.53 100
Basic Education

Yes 819 20.19 20.19
No 3,237 79.81 100
Secondary Education

Yes 594 14.64 14.64
No 3,462 85.36 100
Higher Education

Yes 2,798 68.98 68.98
No 1,258 31.02 100
Farmer-Based Org.

Member 635 15.66 15.66
Non-member 3,421 84.34 100
Auvailability of Bank

Available 260 6.41 6.41
Not Available 3,796 93.59 93.59
Auvailability of Telecom

Available 908 22.39 22.39
Not Available 3,148 77.61 100
Auvailability of Motorable Road

Available 3,201 78.92 78.92
Not Available 855 21.08 21.08
Auvailability of Market

Available 562 13.86 13.86
Not Available 3,494 86.14 100
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Access to Credit

Access 1,449
No Access 2,607
Available 2,424

35.72
64.28
59.76

35.72
100
59.76

Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

Table A2: Explanatory Statistics of Independent Resounding Variables for Econometric Analysis (Con’d)

Availability of Public Transport

Not Available 1,632
Availability of Electricity

Available 901
Not Available 3,155
Ecological Zones

Coastal

Yes 3329
No 727
Forest

Yes 2341
No 1715
Montane grasslands and shrublands zone

Yes 2442
No 1614

40.24
2221
77.79
82.08
17.92

57.72
42.28

60.21
39.79

100
22.21
100
82.08
100

57.72
100

60.21
100

Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

Also in this section, researcher discussed the explanation of probit regression result and also shows
the OLS regression model for non-farm income and per capita agriculture income correspondingly. Probit
regression model is projected the probability of a household being a non-farm income beneficiary while impact
of non-farm on agriculture income is projected by OLS regression model. Non-farm income received and per
capita agricultural yield is shown in Table A3 and A4 (below) from the probit estimation and Heckman

Selection model correspondingly.

Table A3: PE of Non-Farm Income Contribution Decision Assessment

Age of Head of Household 0.0031 0.0082 0.38 0.706
Age Squared 0.0000 0.0001 -0.21 0.831
No Education (Ref. Group)

Basic Education 0.0924 0.0811 1.14 0.255
Secondary Education 0.0106 0.0696 0.15 0.879
Higher Education 0.0205 0.0734 0.28 0.78
Household Size -0.0004 0.0083 -0.05 0.958
Access to Credit 0.0841 0.0519 1.62 0.105
Auvailability of Telecom -0.2342 0.1204 -1.95 0.052*
Availability of Market 0.0979 0.0784 1.25 0.212
Auvailability of Bank -0.2244 0.0944 -2.38 0.017**
Auvailability of Motorable Road 0.2305 0.0716 3.22 0.001***
Auvailability of Public Transport 0.0593 0.0649 0.91 0.361
Availability of Electricity 0.1417 0.1224 1.16 0.247
Coastal Zone (Ref. Group)

Forest Zone -0.1614 0.0714 -2.26 0.024**
Montane grasslands and Shrublands zone -0.2182 0.0712 -3.06 0.002**
Constant 0.8382 0.2057 4.08 0.000***
Number of Obs 4056

LR chi¥(15) 48.13

Prob > chi? 0.000

Pseudo R? 0.0138

***significant at 1% **significant at 5% *significant at 10%

Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

According to Nakosteen and Zimmer (1980), in the second stage of estimation procedure, multi-
collinearity issues will arise by inclusion of all predictor’s variables in both decision and equation of agriculture
income. Consequently, lots of things enclosed in regression in the non-farm income decision equation such as
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access to credit, telecommunication, bank, electricity, motorable roads and convenience of public
transportation. On the other hand, agriculture income equation is not added.

Table A4: Estimations of the OLS Model Variables (HS Model)

Non-Farm Income -0.0194 0.0091 -1.95 0.052*
Age of Head of Household 0.0126 0.0068 1.86 0.063*
Age Squared -0.0001 0.0001 -1.82 0.070*
No Education (Ref. Group)

Basic Education -0.0246 0.0662 -0.37 0.710
Secondary Education -0.1246 0.0574 -2.17 0.030**
Higher Education -0.0780 0.0595 -1.31 0.190
Household Size -0.1282 0.0071 -18.09 0.000***
Log of Farm Size 0.3644 0.0264 13.81 0.000***
Log of Value of Farm Invest 0.2658 0.0151 17.61 0.000***
Coastal Zone (Ref. Group)

Forrest Zone 0.1167 0.0563 2.07 0.038***
Montane grasslands and shrublands zone 0.0799 0.0569 1.41 0.160
Availability of Farmer-based Org. 0.0222 0.0551 0.40 0.688
Inverse Mills Ratio -0.0265 0.0449 -0.59 0.055*
Constant 10.2851 0.2402 42.83 0.000***
Number of Obs 4056

F (13,4042) 71.37

Prob > F 0.000

R-squared 0.1867

Adj R-squared 0.1841

***significantat 1%  **significant at 5% *significant at 10%
Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

Probit model Estimates

Most of the time, households rely on convenience of bank, motor road and telecommunication
frames. Estimation of Table A3 shows that there is chance to get the non-farm income of households. On the
other hand, it’s highly probable that telecommunication access will decrease with non-farm income as indicated
by negative coefficient of telecommunication frame variable. By having the same attitude in the bank sector
it’s also significantly negative. It is true that rural households pay higher concentration on their farm activities
until or unless they are not getting easy access to their consumers or customers in the urban centers to find their
yield. Banks are not interested to give credit to non-farm sector as compared to farm households sector and
have found a negative association with non-farm sector. According to GoP 2014, in Pakistan the daily wage of
labor is $2 and it clearly depicts the poverty. Due to poverty, large amount of rural households are deprived
from education and even food security as well. Most of the household members are illiterate and they don’t
have any access to structural sectors like roads, market, and communication. They can’t participate in economic
activities though non-farm directly. Non-farm household participation is increasing with the passage of time
due to the availability of motorable roads. It gives the sign of development as road is going to construct rapidly
later non-farm and entrepreneur can participate enthusiastically.In Pakistan, coastal zone and forest zone gives
a signal of positive sign. Moreover, montane grasslands and shrublands zone coefficients are significantly
positive. By making comparison between farm household in coastal zone and other provinces we came to know
that farm household may be highly appreciated to reduce non-farm income by GH¢0.1614 and montane
grasslands and shrublands zone also appreciated to reduce non-farm income by GH¢0.2182. According to
World Wildlife Fund, ed. (2001), the outcomes are not affirmed that montane grasslands and shrublands zone
would participate more in non-farm income accomplishments. They showed that forest and coastal zone
farmhouses would like to actively participate in non-farm income but in the mean time they also shows farm
houses in forest zone are less interested to join non-farm income accomplishments. Non-farm income
contribution is the first stage of Heckmen’s two-stage model, which grasps the drivers of participation by
employing binary probit equation in Table A3. Table A4 shows the “outcomes equation” and “per capita farm
income” and Mills Ratio (Lambda) used to generate selectivity tenure for contribution equation.
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Impact on Agricultural Productivity from Non-farm Income

Table A4 is showing the regression output of Impact on Agricultural Productivity from Non-farm
Income. Lots of literature strongly support that income spawned from non-farm cradles decrease/increase
agriculture income. According to Pakistan Social and Living Standards Measurement Survey (PSLM) 2014-
15 and Pakistan Federal Bauru of Statistics data, women are minor dominated in professional industry sector.
Meanwhile, women can’t withstand the farm. Most of the time, they switch from farm sector to non-farm sector
eventually. Henceforth, rising income accumulate to this sector. In the meantime, it’s not that men are inferior
in the professional industry sector. To solve the endogeneity problem of non-farm income Ordinary Least
Squares is projected in this research. Researcher also used Heckman modal is also used as exogenous variable
from the projected values. Table A5 shows the findings of regression.

Table-A5: Ordinary least squares Regression of Non-farm Income and other Descriptive Variables

Variable Coefficent t-stat0 p-value
Age of Household (Head) 0.0178 0.0109 1.64 0.102
Age squared -0.0001 0.0001 -1.26 0.206
No Education (Ref.Group)
Basic Education -0.0818 0.1064 -0.77 0.442
Secondary Education 0.0375 0.0927 0.4 0.686
Higher Education -0.5465 0.0973 -5.62 0.000***
Household Size -0.0926 0.0112 -8.3 0.000***
Access to Credit 0.6071 0.0683 8.89 0.000***
Auvailability of Telecom 0.1607 0.1575 1.02 0.308
Auvailability of Market 0.0833 0.1006 0.83 0.408
Auvailability of Bank 0.0368 0.1337 0.28 0.783
Auvailability of Motorable Road 0.0165 0.0985 0.17 0.867
Auvailability of Public Transport 0.4046 0.0849 4.76 0.000***
Auvailability of Electricity -0.0561 0.1579 -0.36 0.722
Coastal Zone(Ref.Group)
Forrest Zone 0.1012 0.0910 111 0.266
Montane grasslands and shrublands zone -0.0532 0.0914 -0.58 0.561
Constant 12.1941 0.2737 44.55 0.000***
Number of Obs 4056
F(15,4040) 24.01
Prob>F 0.000
R-squared 0.0818
Adj R-squared 0.0784

***significant at 1% **significant at 5% *significant at 10%

Data: Social and Living Standards Measurement Survey (PSLM) 2014-15; Author Calculation

Table A4 mentioned that per capita non-farm income is negative and significant at level 10%. It designates
farm income per capita decreased by GH¢0.0222 and boost the non-farm income per capita by GH¢1. According
to Godwin and Mishra (2004) argument, day by day non-farm work participation is reducing on the farm and also
reducing the agricultural production. So research findings also support this argument. Correspondingly, Lisa
Pfeiffer; Alejandro Lopez-Feldman; J. Edward Taylor (2009) fix up the same result on their studies that agriculture
sector continually brings negative effect on non-farm sector and thus decreasing the labor supply to the farm. For
the effect of non-farm income on household per capita farm income, Heckman’s two-stage procedure also suggests
OLP. Coefficient of the selective variable is significantly negative. There are lots of comments on that. This
research selects Heckman Selectivity model supported by the statistical significance of the coefficients. Negative

coefficient recommends the existence of unnoticed variables having different effect on non-farm income
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contribution decision and farm income. The age of head household coefficient is significantly positive at 10 %

level and it shows how it gains importance in farm sector.

We get to know from the output (positive coefficient) that the age of the household head per capita farm income
rise by GH¢0.01 for the apiece additional increase. Nonlinear relationship between age and per capita farm income
is suggested by age square of negative and significant coefficient and its U shape relationship. It also suggests that
farm household head of young age does not participate in non-farm agriculture sector, but household head of old
age are coming in non-farm work sector, because most of the households think that they can do hard work and will
get weaker. According to Sumner 1982; Abdulai and Delgado 1999, this study is unreliable and they got their
previous studies result that as young farm household members increase in age, they tend to participate more in off-
farm work but in their older ages, they work more on-farm. In the reference category there is no education in the
section of education variable. GH¢0.1246 is decreased per-capita farm income with secondary education and farm
household heard. So, those who are getting secondary education have negative consequence on per capita farm
income for every farm household. This is also helpful in expanding the involvement of non-farm work and
cordially decreasing the involvement of farm work. Similarly, Lanjouw (1999) found that those who are in high
education sector and playing great role in economic income sector have positive impact on their income but at the
end they are showing negative consequences on agricultural sector. According to Islam, Nurul. (1997); the
associated development is consistent with some aspects but the opposing view is that secondary education makes
entrepreneurial spirit. So, for this reason, agriculture productivity income level of farm household sectors increases.
On the other hand, primary education improves labor productivity. p-value less than 1% for household size and it
has negative impact on per capita agriculture income. Researcher has concluded from the result that household
size rising by agricultural individual per capita income decline by GH¢0.13. The accredited fact is that the aged
and adolescents are not active, and that they cannot do hard work in farm sector. Greater households make more
aged and adolescents group. They make lower value of per capital output in agriculture sector. Researcher can
discuss in different ways, farm household are younger and school aged so they can’t participate actively in this
area for income generation. This is the negative effect. According to Delgado,(1998), the married poor raises more
children because they think that it promises care in their old age and provides more labor support in household.
Most of the farm household children need more time to take care of their elderly parents, so it decrease the chance
of extra per-capita income. That’s why low-income household are in tension to make additional reinvestment. Lots
of opportunities for large size farm such as diversification. They can do both perpetual and dumpy period squashy
crops. This notion has always helped the farm household. It’s extremely true that large farm size anticipate higher
amounts of agricultural per capita income in all fields. Table shows that log of farm size is significant at 1%. There
is a positive impact on per capita agriculture income in household. Evidence supports that if farm size increase
then per acres household agricultural income rises by GH¢0.3644. Large farm size household is more productive
for farm land, so it’s easy to spawn higher per capita income in agricultural sector. The highlighted fact and result
is that agricultural primary input is land. Log of value of farm investment (coefficient of the variable) is positive
at 1% significant level. It is suggested that if log of the value of farm investment rise per unit then farm income
per capita rises by GH¢0.2658. So it’s proved that more investment means more per capita income and more
agriculture productivity. But this result is not consistent with Lien’s (2010) findings that more investment in farm

sector decreases the per capita income in farm sector. Montane grasslands and shrublands zone have positive
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coefficient with forest zone but Montane grasslands and shrublands zone are not significant. Forest zone farm
house can increase the per capita income in farm sector by GH¢0.1167 and significantly positive coefficient of
forest zone is in comparison with coastal zone farm household. According to Seini (2002), this result makes sure

that climate and geographical conditions have big impact on agricultural production, it can be positive or negative.

Recommendations

Pakistan is a developing country and rural nonfarm income is crucial for sustainable economic
development of Pakistan. Indeed, non-farm participation development compromise on the production of
agriculture and bulling the food security. In Pakistan, cross sectional data shows that in rural Pakistan,
agriculture production is going to reduce the participation of nonfarm activities. Islamic republic of Pakistan
knows that they need to boost the sustainable agriculture production. It’s highly alarming that an increasing
number of population and a lack of food supply would be import oriented which will have an impact on the
entire economy. So, to fill up the augmented demand there is a need to take long-term initiatives for sustainable
agriculture production. To makes the sustainable agriculture productivity, growth needs greater attention on
farm by SMEs, men and women both. For the Islamic countries, norms, culture and values system are entirely
different from western countries. There is a huge restriction for women to actively participate in agriculture
sector equally but they provide tremendous support in the household. According to Samaa Tv (2017), report
on population ratio in Pakistan is 105 men for 100 women in Pakistan. So, without active participation of
woman no nation can develop in any sector.

Agriculture sector is uncertain for households, so most of the time the households prefer to invest in
nonfarm sector which is less uncertain. However, these two sectors are competitive. The current research
findings are consistent with previous studies and recommend that a need policy is required for agriculture
unswervingly. For instance, financial institutes need to support the agricultural production, training institutes
will need to help to give training on how farmer can become self-sustainer. Moreover, educational institute can
play a pivotal role in agriculture sector. It is evident from the findings, there is a dire need to improve and re-
emphasize the school level education, including the agriculture related topics at the school level so that the
student will be encouraged to do higher education on the agriculture sector. Ministry of Education in Pakistan
can take another initiative to include agricultural science topics in elementary education sector. More new
agricultural institutes need to be established with modern tech facility, availability tools, and research funds
for to sustain researchers or to upgrade the existing ones with advanced technologies. Instructors must be
skillful and get extensive knowledge through proper training and development. Last but not the least, nonfarm
is rapidly growing and have a prosperous ground in Pakistan. It should not be promoted at the threat of
agriculture since these two sectors are not considered supplementary to each other as in rural Pakistan, nonfarm
participations is slightly reducing farm income.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kaplanmis Yonca (Medicago sativa L.) Tohumlarmin Kuraklik Stresi Kosullarinda Cimlenme

Ozelliklerinin Belirlenmesi

Determination of Germination Characteristics of Covered Alfalfa (Medicago sativa L.) Seeds in Drought
Stress Conditions

Teslime BICAKCI?, El¢in AKSU?, Mehmet ARSLAN'*

Oz

Yonca diinyanin ve Tiirkiye’nin kurak ve yar1 kurak bolgelerinde yetistirilen, otu proteince zengin bir yem
bitkisidir. Bu ¢alismada, ¢cimlenme ve erken fide gelisimi doneminde gevresel kosullara ¢cok hassas olan yonca
tohumlarinin ¢imlenme 6zelliklerinin gelistirilmesi amaglanmistir. Bu amagla Nimet yonca ¢esidinin tohumlari
Panoramix adli tohum kaplama preparati ile kaplanmis ve kuraklik stresi kosullarinda ¢imlendirilmistir. Denemede
Panoramix 2 L/1000 kg tohum ve 4 L/1000 kg tohum olmak iizere 2 doz uygulanmistir. Laboratuvarda yiiriitiilen
calisma, tesadiif parselleri deneme desenine gore 4 tekerriirlii olarak petri kutularinda gergeklestirilmistir. Her
petriye 50 tohum yerlestirilmis olup; petriler %70 nem, 20°C sicaklik, 14 saat 1s1kl1 ve 10 saat karanlik olacak
sekilde ayarlanmig iklimlendirme kabininde bekletilmistir. Kuraklik stresi ise 0, -2, -4, -6, -8 ve -9.8 bar olacak
sekilde Polyethylene glycol-6000 (PEG-6000) ile olusturulmustur. Sera denemesi, 3 tekerriirlii olarak, %50 kum
+ %350 toprak karigimi ile doldurulan plastik saksilarda (1.5 L) yiirtitiilmiis ve 4 farkl kuraklik stresi [0 (TO), %25
(T1), %50 (T2), %75 (T3)] uygulanmistir. Denemenin sonunda, ¢imlenme orani, kok¢iik yas ve kuru agirhigi,
sapeik yas ve kuru agirligi belirlenmistir. Sonugta, tohum kaplama uygulamalarinin yonca tohumlarinin kuraklik
stresi kosullarinda ¢imlenme 6zelliklerine olumlu katki yaptigi belirlenmistir.

Anahtar kelimeler: Medicago sativa L., tohum kaplama, kuraklik, ¢imlenme 6zellikleri

Abstract

Alfalfa (Medicago sativa L.) is an essential hay product and a protein-rich forage crop which grow in arid and semi
arid regions of the world. In this study, to improve the germination properties of alfalfa seeds, which are sensitive
to environmental conditions during germination and early seedling development was aimed. For this purpose,
seeds of Nimet alfalfa variety were covered with seed coating preparation, named Panoramix and germinated under
drought stress conditions. Panoramix was applied in two concentrations; zero (control), 2 liters 1000 kg of seeds-
1 and 4 liters 1000 kg of seeds-1. A laboratory germination experiment was conducted in randomized parcel design
with 4 repetitions. Six different drought stress levels (0, -2, -4, -6, -8 ve -9.8 bar) were handled in this study and
were used Polyethylene glycol-6000 (PEG-6000) to create of drought stress at different levels. Panoramix was
applied in 3 doses, as 0 doses (control), 2 liters / 1000 kg seeds and 4 liters/1000 kg seeds respectively. 50 seeds
was laid in each petri dish and placed in germination cabinet (70% humidity, 20 °C temperature 14 hours light
(2000 lux) 10 hours darkness). A greenhouse emergence test was performed using plastic pots filled with a mixture
50% soil + 50% sand. Four different drought stresses [0 (T0), %25 (T1), %50 (T2), %75 (T3)] were applied to
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the pots. At the end of the both experiments, germination rate was calculated and the fresh and dry weight of the
shoots and roots, length of shoots and roots were determined. The results indicated that the coating treatmens
positive contributied to the germination properties of alfalfa seeds under drought stress conditions.

Keywords: Medicago sativa L., seed coating, drought, germination characteristics
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Extendent Summary

Alfalfa (Medicago sativa L.) is an essential hay product and a protein-rich forage crop which grow in
arid and semi-arid regions of the world. The problem of water deficit, extrem. e temperatures and low
atmospheric humidity cause drought which limits the maximum yield and performance of the plants. Because,
germination, early seedling development and flowering periods are the most sensitive to drought. This study
was carried out to improve the germination properties of alfalfa seeds, which are sensitive to environmental
conditions during germination and early seedling development. For this purpose, seeds of alfalfa (Nimet) were
covered with seed coating preparation, named Panoramix and germinated under drought stress conditions.
Panoramix was applied in 2 concentrations; zero (control), 2 L/1000 kg of seeds and 4 L/1000 kg of seeds. A
laboratory germination experiment was conducted in randomized parcel design with 4 repetitions. Six different
drought stress levels (0, -2, -4, -6, -8 ve -9.8 bar) were handled in this study and were used Polyethylene glycol-
6000 (PEG-6000) to create of drought stress at different levels. 50 seeds was laid in each petri dish and placed
in germination cabinet (70% humidity, 20 °C temperature 14 hours light (2000 lux) 10 hours darkness). A
greenhouse emergence test was performed using plastic pots (1.5 L) filled with a mixture 50% soil + 50% sand.
Four different drought stresses [0 (T0), %25 (T1), %50 (T2), %75 (T3)] were applied to the pots. At the end
of the both experiments, germination rate was calculated and the fresh and dry weight of the shoots and roots,
length of shoots and roots were determined. With the increase in the severity of drought stress, the germination,
emergence and early seedling growth characteristics of alfalfa seeds were decreased. The results indicated that
the coating treatmens positive contributied to the germination properties of alfalfa seeds under drought stress
conditions.
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Yonca, degerli yem bitkilerini i¢ine alan genis bir cins olup 60 kadar tiirii barindirmaktadir (Rashmi
ve ark., 1997). Diinya’da en fazla tarim1 yapilan baklagil yem bitkileri igerisinde yer alan yonca, diger yem
bitkilerine nazaran daha yiiksek bir yem degerine sahiptir (Yiiksel ve ark., 2016). Yoncanin yesil ve kuru otu
vitamin ve protein bakimindan zengin olup hayvanlar i¢in lezzetli ve besleyicidir (Demiroglu ve ark., 2008).
Yesil yem, kuru ot ve silaj olarak degerlendirilebilen yoncadan otlatmak suretiyle de yararlanilmaktadir. Esas
olarak biiyiikbag hayvan yemi olan yonca, proteince eksik olan yemlerin bu eksikligini gidermek amaciyla
kullanilmaktadir (Avcioglu ve ark., 2009). Yonca topragi en ekonomik sekilde degerlendiren yem bitkilerinden
oldugu i¢in, bigimlerden yeniden ve kuvvetli sekilde yeni siirgiin gelistirme 6zelligine sahiptir (Ingram ve
Bartles, 1996). Ornegin, Giiney ve Giineydogu bolgelerimizde yonca 1 yilda ortalama 7-8 defa
bigilebilmektedir (A¢ikgdz, 2001). Bunun yaninda bugdaygil yem bitkileri ile iyi bir karisim olusturdugu igin
hayvanlar agisindan daha yararli bir kaba yem olmaktadir (Pecetti ve ark., 2008).

Bitkilerin maruz kaldiklart kuraklik, tuzluluk, yiiksek veya diisiik sicaklik gibi 6nemli abiyotik stres
faktorleri tarimsal {iretimde verim kayiplarina neden olmaktadir (Janmohammadi ve ark., 2008). Bunlardan
kuraklik, genel anlamda meteorolojik bir kavram olarak topragin igerdigi su ile bitkilerin gelismelerinde dnemli
oranda azalmaya sebep olabilecek yagis olmadan gecen donemi ifade etmektedir (Ors ve Ekinci, 2015). Bu
yagissiz donemde kurakligin olusmasi; topragin su tutma kapasitesi ve bitkiler tarafindan gergeklestirilen
evapo-transpirasyon hizi ve miktarina bagh olarak meydana gelmektedir (Kalefetoglu ve Ekmekgi, 2005).
Kuraklik diinya genelinde tarimsal amagli kullanilan alanlarin yaklagik %26’1nda etkili olmaktadir. Bu agidan
bakildig1 zaman, kurakligin en biiyiik ¢evresel stres faktorlerinden birisi oldugu sdylenebilir (Blum, 1986;
Kalefetoglu ve Ekmekgi, 2005). Su kisithiligi sorunu, ekstrem sicakliklar ve diisiik atmosferik nem ile bitki
verimi ve performansini en fazla siirlandiran kurakliga neden olmaktadir (Mostafavi, 2011). Bitki tiirlerine
gore degismekle birlikte, ¢imlenme, erken fide gelisimi ve ¢igeklenme donemleri kurakliga en hassas
donemlerdir (Ahmadi ve ark., 2009).

Bu tarz stres faktorlerine karst miicadele amaciyla geleneksel 1slah yontemleri, biyoteknolojik
uygulamalar ve molekiiler destekli seleksiyon teknolojilerin yardimiyla dayanikli/toleransli tiir ve ¢esitlerin
gelistirilmesi en akilci ¢6ziim olarak goriilmektedir (Samancioglu ve Yildirim, 2015). Ancak bu yontem ve
uygulamalarin yiiksek maliyetli olmasi ve uzun zaman almasindan dolay:r daha pratik ¢oziimler {izerinde
durulmaktadir. Bugiinlerde, stres kosullarinda yetistirilen bitkilere tolerans kazandirmak ve ¢imlenme ve erken
fide gelisme donemini garantiye almak admna bir¢ok etken madde ile tohumlar kaplanmaktadir (Kaufman,
1991).

Tohum kaplamanin temel amaci tohumun orijinal haline gére daha biiyiik, yuvarlak, yumusak, agir
ve uniform bir hale gelmesini saglamaktir (Valdes ve Bradford, 1987). Kaplanmig tohum bir¢ok ekim makinesi
ile istenilen sira arast mesafe ile derinlige ekilebilir (Kaufman, 1991). Bunun yaninda kaplama yontemi ile
tohumun ¢imlenme performansini arttiracak veya g¢imlenme ve fide doneminde hastalik ve zararlilarla
miicadele materyallerinin tasinmasina olanak saglanmaktadir (Taylor ve ark., 1998). Bu amagla rhizobacteria
grubu bakterilerin biokontrol amagli tohumlara kaplama yoluyla taginmasi uygun tekniklerden birisidir (Deaker
ve ark., 2004; Junges ve ark., 2013; Vavrina ve McGovern, 1990).

Bu calismada, tohum kaplama uygulamalarmin kuraklik stresi kosullarinda ¢imlendirilen yonca
tohumlarinin ¢imlenme, ¢ikis ve erken fide geligimi iizerine etkileri arastirilmistir.

Materyal ve Metod

Materyal

Bu aragtirma Akdeniz Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimiinde laboratuvar ve sera
kosullarinda gergeklestirilmistir. Denemede bitkisel materyal Nimet yonca g¢esidinin hasat sonrasi hicbir iglem
gdrmemis tohumlar1 kullanilmistir. Kaplama materyali olarak ise, yeni nesil bir tohum kaplama preparati olan
ve Trichoderma harzianum, Bacillus subtilis ve Bacillus megaterium iceren Panoramix tercih edilmistir.
Panoramix, Koppert Biological Systems firmasindan temin edilmistir.

Yontem

Bu arastirma; laboratuar kosullarinda ¢imlendirme denemeleri ve sera kosullarinda saks1 denemeleri
seklinde planlanmigtir. Panoramix tohumlara 2 L./1000 kg tohum (Kaplama 1) ve 4 L/1000 kg tohum (Kaplama
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2) olacak sekilde 2 doz uygulanmistir. Ayrica 0 doz uygulamasi ile de kontrol denemeleri olusturulmustur.
Tohumlar Panoramix laboratuar ortaminda karistirilarak kaplanmaistir.

Laboratuar Denemesi: tesadiif parselleri deneme deseninde 4 tekerriirlii olarak yiiriitiilmustiir.
Tohumlarm ¢imlenme dénemlerinde kuraklik stresine tepkilerini incelemek amaciyla 6 farkli kuraklik seviyesi
belirlenmistir. Bu kuraklik stresi seviyelerini olusturmak amaciyla PEG-6000 ile 0, -2, -4, -6, -8 ve -9.8 bar su
tutma giiciine sahip soliisyonlar kullanilmistir. Her bir kuraklik seviyesine ait ozmotik potansiyeller Michel ve
Kaufmann (1973)’nin 6nerdigi sekilde ayarlanmistir. Polietilen glikol (PEG), yiiksek molekiil agirlikli bir
madde olup su alimimi diizenleyerek, ortamda su stresi olusturmaktadir. Bununla birlikte PEG-6000 bitki
koklerince alinmamakta ve bitkilere herhangi bir toksik etki olusturmamaktadir. PEG-6000 ile hazirlanan
¢Ozeltinin oksijeninin zamanla azalmasi nedeniyle ¢imlendirme ortaminin kagitlar1 Carpici ve Erdel (2015)’in
onerdigi sekilde 3-4 giinde bir degistirilmistir.

Kuraklik testinde toplam 72 adet 15 cm ¢apinda petri kab1 kullanilmistir. Kaplanmig yonca tohumlari,
icerisinde ¢ift katli ¢imlendirme kagitlar1 bulunan petri kaplarina 50 adet olacak sekilde yerlestirilmistir. Cift
katli ¢imlendirme kagitlar1 arasinda yerlestirilen tohumlarin tizerine 10 ml farkli PEG6000 yogunluklarmi
iceren soliisyonlar dokiilerek ve ardindan buharlagmay1 engellemek i¢in petri kaplarinin etrafi parafilm ile
sartlmistir. Bu islemlerden sonra petriler 10 saat karanlik, 14 saat aydinlik kosullara sahip, 20+1 °C sicakliga
ayarlanmis ¢imlendirme kabinlerine konulmustur. Petriler burada 10 giin boyunca tutulmusg ve sonrasi agilan
petrilerde gerekli gozlemler alinmistir (Sehirali, 1997; Castroluna ve ark., 2014).

Laboratuar Denemesinde Yapilan Gozlem ve Ol¢iimler: Denemede her giin ayn1 saatte gozlemler
yapilmig ve Soltani ve ark. (2012)’nin bildirdigi gibi kdk¢iik uzunlugu 2 mm’yi gecen tohumlar ¢imlenmis
olarak kabul edilmistir. 10. giiniin sonunda toplam ¢imlenen tohumlar sayilarak c¢imlenme yiizdesi (%)
belirlenmistir (Scott ve ark., 1984). Ayrica, ¢cimlenmenin 10. giiniinde her bir petri kabindan 10 siirgiin 6rnek
olarak alinmig ve bu 6rneklerde sap¢ik ve kdkeiik uzunluklari ve yas agirliklar: 6l¢lilmiistiir. Daha sonra, sapgik
ve kokgtikler 70 °C sicaklikta 6 saat kurutulduktan sonra tartilarak kuru agirliklar: belirlenmistir (Abdul-Baki
ve Anderson, 1970).

Sera Denemesi: Sera kosullarindaki saks: denemesi, kaplama uygulamalar1 ana parselleri, kuraklik
stresleri alt parselleri olusturacak sekilde iki faktorli ve ti¢ tekerriirlii boliinmiis parseller deneme deseninde
kurulmustur. Sera denemesinde yikanarak steril edilmis 1500 ml hacimli saksilar kullanilmistir. Saksilar %50
toprak+%50 kum olacak sekilde hazirlanan karisimlar ile doldurulmustur. Toplam 36 (3x4x3) saks1 kuraklik
denemesi i¢in hazirlanmistir. Denemede kullanilan toprak+kum karisiminin kimyasal ve fiziksel 6zellikleri
Tablo 1 de, sulama suyunun kimyasal 6zellikleri ise Tablo 2 de verilmistir.

Tablo 1. Saksilarda kullanilan toprak+kum karisimimin kimyasal ve fiziksel 6zellikleri
Table 1. Chemical and physical properties of soil + sand mixture used in pots

pH 7.7 Hafif alkali
Kireg, % 275 Fazla kiregli
Organik madde, % 0.64 Cok az
Toplam Azot, % 0.080 Az

Fosfor, kg P,Os da* 2.25 Az
Potasyum, kg K,O da* 20.9 Az
Kalsiyum, kg CaO da* 1428.4 Fazla
Magnezyum, kg MgO da’* 84.2 Yeterli
Demir, ppm 221 Az
Mangan, ppm 4.01 Yeterli
Cinko, ppm 0.38 Az

Bakir, ppm 0.73 Yeterli
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Tablo 2. Sulama suyunun kimyasal 6zellikleri

Table 2. Chemical properties of irrigation water

pH 7.0

EC,dSm? 0.74
K+, meL? 0.05
Ca*, meL? 5.59
Mg?*, me L 131
Na*, me L 0.90
Cl,meL? 15

Sodyum  Adsorpsiyon Orani, 0.484
SAR, (me LH)¥2

Denemenin yiiriitiildigii giinler i¢in kaydedilen sicak ve nem degerleri Tablo 3 de sunulmustur.

Tablo 3. Denemenin yiiriitiildiigii giinlere ait sicaklik ve nem degerleri
Table 3. Temperature and humidity values of days of the experiment

Minimum Maximum Minimum Maximum
28.12.2017 9.1 325 13 75
29.12.2017 9.0 345 12 78
30.12.2017 8.5 35.0 11 80
31.12.2017 8.7 33.0 12 77
01.01.2018 7.2 34.0 11 78
02.01.2018 7.0 332 12 65
03.01.2018 7.1 334 12 7
04.01.2018 111 211 56 64
05.01.2018 9.6 285 23 73
06.01.2018 7.5 320 18 70
07.01.2018 6.8 33.0 15 69
08.01.2018 6.5 333 12 68
09.01.2018 74 30.9 20 68
10.01.2018 8.3 30.6 22 69
11.01.2018 13.3 26.7 31 69
12.01.2018 11.2 26.1 31 79
13.01.2018 10.5 215 18 78
14.01.2018 9.8 28.9 15 77
15.01.2018 7.3 324 14 79
16.01.2018 8.9 339 12 63
17.01.2018 7.9 318 20 69
18.01.2018 11.3 316 18 70
19.01.2018 7.8 29.2 18 58
20.01.2018 8.2 284 20 62
21.01.2018 11.3 18.5 52 69
22.01.2018 125 15.7 61 71
23.01.2018 115 225 35 70
24.01.2018 10.8 339 12 37
25.01.2018 84 313 14 33
26.01.2018 8.3 17.3 25 32
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Kaplanmis yonca tohumlarinin ¢imlenme ve fide ¢ikis asamasinda kurakliga toleranslarint 6lgmek
amaciyla dnceden hazirlanmig olan her saksiya 20 adet yonca tohumu gelecek sekilde ekimler yapilmustir.
Daha sonra biitiin saksilar tarla kapasitesinin %75’ine kadar kuyu suyu ile sulanmistir. Kuraklik stresi yaratmak
icin [TO (0), T1 (%25), T2 (%50), T3 (%75)] icin 4 doz sulama rejimi belirlenmistir. Kontrol saksilarina bu
asamadan sonra hi¢ su verilmemistir. Diger saksilara ise yapilan tartimlar sonucunda kaybettikleri su
belirlenerek ve secilen sulama rejimlerine uygun miktarlarda su verilmistir.

Sera Denemesinde Yapilan Gozlem ve Ol¢iimler: Denemede her giin ayn1 saatte gdzlemler yapilmis
ve Asc1 ve Uney (2016)’in bildirdigi gibi sapgiklar: toprak iizerinde goriilen tohumlar ¢ikis saglamis olarak
kabul edilmistir. Saks1 denemeleri toplam 28 giin slirmiistiir. Deneme sonunda her bir saksidan 5 fide 6rnek
olarak alinmis ve bu 6rneklerde sap¢ik ve kokeiik uzunluklar1 ve yas agirliklart 6lgiilmiistiir. Ayrica, sapgik ve
kokgtikler 70 °C sicaklikta 6 saat kurutulduktan sonra tartilarak kuru agirliklar1 belirlenmistir (Abdul-Baki ve
Anderson, 1970).

Deneme sonucu elde edilen veriler; deneme desenlerine uygun olarak varyans analizine tabi tutulmus
ve ortalamalar %5 6nem seviyesinde Duncan testine gore karsilastirilmistir. Bu amagla SPSS paket programi
kullanilmstir.

Bulgular
Laboratuvar Denemesi

Kaplanmis yonca tohumlar1 PEG-6000 ile olusturulan kuraklik stresi kosullarinda ¢imlenmeye
brrakilmigtir. 10 gilinliik ¢imlenme siiresi sonunda agilan petrilerde yapilan gézlemlerde 0 (kontrol), -2, -4, ve
-6 bar su tutma basinglari ile olusturulan kuraklik stresi kosullarinda ¢imlenme gergeklesirken, -8 ve -9.8 bar
basing sartlarinda ¢imlenme olay1 ger¢eklesmemistir. (Sonuglar incelendiginde, kaplama uygulamasinin
incelenen 6zellikler agisindan sapgik kuru agirlign (P<0.01) disindaki diger ozelliklerde istatistiksel anlamda
O6nemli bir fark yaratmadigi goriilmektedir (Tablo 4). Bununla beraber, kuraklik uygulamalari ¢imlenme orani,
kokgiik uzunlugu, sapgik uzunlugu, sapgik yas agirligi ve sapgik kuru agirhigr 6zelliklerinde (P<0.01) 6nemli
farklilk yaratmistir. Kok¢iik yas ve kuru agirlign bakimindan ise istatistiksel olarak anlamli bir fark
olusturmamustir.

Kaplama uygulamalarmin kuraklik stresi altinda ¢imlendirilen yonca tohumlarinin g¢imlenme
ozelliklerine etkilerini gruplandirmak amaciyla yapilan Duncan testi sonuglart Tablo 4 de verilmistir. Tablo 4
de goriildiigii gibi, kaplama uygulamalarinin kuraklik stresi altinda ¢imlenen yonca tohumlarina etkisi ile
¢cimlenme orant, kokgiik uzunlugu, kokeiik yas agirligi, sapeik yas agirligi, kokeiik kuru agirhigr 6zelliklerine
ait ortalama degerler ayni grup igerisinde yer almistir. Fakat, sap¢ik uzunlugu ve sapgik kuru agirligi ait
ortalama degerlerde farkli gruplar meydana gelmistir.

Tablo 4. Kaplama Uygulamalarinda Elde Edilen Ortalama Degerler ve Duncan Gruplari (Laboratuvar Denemesi)
Table 4. Average values obtained in coating applications nad duncan groups (laboratory trial)

0 (Kontrol) 1.58a 152b 4.33a 24.45a 0.87a 3.12b
Kaplama 1 60.50 a 16la 1.79a 279a 16.29a 0.62a 4.04 a
Kaplama 2 60.08 a 158 a 1.46b 5.58a 18.16 a 0.58 a 3.79a
Onemlilik od od od od od od fid

1: Ayni siitunda yer alan ve ayn1 harfi tastyan degerler arasinda fark dnemli degildir (p<0.05). **: 0.01 seviyesinde dnemlidir. ¢ gnemli degil.

PEG-6000 ile olusturulan, farkli seviyelerdeki kuraklik stresi kosullarinda ¢imlendirilen kaplanmis yonca
tohumlarinin ¢imlenme orani1 ve fide 6zelliklerine ait ortalama degerlere uygulanan Duncan testi sonuglar1 Tablo

5 de verilmistir.
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Tablo 5. Farkh Kuraklik Stresi Kosullarinda Elde Edilen Ortalama Degerler ve Duncan Gruplar: (Laboratuvar Denemesi)
Table 5. Average values obtained under different drought stress conditions and duncan groups (laboratory trial)

TO 87.83 bct 1.86¢ 3.13a 525a 4400 a 1.06 a 3.83¢

Tl 85.16 ¢ 2.25b 2.80b 8.58 a 28.66 b 154a 491b

T2 90.83 ab 2.6la 2.08¢ 8.75a 22.00b 1.58 a 6.50 a

T3 93.33a 2.84a 152d 7.00a 23.16b 1l41a 6.66 a
Onemlilik(K) . . o o - o o
Onemlilik (K*Kp) od od od il od od od

1 Ayni siitunda yer alan ve ayni harfi tagtyan degerler arasinda fark énemli degildir (p<0.05). ™ 0.01 seviyesinde dnemlidir. *: nemli degil.
K: Kuraklik uygulamasi, Kp: Kaplama uygulamasi.

Tablo 5 incelendiginde, ¢gimlenme oranlarinin %85.16 (-2 bar) ile %93.33 (-6 bar) arasinda degistigi
ve artan kuraklik stresi ile beraber ¢imlenme oranlarinda da bir artig oldugu goriilmektedir. Yonca fidelerinin
kokeiik uzunluklari kontrol uygulamasinda 1.86 cm olarak tespit edilirken, -2 bar kuraklik stresinde 2.25 cm,
-4 bar kuraklik stresinde 2.61 cm ve -6 bar kuraklik stresinde de 2.84 cm olarak tespit edilmistir. Kuraklik
stresinin yiikselmesiyle paralel olarak kokeiik uzunluklar: da artmigtir. Sapgik uzunluklari ise 1.52 c¢cm (-6 bar)
ile 3.13 cm (kontrol) arasinda degismistir. Artan kuraklik stresi sapgik uzunluklarinda 6nemli diizeyde
kisalmaya sebep olmustur.

Kuraklik stresi altinda ¢imlendirilen kaplanmis yonca tohumlarinin kokgiik agirliklar: incelendiginde,
kokeiik yas agirligina ait degerler 5.25 mg (kontrol) ile 8.75 mg (-4 bar) arasinda degismistir. Kokgiik yas
agirhiklart degerleri 1 grup altinda toplanmis ve kuraklik stresi ile beraber bir artis yasanmig fakat -6 bar
kuraklik stresinden sonra tekrar azalmaya baslamistir. Kokgiik kuru agirliklari ise kontrol uygulamasinda 1.06
mg, -2 bar da 1.54 mg, -4 bar da 1.58 mg ve -6 bar kuraklik stresinde 1.41 mg olarak belirlenmistir. Elde edilen
ortalama degerler tek grup altinda toplanmigtir.

Diger yandan, sap¢ik yas agirligi degerleri kontrol uygulamasinda 44.00 mg iken, -2 bar da 28.66 mg,
-4 bar da 22.00 mg ve -6 bar kuraklik stresi kosullarinda 23.16 mg olarak tespit edilmistir. Elde edilen veriler
genel olarak degerlendirildiginde kuraklik stresinin ¢gimlenen yonca fidelerinde sapgik yas agirliklarini azalttig1
goriilmektedir. Sapgik kuru agirligina ait degerler ise 3.83 mg (kontrol) ile 6.66 mg (-6 bar) arasinda degismistir.
Kuraklik stresinin yogunlugu arttik¢a fidelerin sapg¢ik kuru agirlig1 degerleri artmis ve ortalama degerler ile 4
farkli duncan grubu olugmustur.

Sera Denemesi

Kaplanmig yonca tohumlar1 sera kosullarindaki hazirlanmis olan saksilara ekilmis ve farkli
diizeylerdeki kuraklik stresi kosullarinda ¢imlenmeye birakilmistir. Ekimden sonra her giin ayni saatlerde
yapilan ¢imlenme ve fide ¢ikis gozlemleri ve daha sonrasindaki fideler {izerinde olgtimler yapilmistir. TO
uygulamasinda ekimle birlikte sulama yapilmis olup, daha sonra hi¢ su verilmemistir. TO uygulamasinda
¢imlenme goriilmiis ve bu veriler kayit edilmistir. Ancak, kuraklik stresinden dolay: fideler bir siire sonra
Olmiiglerdir. Sonuglar, kaplama uygulamalar1 ve kaplama*kuraklik interaksiyonu agisindan Onemli bir
istatistiki fark olugmadigini, kuraklik uygulamalari arasinda incelenen biitiin ozellikler agisindan 0.05
seviyesinde 6nemli farkliliklar oldugunu gdstermektedir.

Kaplama uygulamalarinin, sera kosullarinda tutulan saksilarda kuraklik stresi altinda ¢imlendirilen
yonca tohumlarinin, ¢gimlenme 6zelliklerine etkilerini gruplandirmak amaciyla yapilan Duncan testi sonuglari
Tablo 6 da verilmistir. Kaplama uygulamalari, ortalama ¢imlenme oranlarin1 %56.66’dan %64.16’e (Kaplama
1) ve %60.00 (Kaplama 2)’a yiikseltmistir. Fidelerin kokgiik uzunluklart 8.63 cm (kontrol), 8.42 cm (Kaplama
1) ve 8.52 cm (Kaplama 2) belirlenirken; sapg¢ik uzunluklari ise, sirasiyla, 2.34, 2.24 ve 2.47 cm olarak tespit
edilmistir. Benzer sekilde, kokgiik yas ve kuru agirliklari, sirasiyla, 13.12, 12.74 ve 12.93 mg/bitki ile 5.90,
5.68 ve 6.37 mg/bitki olarak tespit edilmistir. Sapgik yas ve kuru agirliklar: ise 17.33, 15.76 ve 18.30 mg/bitki
ile 8.01, 7.30 ve 8.63 mg/bitki olarak belirlenmistir.
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Tablo 6. Kaplama Uygulamalarinda Elde Edilen Ortalama Degerler ve Duncan Gruplar (Sera Denemesi)
Table 6. Average values obtained in coating applications and duncan groups (greenhouse trial)

0 (Kontrol) 56.66 at 8.63a 234a 13.12a 17.33a 590a 8.0la

Kaplama 1 64.16 a 8.42a 224a 12.74a 15.76 a 5.68a 7.30a
Kaplama 2 60.00 a 8.52a 247a 12.93a 18.30a 6.37a 8.63a
Onemlilik od od od od od od od

1: Ayni siitunda yer alan ve ayni harfi tagtyan degerler arasinda fark dnemli degildir (p<0.05). *: énemli degil.

Kuraklik stresi kosullarinda elde edilen ortalama degerlerin bulundugu Tablo 7 incelendiginde,
¢imlenme oranlar1 bakimindan 3 farkli grubun olustugu ve oranlarin %40.00 (T0) ile %72.77 (T3) arasinda
degistigi ve azalan kuraklik ile beraber ¢imlenme oranlarinda bir artis oldugu goriilmektedir. Bu ¢imlenme
oranlar1 petri kaplarinda yapilan denemeden elde edilen oranlardan daha diisiik olarak goriilmektedir. Buradaki
farklilik, petri kaplarinda 2 mm kdkgiik ¢ikartan tohumlarin gériilmesiyle elde edilen degerin ¢imlenme orani
olarak hesaplanmasindan kaynaklanmaktadir. Oysa ki, saks1 denemelerinde topraga ekim yapilmis olup, toprak
yiizeyinde ¢ikis yapan bitkilerin sayilmasiyla elde edilen degerin hesaplanmasiyla ¢imlenme orani bulunmustur.
Aslinda bu deger ¢imlenme ve fide ¢ikis degeri olarak ifade edilebilir.

Yonca fidelerinin kokg¢iik uzunluklart kontrol uygulamasinda (T3) 13.69 cm olarak tespit edilirken,
T2’de 11.35 ¢cm, T1°de 9.07 cm olarak olglilmiistiir. Sap¢ik uzunluklar ise 3.42 (T3), 3.22 (T2) ve 2.76 cm
(T1) olarak belirlenmistir. Kuraklik stresinin yiikselmesiyle paralel olarak kokeiik uzunluklari ve sapgik
uzunluklar1 azalmistir.

Kuraklik stresine maruz birakilan kaplanmis yonca tohumlarmin koékgiik yas ve kuru agirliklari,
sirastyla, 22.37 (T3), 18.73 (T2) ve 10.63 (T1) mg/bitki ile 10.40, 8.76 ve 4.78 olarak belirlenmistir. Sap¢ik
yas ve kuru agirliklar ise, sirasiyla, 28.49, 24.94 ve 15.10 ile 13.22, 11.97 ve 6.74 mg/bitki olarak tespit
edilmistir. Kokeiik ve sapgik yas ve kuru agirliklar: degerleri, yonca tohumunun ¢imlenme asamasinda kuraklik
stresinden etkilendigini ve fide 6zelliklerinde gerilemeye sebep oldugunu gostermektedir.

Tablo 7. Farkl Kuraklik Stresi Kosullarinda Elde Edilen Ortalama Degerler ve Duncan Gruplari
(Sera Denemesi)

Table 7. Average values obtained under different drought stress conditions and duncan groups (greenhouse trial)

TO 40.00 c! 0.00d 0.00c 0.00c 0.00c 0.00c 0.00c
T1 56.66 b 9.07¢c 276 b 10.63 b 15.10b 478b 6.74b
T2 71.66 a 11.35b 3.22a 18.73 a 2494 a 8.76 a 1197 a
T3 72.77 a 13.69 a 342a 22.37a 28.49 a 10.40 a 13.22a
Onemlilik i * * i * i *

% Aymi siitunda yer alan ve ayn1 harfi tastyan degerler arasinda fark énemli degildir (p<0.05). *: 0.05 seviyesinde énemlidir.

Bulgular

Nimet yonca gesidinin yeni nesil biyolojik bir tohum kaplama preparat1 ile kaplanmis tohumlarinin
kuraklik stresi kosullarinda ¢imlenme oranlari incelenmistir. Deneme hem laboratuar kosullarinda petrilerde
¢imlendirme seklinde, hem de sera ortaminda saksilarda tohum c¢ikis ve erken fide gelismesi seklinde
gerceklestirilmistir. Birgok aragtirmacinin da (Carpict ve Erdel, 2015; Sheaffer ve ark., 1988; Wu ve ark., 2011)
bildirdigi sonuglara paralel olarak iklimlendirme dolabinda yapilan ¢imlendirme g¢aligmalarinda, kuraklik
stresinin ¢imlenme oranlarinda, kuraklik yogunlugu -6 bar seviyesine kadar arttikca bir miktar artig
(%87.83’den %93.33’e) olmakla beraber -8 ve -9.8 bar seviyelerinde ¢imlenme goriilmemistir. Kaplama
uygulamalar1 da ortalama g¢imlenme oranlarinda, az miktarda da (%58.00’dan %60.08’e) olsa iyilesme
saglamustir.
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Kaplama uygulamalar1 tohumun orijinal haline gére daha biiyiik, yuvarlak, yumusak, agir ve uniform
bir hale gelmesi amaciyla yapilmaktadir (Kaufman, 1991). Ayrica, kaplama ile tohumun stres kosullar altinda
¢imlenme performansini arttirmak miimkiindiir (Taylor ve ark., 1998). Sheaffer ve ark., (1988), kimyasal ve
biyolojik preparatlarla kaplanan tohumlarin zor ¢evre sartlarinda saglikli fide gelisimine ve iyi diizeyde bitki
tesisi saglamada ¢ok yararli oldugunu bildirmektedir. Esasen, kaplama yonteminin amaglarindan biri de stres
kosullar1 altinda tohumun ¢imlenme performansini arttirmak ve bu evrede hastalik ve zararlilarla miicadele
materyallerinin tasinmasina olanak saglamaktir (Taylor ve ark., 1998). Diger bir ifade ile tohum uygulamalari,
bitkilerin genetik ve fizyolojik potansiyellerinin agiga ¢ikmasi agisindan dnemli olan tohum ¢ikis ve fide
gelisimini garanti altina almada Onemlidir. Bu amacla birgok biyolojik iiriin tohumlara kaplama yoluyla
taginmakta ve basarilt olarak uygulanmaktadir (Junges ve ark., 2013).

Carpict ve Erdel (2015), kuraklik stresi kosullarinda ¢imlendirdikleri yonca tohumlarinda ¢imlenme
oranlarini gesitlere gore degismekle beraber %6.50 ile %99.00 arasinda degisen miktarlarda tespit etmislerdir.
Arasgtirmacilar -10.27 bar kuraklik seviyesinde birgok ¢esit de ¢imlenme elde edememislerdir. Hamidi ve
Safarnejad (2010), yonca ¢esitlerinde PEG-6000 ile olusturulan kuraklik stresinin etkilerini arastirdiklart
makalelerinde, kuraklik stresinin ¢imlenme oranini azalttigini ve %97 (0) ile %21 (-9 bar) arasinda degerler
elde edildigini bildirmektedirler.

Kokgiik ve sapgik uzunlugu degerleri kuraklik stresinden etkilenmis ve énemli diizeyde azalmalar
meydana gelmistir. Yonca ¢esitlerinde kuraklik stresinin etkilerini aragtiran Carpici ve Erdel (2015), kokeiik
uzunluklarmi 5.44 cm ile 2.55 cm arasinda, sapg¢ik uzunluklarini ise 4.38 cm ile 0.12 cm arasinda degisen
miktarlarda bulmuslardir. Kuraklik stresi, kok¢iik ve sap¢ik uzunlugu degerlerinde once bir miktar artig
saglamig daha sonra onemli miktarda azalmalara neden olmustur. Hamidi ve Safarnejad (2010) benzer
bulgulari elde etmis olup, kokgiik uzunluklarini 7.10 cm ile 1.40 cm arasinda, sapg¢ik uzunluklarini da 4.60 cm
ile 0.40 cm arasinda degisen miktarlarda bulduklarini bildirmislerdir.

Kokgiik yas ve kuru agirliklar ile sapgik yas ve kuru agirliklar: kuraklik stresinden 6nemli derecede
etkilenmistir. Fakat, tohum kaplama uygulamalari kuraklik stresi kosullarinda kokeiikk yas ve kuru
agirliklarinda artiglar meydana getirmistir. Wang ve ark. (2009), kuraklik stresinin etkilerini arastirdiklar
calismalarinda fide yas agirligini, %0 PEG-6000 uygulamasinda 25 mg, %35 PEG-6000 uygulamasinda 7.5
mg olarak belirlemiglerdir.

Kim ve ark. (2005), kaplanmis yonca tohumlarinin meralarda yiizeysel ekimlerde basari oranini
arttirarak iyi bir ¢cimlenme ve fide gelisimi sagladigini bildirmektedir. Diger yandan, Samancioglu ve Yildirim
(2015), son zamanlarda stres kosullari altinda yetistirilen bitkilere tolerans kazandirmada bitki gelisimini tegvik
eden bakteri kullaniminin yaygmlagtigini ve bu sayede bitkilerde bitki gelisiminin ve verimin arttigini
bildirmektedir.

Bilindigi lizere basarili bir tarimsal iiretimde, istenilen bitki sikliginin ve yiiksek verimin elde edilmesi
her seyden dnce ekilen tohumun hizli, iiniform ve eksiksiz bir sekilde ¢imlenip ¢ikis yapmasina baglidir. Ancak,
bir taraftan ¢imlenmenin sicaklik, nem, toprak tuzlulugu gibi ¢evresel faktorlerden etkilenmesi (Kantar ve
Elkoca, 1998; Turk ve ark., 2004), diger taraftan ekilen tohumlugun ¢ogu kere genetik yapi, tohum olgunlugu
ve tohum biiyiikliigii bakimimdan tiniform olmamasi (McDonald, 2000) eszamanli ¢imlenme ve ¢ikisa engel
olmakta, ¢imlenme ve ¢ikis orani azalmakta ve bunun sonucunda istenilen bitki siklig1 saglanamamaktadir.
Ozellikle ilkbahar ekimlerinde hiikiim siiren diisiik toprak sicakliklar1 cogu kere hizli ¢imlenme ve ¢ikis icin
uygun degildir. Bu sartlar altinda ¢ikis yapan fideler yavag biiyiimekte, tohum ve toprak kokenli patojenlere
kars1 daha fazla hassasiyet gostermektedirler (Matthews ve ark., 2012).

Sonug¢

Kuraklik stresinin siddetin artmasiyla beraber yonca tohumlarinin ¢imlenme, ¢ikis ve erken fide
gelisme Ozellikleri etkilenmistir. Kaplama uygulamalar1 ise incelenen oOzellikler iizerinde olumlu etkiler
yapmistir. Yonca ¢imlenme ve erken fide gelisme doneminde ¢ok zayif gelisme gosteren bir bitkidir. Bu
caligma sonuglari, tohumlar1 kaplanmak suretiyle cevresel etkilere karsi zayif olduklar1 bu dénemlerinde
desteklenmesinin miimkiin oldugu anlasilmistir. Yonca yem bitkileri iceresinde en fazla ekim alanina sahip
olan ve giderek yayginlasan bir bitki olarak 6nemlidir. Yem bitkileri tarimi igerisindeki dneminin yaninda
mera 1slah projelerinde tercih edilmektedir. Kaplanmis yonca tohumlarinin mera 1slah galismalarinda iistten
tohumlama yonetimi ile kullanilma olanaklarini diisliniildiigiinde, topraga birakilan tohumlarin &zellikle
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kuraklik periyodlarinda ¢imlenme ve erken fide gelisimi gosterebilmeleri son derece hayati dneme sahiptir.
Bilindigi gibi yonca, kdkleri ¢ok derinlere inebilen ve topragin derin katmanlarindan faydalanabilen bir bitkidir.
Dolayisiyla bitki ¢cimlenme doneminde hayatta kalabilir ve kok gelisimini tamamlayabilirse uzun siire mera
ortaminda kalmas1 miimkiin olacaktir. Trichoderma harzianum, Bacillus subtilis ve Bacillus megaterium iceren
Panoramix ile kaplanan yonca tohumlarinin kuraklik toleransi arttigi igin mera 1slahinda da bu amagla
kullanilabilecegi anlasilmaktadir. Bu c¢alisma, benzer kaplama preparatlar1 ile zenginlestirilerek yonca
tohumlarinin ¢imlenme kaliteleri arttirilabilir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tarimsal Kirliligin Trakya Bélgesi Sucul Habitatlar1 Uzerine Etkilerinin Temel Bilesen
Analizi Kullanilarak Degerlendirilmesi: Makro ve Mikro Elementler — Agir Metaller

Use of Principle Component Analysis to Evaluate the Effects of Agricultural Pollution on the
Aquatic Habitats of Thrace Region: Macro and Micro Elements — Heavy Metals

Cem TOKATLI*  ipek ATILGAN HELVACIOGLUY

Oz

Son yillarda, sucul ekosistemlerin kalitesini degerlendirmek igin istatistiksel uygulamalarin kullanilmasi artig
gostermektedir. Temel Bilesen Analizi (PCA), ¢evresel kirlenmeyi degerlendirmek i¢in yaygin olarak kullanilan
giiclii bircok degiskenli istatistiksel tekniktir. Ergene Nehir Havzasi, Trakya Bolgesi'nin en 6nemli sucul habitatidir
ve iilkemizin Marmara Bolgesi'nin kuzey-bati kesiminde yer almaktadir. Havza yogun bir tarimsal, evsel ve
endiistriyel kirlenmeye maruz kalmaktadir. Bu ¢alismanin amaci, Ergene Nehri Havzasi’nin lotik (akarsular) ve
lentik (baraj golleri) bilesenlerinin sularindaki makro — mikro element ve agir metal birikimlerini (Li, Be, B, Na,
Mg, AL K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sb, Ba, Tl, Pb) Pearson Korelasyon Indeksi
(PCI) ve Temel Bilesen Analizi(PCA) kullanarak degerlendirmektir. Bu amagla, 2018 yili bahar mevsiminde
yapilan arazi ¢alismalar ile havzada belirlenen toplam 36 istasyondan 6rneklemeler yapilmis ve sudaki bazi mikro
—makro element ve agir metal birikimleri incelenmistir. Calismamizda uygulanan PCI sonuglarma gore, incelenen
makro ve mikro elementler arasinda, p<0,05 ve p<0,01 6nem diizeylerinde anlaml iligkiler tespit edilmistir.
Calismamizda uygulanan PCA sonuglarina gore ise, rotasyondan sonraki toplam yiizde varyanslari agisindan dort
faktor toplam varyansin % 87'sini agiklamustir.

Anahtar Kelimeler: Ergene Nehir Havzasi, Makro — mikro elementler, Agir metaller, Temel Bilesen Analizi, Tarimsal kirlilik

Abstract

In recent years, the use of statistical applications to assess the quality of aquatic ecosystems has increased. Principal
Component Analysis (PCA) is a powerful multivariate statistical technique commonly used to assess
environmental contamination. Ergene River Basin is the most important aquatic habitat of Thrace Region and is
located in the north-western part of the Marmara Region of Turkey. The basin is intensively exposed to agricultural,
domestic and industrial pollution. The aim of this study was to evaluate the macro and micro element
accumulations (Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sh, Ba, Tl, Pb)
in water of the lotic (lakes) and lentic (reservoirs) components of the Ergene River Basin by using Pearson
Correlation Index (PCI) and Principal Component Analysis (PCA). For this purpose, water samples were collected
in the spring season of 2018 from a total of 36 stations selected on the basin and some micro and macro element
accumulations were determined. According to the results of PCI, significant relationships were found between the
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investigated macro and microelements in p<0.05 and p<0.01 significance levels. According to the PCA results,
four factors explained 87% of the total variance in terms of total percentage variances after rotation.

Keywords: Ergene River Basin, Macro — micro elements, Principle Component Anlaysis, Agricultural pollution
Extended Summary

Introduction: Statistical applications have been used to evaluate water ecosystem quality in recent
years. Principle Component Analysis (PCA) is a powerful multivariate statistical technique widely used to
evaluate environmental contamination. Ergene River Basin is the most significant aquatic habitat of Thrace
Region and it is located on the north-west part of Marmara Region in Turkey. The basin is exposed to an
intensive agricultural, domestic, and industrial pollution. The aim of this study was to evaluate the macro —
micro element and heavy metal accumulations in water of lotic and lentic components of Ergene River Basin
by using Pearson Correlation Index (PCI) and Principle Component Analysis (PCA).

Materials and Methods: For the statistical evaluation of water quality of lotic and lentic components
of Ergene River Basin, some micro and macro element accumulations including Li, Be, B, Na, Mg, Al, K, Ca,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sh, Ba, TI, Pb in water were investigated by using an ICP-
MS. Water samples were collected on the basin from 36 selected stations (21 of them were on the lotic parts
and 15 of them were on the lentic parts) in spring season (rainy) of 2018. Pearson Correlation Index (PCI) and
Principal Component Analysis (PCA) were performed by using “SPSS 17 statistical program.

Results and Discussion: According to the results of PCI, significant relations were found between
the investigated macro and micro elements in p<0.05 and p<0.01 significance levels. According to the results
of PCA, four factors explained 87% of the total variance in terms of total percentage variances after rotation.
The most important sources of copper, boron, zinc, lead, manganese and potassium values detected in Basin
waters, which were recorded in the same factor (F2) as a result of PCA, may be considered as fertilizers and
pesticides used in agricultural activities. Industrial activities are known as the most important sources of
molybdenum, cadmium, beryllium, antimony, chromium and vanadium. According to the results of PCA, they
were recorded in the same factor (F1) and the most important source of the elements in the basin waters may
be Corlu and Ergene Rivers.
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Son yillarda su kaynaklarinda toksik element birikimlerinin arastirilmasi hiz kazanmistir. En 6nemli
kirletici parametreler arasinda yer alan agir metaller, hem biyotik hem abiyotik 6gelerde birikim gostermekte
ve c¢ogu organik Kkirleticiler gibi biyolojik olarak indirgenemediklerinden canlilarda toksik etkiler
olusturmaktadir (Shrivastava et al, 2003; Cigek et al., 2013; Kose et al., 2015; Tokatli et al., 2016; Ustaoglu et
al., 2017; Ustaoglu ve Tepe, 2019; Tas et al., 2019).

Meri¢ — Ergene Nehir Havzasi {ilkemizin en iiretken tarimsal alanlarindan birini teskil etmektedir ve
sistemin baglica kullanim alani sulama suyu teminidir. Havzanin %95°1 (1.223.263 hektar) tarima elverisli,
328.039 hektar alan ise teknik ve ekonomik olarak sulamaya elverislidir. Piring bagta olmak iizere, sekerpancari,
aygicegi, misir, sebze ve meyve baslica iiriin ¢esitlerini olusturmaktadir (Kibaroglu, 2008; Tokatli ve ark., 2014;
Tokatl, 2014; 2017; Arda ve ark., 2015).

Havzada yiiriitiilen yogun tarimsal faaliyetlerin yani sira 6zellikle Liileburgaz, Corlu ve Cerkezkdy
gibi yerlesim birimlerine yakin yerlerde, endiistriyel kullanim kaynakli su kirliligi bolgenin en 6nemli
sorunlardan biridir. Hizli kentlesme ve sanayilesme nedeniyle ciddi bir kirlilige maruz kaldig1 bilinen Ergene
Nehri, bolgenin en 6nemli sulama suyu kaynagini teskil eden Meri¢ Nehri’nin de en 6nemli kollarindan biridir
ve havzasinda yaklasik yiizlerce sanayi kurulusu yer almaktadir (DSI, 1997; Tokatli, 2015; Tokatl1 ve Bastatls,
2016). Bolge insanlarinin ¢evre konusunda yeterince bilgi sahibi olmamalari ve g¢evre konusundaki
hassasiyetlerinin ¢ok diisiik olmas1 da havzanin en 6nemli ¢evre sorunlari arasinda yerini almaktadir (Sekil 1)
(Tokatli ve Giirbiiz, 2014).

Arastirilan bolgelerde elde edilen verilerin siniflandirilmasi, modellenmesi ve yorumlanmasi,
ekosistem kalitesinin degerlendirilmesinde yapilmasi gereken en 6nemli unsurlardandir (Boyacioglu, 2006).
Sistemdeki degiskenlerin ¢ogunun uygun bir sekilde degerlendirilebilmesi i¢in, Temel Bilesen Analizi ve
Faktor Analizi gibi multivaryete istatistik uygulamalari, sucul ekosistemler i¢in 6nemli bilesenlerin ya da
faktorlerin belirlenmesinde ¢ok biiyiik katkilar saglarlar (Shrestha ve Kazama, 2007). Faktor Analizi, veriler
arasindaki iligkilere dayanarak verilerin daha anlamli ve 6zet bir bigimde sunulmasini saglayan ¢ok degiskenli
bir istatistiksel analiz tliriidiir ve hem yeraltt hemde yiizey sular1 kalitesinin degerlendirilmesinde ¢ok yaygin
sekilde kullanilmaktadir (Liu et al., 2003; Amadi et al., 2010; Tokatli et al., 2013; Tokatli, 2014; Kose et al.,
2014; Tokatli et al., 2014; Boateng et al., 2016; Kdse et al., 2018; Ustaoglu ve Tepe, 2018; Cicek et al., 2019).

Calismamizin amaci, bdlge igin biiyiik 6nem tastyan ve kullanim alani ¢ok yaygin olan Ergene Nehir
Havzasi lotik (akarsular) ve lentik (barajlar) bilesenlerinde, makro — mikro element ve agir metal birikimlerinin,
Pearson Korelasyon Indeksi (PCI) ve Temel Bilesen Analizi (PCA) kullanilarak degerlendirilmesidir.
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Materyal ve Yontem
Cahsma Alam ve Orneklerin Toplanmasi

2018 yilinin ilkbahar mevsiminde yapilan arazi ¢aligmalarinda, Ergene Nehri lizerinden, 6nemli yan
kollardan ve havzada yer alan barajlardan olmak iizere, havzada belirlenen toplam 36 istasyondan, su 6rnekleri
toplanmustir. Istasyon bilgileri Tablo 1°de, ArcGIS programi kullanilarak cizilen Ergene Nehir Havzasi ve
secilen istasyonlar ise Sekil 2°de verilmistir.

Cizelge 1. istasyon bilgileri (Ergene Nehir Havzas)

Table 1. Station information (Ergene River Basin)

Akarsular
Merig ve Ergene Nehirleri Yan Kollar
El Kavacik T1Safaalan Cay1 Karli
E2 Murath T2Corlu Cay1 Muratlt
E3 Karamusul T3Ahmetbey Cay1 Ahmetbey
E4 Eskibedir T4K6priialt1 Cay1 Liileburgaz
E5 Oklal1 T5Anadere Cay1 Sinanlt
E6 Pehlivankdy T6Hayrabolu Cay1 Karakavak
E7 Uzunk6prii T7Biiyiikdere Cay1 Babeski
E8 Yenicegorece T8Kuleli Cay1 Kumkoy
E9 Adasarhanl T9Ana Dere Bakiglar
M1 Kiiplii T10Sulama Kanali Kigiikaltiagag
M2 Saricaali
Barajlar
Kayalikoy Baraji Kirklareli Barajt
KKD1 K.U. Rektérliik KD1 Kirklareli
KKD2 K.U. Rektérlitk KD2 Kirklareli
KKD3 Karahamza KD3 Kirklareli
Siiloglu Baraji Karaidemir Baraji
SD1 Siiloglu KDD1 Kozydriik
SD2 Siiloglu KDD2 Sarnig
KDD3 Karaidemir
Sultankdy Baraji Altinyazi Baraj1
SKD1 Sultankéy AD1 Altinyazi
SKD2 Sultankéy AD2 Altinyazi
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Sekil 2. Ergene Nehir Havzasi ve secilen istasyonlar

Figure 2. Ergene River Basin and selected stations

Element Analizleri

Arazi ¢aligmalari sirasinda uygun sekilde toplanip etiketlenen, Ergene Havzasi su 6rneklerinin makro
— mikro element ve agir metal igerikleri, Diinya Akreditasyon Kurumu’nun iilkemizdeki temsilcisi olan
TURKAK tarafindan verilen TS EN/ISO IEC 17025 kapsaminda uluslararasi akreditasyon sertifikasma sahip,
Trakya Universitesi Teknoloji Arastirma ve Gelistirme Uygulama ve Arastirma Merkezi (TUTAGEM)'nde
tespit edilmistir.

Laboratuvara getirilen su ornekleri, ¢6ziinmiis elementlerin belirlenmesi igin 6ncelikle, 0.45 um
gbzenek caplit membran filtreden (seliiloz nitrat) stiziilmiistiir. Stiziintiiden alinan bir miktar su numunesi (1+1)
nitrik asit ile hemen pH< 2’ye ayarlanmistir. Ornegin asit derisimi % 1 (v/v) nitrik asite karsilik gelecek sekilde,
uygun hacimde (1+1) nitrik asit (6r; 20 mL 6rnege 0.4mL (1+1) HNOa3) ilave edilmistir. Tiip kapatilip
karistirilarak, 6rnek analize hazir hale getirilmistir. Daha sonra su numunelerindeki toksik element seviyeleri
AGILENT 7700X ICP — MS cihazi ile belirlenmistir (EPA metod 200.8, 1994).

istatistiksel Analizler

Elde edilen veriler arasindaki anlamli iliskilerin tespiti icin kullanilan Pearson Korelasyon Indeksi
(PCI) ve sistem tizerindeki baski unsurlarinin siniflandirilmasi i¢in kullanilan Temel Bilesen Analizi (PCA) ise
“SPSS 17” istatistik programi kullanilarak yapilmistir.

Bulgular

Pearson Korelasyon indeksi (PCI)

Arastirma sonucu elde edilen veriler arasinda istatistiki olarak anlamli iligkiler olup olmadigini tespit
edebilmek icin (p<0,05 veya p<0,01), verilere Pearson Korelasyon Indeksi uygulanmistir. Ergene Nehir
Havzas1 sularinda tespit edilen element verileri arasinda kaydedilen anlamli istatistiki iliskiler ve korelasyon
katsayilar1 Tablo 2’de (n=36) verilmistir.
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Tablo 2.Ergene Nehir Havzasi yiizey sularinda tespit edilen element verileri arasindaki iligkiler
Table 2. The relationships between elemental data detected in surface waters of the river basin

Li 1
Be ,038 1
B ,955" 199 1

Na 417" 428" 649" 1

Mg 112 -,298 ,063 ,029 1

Al -,099 ,099 -094  -033  -320 1

K 6097 339" 792" 929 069 -,080 1

Ca 388" -111 360 218 586™  -,388" 399" 1

\ 4597 445 673" 951" 006 -024 944" ,325 1

Cr ,328 4797 B46™ 907"  -065 -014 865" 137 ,905™ 1

Mn 580" 451" 757" 882"  -149 ,013 ,913™ ,156 873" 875" 1

Fe ,202 47073737 6617 -243 663" 5857 - 145 6927 6757 6407 1

Co 458" 457" 613" 758"  -072 -,041 823" 230 787 916" 829" 529" 1

Ni 386" 377" 531 699" -081  -031 750" 124 710" 898" 774" 496 980" 1

Cu 412" 390" 617" 857" -126  -043 828" 147 ,858™ 840" 803" 588 760" 731" 1

Zn 679" 413" 816" 786" -128  -020 ,893" 234 827" 835 932" 572" 890" 843" 835" 1

As ,390° 404" 618" 961  ,060 -073 932" 313 ,958™ 893" 848" 613" 782" 719" 841" 790" 1

Se 369" ,488™ 578" 872" -048 -038 838" 191 ,939™ 901" 818" 716 742" 689" 815" 783" 861" 1

Sr 332" -,082 353" 395" 7777 -348" 494" 861 438" 282 ,233 -,003 ,282 ,206 ,218 253 4747 317 1

Mo ,285 7827 502" 806™  -164  -042 739" 085 854" 828™ 773" 664" 698" 6257 7217 714" 794™ 904" 194 1

Cd ,261 936" 433" 582" -243 ,003 538" -017 593" 600" 617" 493" 587" 506" 524 590" 562 603"  ,032 ,869™ 1

Sb ,270 /654" 523" 970"  -,066 ,004 836" 1,088 893" 868" 817" 661" 6917 632" ,809™ 684" 914" 818" 273 8357 ,669™ 1

Ba ,257 -,085 ,266 236,491 -183 392" 874" 343" ,130 ,131 -,020 ,197 ,088 ,154 ,158 ,339" 161 789" 054 -,032 134 1

Tl ,205 941" 373" 5577 -270 ,012 517" -041 585 660 622" 504 676 616" 536™ 615" 551" 620" -001 866" 969 638" -064 1

Pb 700" 497" 836" ,808"  -264 ,204 834,093 8007 750 ,914™ 704" 723" 647" 7457 871" 7427 7247 117 7257 652 766™ 092 6177 1
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Temel Bilesen Analizi (FA)

Korele veriler kullanilarak, Ergene Nehir Havzasi yiizey sular iizerinde etkili degisken faktdlerinin
belirlenmesi amactyla Faktdr Analizi kullanilmistir.

Ergene Nehir Havzasi yiizey sularinda su kalitesi iizerine etkili degisken faktorlerin belirlenebilmesi
icin suda tespit edilen makro ve mikro element parametrelerinden toplamda 19 degisken kullanilmistir. Elde
edilen KMO (Kaiser-Meyer-Olkin) Orneklem Yeterliligi Testi sonuglari, 6rneklem biiyiikliigiiniin oldukca iyi
bir seviyede ve yeterli oldugunu gostermektedir (0,732). Birden biiyiik olan 6zdegerler, kullanilan verilerden
aciklanmast gereken varyans kaynaklari olarak, temel bilesenlerin degerlendirilmesi amaciyla kriter olarak
secilmistir ve temel bilegenlerin 6zdegerlerinin ifade edildigi ScreePlot Sekil 3’te verilmistir.

Eigenvalue
L=
I--_—--.

o A LA A A - O-O-O-O-O-0

T+t 1
4 5 78 9 10 1 12 13 14 15 18 17 18 19

Component Number

Sekil 3. ScreePlot diyagram

Figure 3. ScreePlot diagram

Yiizde varyans degerleri, kiimiilatif yiizde varyans degerleri ve bilesen yiikleri (rotasyondan 6nce ve
rotasyondan sonra) Tablo 3°te, rotasyondan sonraki faktor yiiklerini gosteren driimcek diyagrami ise Sekil 4°te
verilmistir. Rotasyondan sonraki toplam yiizde varyanslarina gore, 4 faktoér toplam varyansin %87’sini
acgiklamaktadir. Rotasyondan dnceki ve rotasyondan sonraki, 4 faktor igin belirlenen 0,5’ten biiyiik parametre
yiikleri (bilesen matriksi) Tablo 4’te verilmistir.

Tablo 3. Aciklanan toplam varyanslar

Table 3. Total variances explained

Toplam Varyans Kiimiilatif Toplam Varyans % Kiimiilatif Toplam Varyans  Kiimiilatif
% % % % %
1 10,021 52,741 52,741 10,021 52,741 52,741 6,560 34,529 34,529
2 3,799 19,993 72,734 3,799 19,993 72,734 4,822 25,380 59,909
3 1,569 8,259 80,994 1,569 8,259 80,994 3,551 18,691 78,599
4 1,275 6,713 87,706 1,275 6,713 87,706 1,730 9,107 87,706
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Tablo 4. Bilesen matriksleri

Table 4. Component matrixes

Ekstraksiyon Metodu: Temel Bilesen Analizi

Component Component
1 2 3 4 F1 F2 F3 F4

\Y% ,951 Mo ,934

K ,948 Cd ,876
Mn ,944 Be ,856

Zn ,921 Sb ,830

Pb ,916 Cr ,781

Cr ,902 \% ,743

Sh ,880 Cu ,661 ,530
Mo 873 Li ,930
Cu ,865 B ,922

B ,784 Zn ,759

Cd 723 Pb 747

Fe ,697 ,562 Mn ,679

Be ,562 ,504 K ,657

Ca ,883 Sr ,945

Sr ,861 Ca ,880
Mg ,790 Ba 873

Ba ,783 Mg ,800

Li ,591 -,615 Al ,901
Al -,517 , 749 Fe 754

Ekstraksiyon Metodu: Temel Bilesen Analizi;

Rotasyon Metodu: KaiserNormalizasyonu ile Varimaks

Birinci faktor, toplam varyansin %34,5'ini agikladi ve Mo, Cd, Be, Sb, Cr, V ve Cu degiskenleriyle
iligkili olarak tespit edildi. Bu faktdrde, Mo, Cd, Be ve Sb parametreleri gii¢lii pozitif ve V ve Cu parametreleri
orta pozitif seviye yiiklii olarak belirlenmistir. ikinci faktor, toplam varyansin %25,3'iinii agikladi ve Cu, Li, B,
Zn, Pb, Mn ve K degiskenleriyle iliskili olarak tespit edildi. Bu faktorde, Li, B ve Zn parametreleri giiglii pozitif
ve Cu, Pb, Mn ve K parametreleri orta pozitif seviye yiiklii olarak belirlendi. Ugiincii faktdr, toplam
varyansin %18,6's1 agiklad1 ve Sr, Ca, Ba ve Mg degiskenleriyle iliskili olarak tespit edildi. Bu faktorde, tim
parametreler giiclii pozitif yiiklii olarak belirlendi. Dordiincii faktor, toplam varyansin %9,1'1 agikladi ve Al ve
Fe degiskenleriyle iliskili olarak tespit edildi. Bu faktorde, tiim parametreler giiclii pozitif yiiklii olarak
belirlendi (Sekil 4).
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Sekil 4. Rotasyondan sonraki bilesen yiikleri

Figure 4. Component loads after rotation

Corlu Cay1 ve Ergene Nehri yukar1 havzasinda bir ¢ok sanayi tesisi yer almaktadir ve ¢ok yogun
sekilde endiistriyel faaliyetler yiiriitiilmektedir. Bu durumun, ilgili akarsulari ¢ok dnemli &¢iide kirlettigi ve su
kalitelerinde belirgin diisiilere neden oldugu bir¢ok arastirmact tarafindan bildirilmistir (Tokatli, 2015; 2019a;
2019b; Tokath ve Bastatli, 2016; Tokatli ve ark., 2016; ). Molibden, kadmiyum, berilyum, antimon, krom ve
vanadyumun en 6nemli kaynaklarindan birinin endiistriyel faaliyetler oldugu bilinmektedir (ATSDR, 2002;
2012a; 2012b; 2012c; 2017; 2019). PCA sonuglarina gore, bu elementlerin ayni faktor icerisinde yer almasi
(F1), bunlarin ayn1 kaynaktan sisteme giris yaptigina igaret etmektedir ve havza sularinda tespit edilen
molibden, kadmiyum, berilyum, antimon, krom ve vanadyum elementlerinin en dnemli kaynaginin Corlu Cay1
ve Ergene Nehri yukari havzasinda yiiriitiilen sanayi faaliyetleri oldugu diisiiniilmektedir.

Cinko, yerkabugunda en bol bulunan elementlerden biridir ve dogal siirecler ile insan aktiviteleri
sonucu havaya, topraga ve suya ge¢mektedir. Bilindigi gibi giibreler topraga ¢inko gegisinde dnemli bir etkiye
sahiptir ve yagmurlar havadan ve topraktan sulara ¢inko gegisini hizlandirabilir (ATSDR, 2005). Bakir, dogal
olarak kayaglarda, toprakta, suda ve diisiik konsantrasyonlarda havada bulunan kirmizimsi bir metaldir ve
insanlarda dahil olmak {izere tiim canlilar i¢in diisiik seviyelerde esansiyel bir elementtir. Bakirin gevreye gegisi
bir¢ok yolla meydana gelebilmektedir ve bunlardan en 6nemlileri dogal kaynakli gegisler, ¢opliikler, evsel atik
sular, fosil yakitlarin yakilmasi, fosfatli giibre iiretimidir (ATSDR, 2004). Kursun, yerkabugunda oldukca
kii¢iik miktarlarda bulunmaktadir ve yiizey su ve sedimentlerindeki kursun akiimiilasyonlarmin yaklasik %90°1
insan aktivitelerinden kaynaklanmaktadir (ATSDR, 2007). Tarim arazilerinde kullanilan pestisitler 6nemli
miktarlarda kursun igerebilmektedir ve kursun, atmosferden ya da direkt olarak topraga gectikten sonra toprak
partikiillerine kuvvetlice yapisir ve kalintilar1 topragin {ist tabakasinda uzun siire kalabilir. Buda tarim
arazilerine sadece bugiinkii degil gegmisteki pestisit uygulamalarinin bile, topraktaki kursun igeriklerinin
onemli kismindan sorumlu olabilecegi anlamina gelmektedir (ATSDR, 2007). Calismamizda uygulanan Faktor
Analizi sonuglarina gore, ¢inko, bakir ve kursun ayni faktor icerisinde yer almaktadir (F2) ve bu durum, bu
elementlerin sistemdeki kaynaklarinin benzer faaliyetler oldugunu disiindiirmektedir.

Bilindigi gibi, spesifik agir metaller arasinda gozlenen yiiksek korelasyonlar, bunlarmn ayni
kaynaklardan sisteme desarj edildiginin bir gostergesidir (Hakanson ve Jansson, 1983; Li et al, 2009). Suda
tespit edilen Zn ve Cu seviyeleri arasinda istatistiki olarak anlamli pozitif iligkiler tespit edilmistir (p<0,01).
Ayrica yine suda 6nemli tarimsal orijinli toksik ve esansiyel elementler olan Cd ile Cu ve Zn ve pestisitlerde
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yaygin olarak kullanilan As ve Pb seviyeleri arasinda da istatistiki olarak anlamli pozitif iliskiler tespit
edilmistir (p<0,01). Bu elementlerin sistemdeki en 6nemli kaynaklarinin tarimsal uygulamalar oldugu
diisiintilmektedir.

Bolgede monokiiltir yaklagimli tarimsal uygulamalar topragi bazi mineraller agisindan
fakirlestirmektedir. Mineral agigini gidermek igin ise tiim tarimsal Giretim yapilan sahalarda inorganik ve
fosfatli giibreler yogun sekilde kullanilmaktadir. Bolge sularinda tespit edilen bakir, bor, ¢inko, kursun,
mangan ve potasyum degerlerinin en dnemli kaynaklarinin tarimsal faaliyetlerde kullanilan giibreler ve
pestisitler oldugu diisiiniilmekledir. Bilindigi gibi molibden, kadmiyum, berilyum, antimon, krom ve
vanadyum en onemli kaynaklarindan biri endiistriyel atiklardir ve ¢alismamizda Temel Bilesen Analizi
sonuglarina gore ayni faktor igerisinde yer alan (F1) bu elementlerin, havza sularindaki en 6nemli kaynaginin
ise Corlu ve Ergene Nehirleri oldugu disiiniilmektedir.

Tesekkiir

Bu arastirma, Trakya Universitesi Bilimsel Arastirma Projeleri Birimi (TUBAP 2017/211) tarafindan
finansal olarak desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Artan Dozlarda Bakir Siilfat ve Azot Uygulamalarimin Ekmeklik Bugdayda Verim ile
Kok ve Kok Bogaz Ciiriikliigii Hastah@ina Etkileri

Effects of Copper Sulfateand Nitrogen Applications in The Increasing Doses On The Yield and
Root and Root Crown Rot Disease of Bread Wheat

Muhammet Nurullah AKDAGY Mehmet ZENGIN?

Oz

Bu caligma, artan dozlarda bakir siilfat (BS; CuS04.5H,0; %35 Cu) ve azot uygulamalarinin Quality cesidi
ekmeklik bugdayda verim ve verim unsurlar ile kdk ve kok bogazi ciiriikligii hastaligina (KKBCH) etkilerini
tespit etmek amaciyla 2016-2017 iiretim sezonunda Konya’ nin Sarayonii ilcesi’nin Degirmenli Mahallesi’nde 0
ada 307 parsel numarali bir ¢ift¢i tarlasinda yagmurlama sulamali kosullarda yapilmigtir. Caligmada 3 blok ve her
blokta 24 parsel olmak iizere toplam 72 parsel olusturulmustur. Bloklara 10, 15 ve 20 kg N da? dozlar
uygulanmustir. Ayrica her blokta kendi i¢inde 4 tekerriirlii olarak 0, 0.5, 1, 2, 4 ve 6 kg BS da'dozlar1 kullanilmustir.
Arastirma sonuglarina gore, en yiiksek bugday verimi (405 kg da) ‘15 kg N da* + 4 kg BS da'’ uygulamasindan
almmustir. Ayrica 10 kg N da? blogunda 2 kg BS da™ dozu ve iizeri dozlarda, 15 kg N da* ve 20 kg N da?
bloklarinda ise 4 kg BS da™ dozu ve iizerindeki dozlarda BS uygulanan parsellerde KKBCH nin olusmadigi
belirlenmistir. Uygulanan N dozlarinin bugdayda verim ve verim unsurlarina etkilerine bakildiginda, en yiiksek
verim ve verim unsurlar1 degerleri 15 kg N da™* uygulamasindan elde edilmistir. Bu yiizden benzer kosullardaki
bugday yetistiriciliginde 15 kg N da™ ve 4 kg BS da™* dozlarmin kullanilmasi &nerilebilir.

Anahtar Kelimeler: Azot, bakir siilfat, bugday, kok ve kok bogazi ¢iirtikligii

Abstract

This study was carried out to determine the effects of in the increasing dozes of copper sulfate (CS; CuSO4.5H,0;
35% Cu) and nitrogen applications on the yield and yield components, root and root crown disease of Quality
variety bread wheat grown in a farmer field with spring irrigation in Degirmenli Town of Sarayonii District of
Konya Province in 2016-2017 growing season. In the field experiment, the three block and 24 plots in each block,
total 72 plots were formed. 100, 150 and 200 kg N ha dozes were applied into blocks. In addition, 0, 5, 10, 20,
40 and 60 kg CS ha dozes were given into each block as four replications. According to the results, the highest
wheat yield (4.050 kg ha') was obtained from ‘150 kg N ha + 40 kg CS ha'> dozes. In addition, the root and root
crown diseases were not seen in the 20 kg CS ha* doze and more high dozes in the 100 kg N ha* block. The same
diseases were not determined in the 40 kg CS ha* doze and more high dozes in the 150 and 200 kg N ha* blocks.
When it was look at the effects of N dozes applied, the highest yield and yield components were obtained from
150 kg N ha doze (2. block). So, 150 kg N ha* and 40 kg CS ha dozes can be suggested in the wheat growing
in the similar conditions.

Keywords: Nitrogen, copper sulfate, wheat, root and root crown.
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Extendend Summary

This study was carried out to determine the effects of increasing dozes of copper sulphate (CS; CuSO4.5H,0;
35% Cu) and nitrogen applications on the yield and yield components of Quality bread wheat and root and root
rot diseases (RRRD) in the conditions of spring irrigated land in Degirmenli of Sarayonii District of Konya
Province in 2016-2017 growing season. The soil samples were taken from the top layer of 0-30 cm and some
physical and chemical analyzes were carried out in the Soil Fertilizer Plant Nutrition Research Laboratory of the
Faculty of Agriculture of Selcuk University, on October 19, 2016.

The experiment was carried out in randomized block design with four replications in 3 blocks in total 72
parcels. A total of 72 parcels were planned to be 3 blocks next to each of the 24 parcels with 2.5 m width and 6 m
length. Wheat seeds with pesticide were planted in each plot with 450 seed m2 sowing norm on October 30, 2016.
13 kg of DAP was applied by drilling in to bottom in the sowing. Half of the amount of N planned to be given in
the trial during the period of brother hood with area in March, the remaining half of the period of retention, in
April, ammonium sulfate fertilizer was given.

During the production season, 100 kg N hawas to tally applied to the first of the blocks, 150 kg N ha*was
applied to the second and 200 kg N hawas applied to the third. The 0, 5, 10, 20, 40 and 60 kg CS ha‘dozes were
pulverized as sufficient solution in to the plots having four replicated prepared in the blocks between the brother
hood and stalking period.

The highest grain yield in wheat (4.050 kg ha*) was taken from 150 kg N ha'* and 40 kg CS ha. The highest
yield was obtained as N needed and RRRD did not occur. The lowest grain yield (3.020 kg ha) was taken from
the plot where CS was not applied in the 100 kg of N haand from the plot where 5 kg CS ha*. The N doze applied
in these plots could not meet the need of the plant. Besides, grain yield was lower than the other plots because of
the occurrence of RRRD in these plots. The yield average (3.370 kg ha) did not increase gradually and low grain
yield was obtained according to 150 kg N ha* by more N application (200 kg N ha) which is more than need of
the wheat.

The lowest RRRD scalevalue (0) was obtained from the application of 20, 40 and 60 kg CS ha in 100 kg N
haapplication and no diseases were observed in these plots. The highest RRRD scale value (3) was observed at
the dozes of 0, 5 and 10 kg CS ha' in 200 kg N ha™. It was observed that as the doze of CS increased, the scale of
RRRD scale decreased, and as the N dose increased, the value of RRRD scale increased. As the N doze increased,
the cell structure of the plant has grown rapidly. Therefore, the rapidly developing cell structure was susceptible
to the disease and hence as N doze increased, RRRD increased. In the CS applications, when the application doze
of CS increased, the value of RRRD scale decreased and it was understood that the disease was stopped at 40 kg
CS ha',

The highest plant height (58 cm) was obtained from 40 kg CS ha* in 200 kg N ha* block and the lowest plant
height (49 cm) was obtained from the plot not applied CS in the 100 kg N ha. The highest number of spikes (660)
in m?wastakenfrom 200 kg N ha*and 60 kg CS ha, and the lowest spike number (492) from 100 kg N ha™ and
CS were not applied. The highest grain number (28) was obtained from 150 kg N ha*and 40 kg CS ha'!, and the
lowest grain number (21) was obtained from 150 kg N ha*and CS was not use plot. The highest thousand grain
weight (45.00 g) was taken from 150 kg N haand 40 kg CS ha'?, and the lowest one thousand grain weight (36.25
g) was taken from 100 kg N ha' and BS not applied plot. The highest protein ratio (12.88%) was obtained from
40 kg CS ha* with 150 kg N ha* and the lowest protein ratio (7.35%) from 100 kg N ha* and CS was not used
plot.

In the fight against RRRD, in our study, the results of CS applications are investigated together with N
applications, RRRD was not seen in the 20, 40 and 60 kg CS hain the 100 kg N ha?, in 40 and 60 kg CS hain
the 150 and 200 kg N ha't. RRRD decreased as CS dozes increased until 20 kg CS ha™in the 100 kg N hal, 40 kg
CS hatinthe 150 and 200 kg N ha™. It has been understood that 40 kg of CS ha* spray doze can be used to combat
RRRD between brotherhood and stalking period. 150 kg N ha* doze may be recommended for high yield and yield
components in similar wheat, soil and climate conditions.
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Bugday diinyada ve iilkemizde en ¢ok iiretilen ve iilkelerin beslenme, ticaret ve ekim ndbeti sistemlerinde
vazgecilmez bir kiiltiir bitkisidir. Diinya niifusu ile tarimsal {iretim ve gidanin ayni oranda artmamasi aclik
sorununu ortaya ¢ikarmaktadir. Akdeniz ve Balkan iilkelerinin ana gida maddesi bugday ve bugday iirtinleridir.

Bugday, diinya besin kalorisinin yaklasik %20’sini karsilamaktadir (Wiese, 1991). Ulkemizde kisi basina
bugday tiiketimi 250 kg/y1l, kisi basmna giinliik ekmek tiiketimi ise 360 g civarindadir (Anonim, 2016a). insan
beslenmesinde diinyada en ¢ok kullanilan kiiltiir bitkileri arasinda yer alan ekmeklik bugday ( 7riticumaestivumL.)
ve makarnalik bugday (Triticum durum Desf.) lilkemizde ve gelismekte olan iilkelerde temel besin kaynaklarini
olusturmaktadir. Tarima dayali sanayide, gida sanayisinin alt dali olan un ve unlu mamuller sanayisine hammadde
olmasmin yani sira kepek, saman vb. olarak da hayvancilik sektoriiniin dnemli bir unsuru olan bugday, strateji
uzmanlaria gore 21. yiizyilin en dnemli jeo-ekonomik giiciidiir (Koca, 1999).

Bugdaya karsi artan talepleri karsilayabilmek i¢in tarim yapilan alanlar1 ¢esitli nedenlerle giinden giine azalan
iilkelerde esas yapilmasi gereken birim alandan alinan iiriin miktarini artirmaktir. Bugday kdk ve kdk bogazi fungal
hastaliklar1 verimi sinirlayan en 6nemli faktorler arasinda yer almaktadir. Bitki kdk sagligi, bitkinin ortamdaki su
ile besin maddelerini en iyi sekilde almasi ve degisik ¢evre kosullarina uyumu agisindan 6nemlidir. Koklerin
hastalikli olmasi halinde, kok yogunlugu ve derinligi azalmakta, bitkilerin kullanabildigi toprak derinligi daha
yiizeysel kalmakta, bundan dolay1 bitki topraktaki su ve besin maddelerini yeterince alamamakta ve sonugta 6nemli
verim kayiplari meydana gelebilmektedir (Cook, 1992).Kok ve kok bogazi ¢iiriikligii hastalik etmenlerinin uygun
ortam bulduklarinda kisa siirede inokulum iiretebilmeleri hem toprak hem de tohum kdkenli olmalari, tohum ve
bitki artiklari ile taginmalari, toprakta uzun yillar yasayabilmeleri ve bir veya birka¢ etmenin ayni anda bir arada
bulunmasi 6zelliklerinden dolay1 bu etmenler ile miicadele olduk¢a zordur. Kok ve kdk bogazi hastalik etmeni
funguslar toprakta bitki artiklar1 lizerinde iki yildan fazla canliliklarini siirdiirebildikleri bildirilmektedir (Anonim,
2016b).

Tiirkiye’de kullanilan giibreler arasinda azotlu giibreler ilk siray1 (%64.1) almaktadir. Cilinkii s6z konusu
topraklarin organik madde icerikleri diisiik olup bitkilerin azot istekleri daha fazladir. Ulkemizde kullanilan azotlu
giibrelerin %50’si tahillarin giibrelenmesinde tiiketilmektedir. Toprakta azotun gereginden fazla bulunmasi birim
alanda basak sayisinin artmasina ancak basaktaki tane sayisinin azalmasina yol agmaktadir. Asir1 azot ile vejetatif
gelisme hizlanirken tane verimi azalir. Fazla azot bitkinin yatmasina ve dolayistyla iirlin kaybina sebep olmaktadir
(Kacar ve Katkat, 2007). Kuzeydogu Almanya’nin kumlu topraklarinda yiiriitiilen uzun siireli organik ve mineral
azotlu giibrelemenin bugdayda verim ve kaliteye dnemli bir etki yaptigi ortaya konulmustur. Ayrica bu denemede
yer alan Ares ekmeklik bugday ¢esidinin kalite 6zellikleri mineral azot giibrelemesinden etkilenmis ve iyi bir
ekmeklik kalitesini elde etmek igin 11-16 kg N da™' uygulamasma ihtiya¢ bulundugu bildirilmistir (Ellmer ve ark.,
2001).

Bu calisma ile Konya ili, Sarayonii ilcesi’nde kok ve kok bogazi ciiriikliigii hastaligi bulasik, sulu tarla
kosullarinda yetistirilen ekmeklik bugdayda, topraga artan dozlarda bakir siilfat ve azot uygulamalarinin verim ile
kok ve kok bogazi ¢iiriikliigii hastaligina etkilerini arastirmak, en yiiksek verim i¢in kullanilmas: gereken bakir
stilfat ve azot dozlarini belirlemek, elde edilen bilgi ile bugday iireticilerine ve {ilke ekonomisine katki saglamak
amagclanmigtir. Zira tilkemizin tahil ambari Konya’da giderek artan kdk ve kdk bogazi ciiriikliigii hastaliginin
onlenmesine dair bakir siilfat ve azotlu giibre dozlarinin etkileri hemen hemen hig arastirilmamastir.

Materyal ve Yontem

Bu caligma, artan dozlarda bakir siilfat (BS; CuS0O4.5H,0; %35 Cu) ve azot(N) uygulamalarinin Quality ¢esidi
ekmeklik bugdayda verim ve verim unsurlari ile kdk ve kdk bogazi ciiriikligii hastaligina (KKBCH) etkilerini
tespit etmek amaciyla 2016-2017 iiretim sezonunda Konya’ nin Sarayonii ilgesi’nin Degirmenli Mahallesi’nde 0
ada 307 parsel numaral1 bir ¢iftci tarlasinda yagmurlama sulamali kosullarinda yapilmaistir.

Tarlada bugday ekimi 6ncesinde 19 Ekim 2016 tarihinde verimlilik analizleri i¢in 0-30 cm’lik {ist katman
temsilen toprak drnekleri alinarak Selguk Universitesi Ziraat Fakiiltesi Toprak Giibre Bitki Besleme Arastirma
Laboratuvari’nda bazi fiziksel ve kimyasal analizler yapilmistir. Analiz sonuglarina gore (Cizelge 1), deneme
topragi killi tin tekstiirlii, hafif alkalinreaksiyonlupH’l1, tuzsuz, orta kirecli ve yiiksek organik maddelidir. Bor ¢ok
az, azot, demir ve mangan az, potasyum, magnezyum, ¢inko ve bakir yeterli, fosfor ve kalsiyum ise fazladir. Ancak
ekstrakte edilebilir kalsiyumun, potasyum ve magnezyuma, magnezyumun da potasyuma oranlarinin yiiksek
olmasi istenmeyen bir durumdur (Jokinen, 1981).
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Artan dozlarda bakir siilfat ve azot uygulamalarinin ekmeklik bugdayda verim ile kok ve kok bogaz ¢iiriikliigii hastaligina etkileri.

Denemede Quality ¢esidi ekmeklik bugday yetistirilmistir. Quality ¢esidi bugday 2014 yilinda TMO tarafindan

1. Grup Ekmeklik olarak bareme alinmistir. Kirmizi, sert ve iri taneli, orta erkenci bir ¢esit olup kisa boyludur. Bin

tane agirlig 40-44 g, hektolitre agirligr 80-82 g civarindadir. Ekmeklik kalitesi iyi, hayli yiiksek bir protein ve
enerji igerigine sahiptir.

Deneme, tesadiif bloklarinda boliinmiis parseller deneme desenine gore dort tekerriirlii olarak 3 blokta,
toplamda 72 parselde yiiriitiilmiistiir. 2.5 m eninde ve 6 m uzunlugundaki (15 m?) 24 parselden yan yana 3 tane
blok olacak sekilde (toplam 72 parsel) planlanmistir. Ana parsellere N (10 kg N da’!, 15 kg N da! ve 20 kg N da-
1, alt parsellere ise BS (0, 0.5, 1, 2, 4 ve 6 kg BSda™") dozlar1 her blok i¢inde 4 tekerriirlii olarak kardeslenme ile
sapa kalkma donemi arasinda yeterli ¢ozelti halinde bitkilere piilverize edilmistir.

Cizelge 1.Deneme topraginin bazi fiziksel ve kimyasal analiz sonuglari

Table 1.Some physical and chemical analysis results of testing soil

Parametreler Sonuglar Yorumlar Normal degerler
Tekstiir sinift Killi tin Normal, iyi Tinlit
pH (1:2.5 t:s; pH metre) 7.73 Hafif alkalin 6.5-7.52
EC (1:5 t:s, puS cm™, EC metre) 234 Tuzsuz, iyi < 4002
Kireg (toplam CaCOs; %, 11.8 Orta kirecli 3-7t
ScheiblerKalsimetresi)
Organik madde (%, Smith-Weldon) 3.53 Yiiksek, iyi 3-61
Azot (NHs-N+NOz-N; mg kg, Kjeldahl) 14.6 Az 50-500°
Fosfor (yar. P (mg kg, Olsen) 47.9 Fazla 8-258
Potasyum (ekst. edil. K, mg kg, NH,OAc, ICP) 192 (0.49 me/100 g) Yeterli 110-290°
Kalsiyum (ekst. edil. Ca, mg kg*, NH4OAc, 6.981 (34.90 me/100 Yiiksek 1.150-3.500°
ICP) s)]
Magnezyum (ekst. ed. Mg, mg kg, NH4OAC, 401 (3.34 me/100 g) Yeterli 160-480°
ICP)
Sodyum (ekst. edil. Na, mg kgt, NH4OAc, ICP) 29 (0.12 me/100 g) - -
Degisebilir sodyum yiizdesi 0.31 Sodiklik sorunu < 15!
yok
Demir (yarayish Fe, mg kgt, DTPA, ICP) 1.26 Az 4.5-104
Cinko (yarayish Zn, mg kg*, DTPA, ICP) 0.79 Cok az 0.7-2.43
Mangan (yarayish Mn, mg kg, DTPA, ICP) 1.41 Az 14-50°
Bor (yarayish B, mg kg*, Mannitol, ICP) 0.06 Az 1.0-2.45
Bakir (yarayish Cu, mg kg, DTPA, ICP) 0.55 Yeterli >(0.26
Ca/K (me/100 g birimleri ile) 71.22 Yiiksek 127
Ca/Mg (me/100 g birimleri ile) 10.44 Yiiksek 6’
Mg/K (me/100 g birimleri ile) 6.81 Yiiksek 27

1 Ulgen ve Yurtsever (1974), 2 Richard (1954), 3: FAO (1990), “: Lindsay ve Norvell (1978), 5: Wolf (1971), ©: Follettve Lindsay(1970), 7:
Jokinen (1981).

Mibzerle her parsele 450 tohum/m? ekim normunda ilagh Quality ekmeklik bugday tohumlar1 30 Ekim 2016
tarihinde ekilmistir. Ekimde mibzerle tabana dekara 13 kg DAP (Diamonyum fosfat; 18.46.0) verilmistir. Bdylece
ekimde 6 kg P,Os ve 2.34 kg N da! uygulanmistir. Denemede verilmesi planlanan diger azot miktarmin yarisi
kardeslenme doneminde, mart ayinda iire (%46 N), kalan yaris1 da sapa kalkma doéneminde, Nisan ayinda
amonyum siilfat (%21 N) giibresi ile verilmistir. Toprak analiz sonuglarina gore eksik olan mangan ve bor Nisan
aymda ilk yagmurlama sulama ile her parsele 1 kg mangan siilfat (MnSO4.3H,0; %27 Mn) da™! ve 0.5 kg Etidot-
67 (%20.8 bor) da”! dozlarinda uygulanmustir.

Her parselin ortasindaki 1 m?’lik kisim el ile hasat ve harman edilerek, taneler hassas terazide tartilip kg da-!
olarak hasatta verim belirlemesi hesaplanmistir. Her parselden tesadiifi olarak segilen 10 bitkinin ana saplarinda,
toprak ylizeyinden basagin iist bagak¢ik ucuna kadar (kilgiklar harig) olan yiikseklik cm cinsinden bitki boyu
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Olgiilmiistiir (Yiiriir ve ark., 1981). Her parselin ortasindaki 2 sirada 1 m’de bulunan bagak sayisinin m?’deki basak
sayisina ¢evrilmesi ilem?’de basak sayisi(adet) bulunmustur (Tosun ve Yurtman, 1973).Her parselde tespit edilen
10 bitkinin ana sapindaki basaklar elle ayr1 ayr1 hasat edilip taneler sayilarak ortalamalar1 alinip adet olarak basakta
tane sayist belirlenmistir (Yiriir ve ark., 1981).Her parselden alinan tanelerde dort defa 100 tane sayilip 0.001 g
hassasiyetli terazide tartilarak ortalamalar1 alinip 10 ile garpilarak g cinsinden bin tane agirlig1 ifade edilmistir
(Geng, 1974).Her parselden elde edilen tane verimlerinin ayni alandan elde edilen ‘sap+tane’ verimine orani %
olarak hasat indeksi hesaplanmustir (Colkesen ve ark., 1993).Her parselin ortasindaki 1 m?’lik alandaki bitkilerin
hastalik siddetine gore, kok ve kok bogazi ¢iiriikliigii hastaligi degerlendirme skalasina gore skala degeri
belirlenmistir. Tanede protein analizi Selcuk Universitesi Ziraat Fakiiltesi Toprak, Giibre ve Bitki Besleme
Arastirma Laboratuvari’ndaH,SO4 + H>0; ile yas yakilan 6rneklerde mikro Kjeldahl yontemi ile (Bayrakli, 1987)
belirlenen N degerlerinden tanenin protein oranlart hesaplanmustir.

Uygulamalara kars1 elde edilen verim ve verim unsurlar1 degerleri Tesadiif bloklarinda boliinmiis parseller
deneme desenine gére MSTAT-C istatistiksel paket programinda varyans analizine tabi tutulmus, énemli ¢ikan
muamelelerde ise ayn1 program yardimiyla Duncan gruplari belirlenmistir (Yurtsever, 1984). Ayrica kok ve kok
bogazi ciiriikliigii istatistikleri her bir faktoriin bir seviyesinde diger faktoriin tiim seviye rank ortalamalar1 Kruskall
Wallis Testi yardimiyla karsilastirilmigtir. Ele alinan skor 6zelligi bakimindan istatistik analiz Minitab-16 paket
programiyla yapilmistir. Analiz sonucu gruplarin rank ortalamalari arasindaki fark Bonferroni-Dunn ¢oklu
karsilagtirma testi yardimiyla belirlenmistir.

Bulgular ve Tartisma

Arastirmada artan miktarlarda BS (bakir siilfat) ve N (azot) uygulamalarinin ekmeklik bugdayda verim ve
verim unsurlari ile KKBCH (kok ve kok bogazi ¢iirlikliigii hastaligi)’na etkileri ile ilgili agiklamalar asagida alt
bagliklar halinde verilmistir.

Uygulamalarin Bugdayda Tane Verimine Etkileri

Artan miktarlarda BS ve N uygulamalarmin ekmeklik bugdayda verim ve verim unsurlarma etkileri ile ilgili
varyans analiz sonuglar1 Cizelge 2°de, uygulamalarin bugdayda KKBCH 'na etkisi ile ilgili varyans analiz sonuglari
Cizelge 3’de, verim ve verim unsurlarina iliskin ortalama degerler ve olusan Duncan gruplar1 ise Cizelge 4°de
verilmigtir.

Cizelge 2.Artan miktarlarda bs ve n uygulamalarinin bugdayda verim ve verim unsurlarina etkileri ile ilgili varyans analiz sonuglar1

Table 2.The results of variance analysis regardingtheeffects of increasingamount of c¢s and n applications on yieldandyield components

of wheat
Varyans kaynagi  S.D. Kareler ortalamasi
Tane Bitki m?’de Basakta Bin Hasat  Protein
verimi boyu basak tane tane indeksi  oram
sayis1 sayis1 agirhg
Genel 71 -- -- -- -- -- -- --
Tekerriir 3 16555 18.5 20024 44.79 13.74 90.82 0.27
N uygulamasi 2 17947* 123.6* 9508 5.38 117.9* 156.54  43.06*
* * *
Hata 6 2794 5.09 10215 1.22 12.87 35.30 1.39
BS uygulamast 5 4626 22.6 10326 16.28 14.11 7.16 14.10*
*
NxBSinteraksiyon 10 1218 7.89 3847 11.12 8.17 1542  8.96**
u
Genel Hata 45 2719 18.8 9870 8.01 6.36 19.48 1.22

* p<0.05, **. p<0.01

Bugdayda Tane verimine sadece N uygulamasinin etkisi %5 diizeyinde 6nemli ¢ikmistir (Cizelge 2). Tane
verimi lizerine N uygulamalarinin %5 diizeyinde 6nemli ¢ikmasi tane veriminin farkli miktarlarda N uygulamasina
bagli olarak degistigini gostermektedir.
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Artan dozlarda bakir siilfat ve azot uygulamalarinin ekmeklik bugdayda verim ile kok ve kok bogazi ¢iirikligii hastaligima etkileri.

Cizelge 4’den de goriildigii gibi olusturulan N bloklarindaki en yiiksek tane verimi ortalamasi (374 kg da™)

15 kg N da'uygulamasindan, en diigiik tane verimi ortalamasi ise(320 kg da™!) 10 kg N da'uygulamasindan elde

edilmistir. Bugdayin ihtiyag duydugu N miktarindan daha fazla N (20 kg N da™!) uygulamasi ile verim ortalamas:

(337 kg da'!) giderek artmayip 15 kg N da™! dozuna gére diisiik tane verimi ortalamasi elde edilmistir. 10 kg N da

! dozu bitkinin N ihtiyacindan daha diisiik bir doz oldugundan bitkinin N ihtiyac1 karsilanamamuis bitkinin vejetatif

aksaminin normal gelisebilmesi igin yeterli olmamistir, 20 kg N da dozunda ise bitkinin vejetatif aksami fazla

azot uygulamasindan dolay1 normalden fazla ve hizli biyiimiis dolayisiyla verim degerleri 15 kg N da

luygulamasima gore diisiik gikmistir, 15 kg N da™!' dozu ise birgok arastirmacinin (Saglam, 1999; Gezgin, 2003;

Kacar ve Katkat, 2007) belirttigi gibi bugday i¢in optimum bir dozdur. Gokmen ve ark. (2008), makarnalik

bugdayda iki y1l siireyle yaptiklari bir arastirmada en yiiksek tane verimini her iki yil iginde amonyum nitrat (%33
N) giibresinin 18 kg N/da dozu ile elde etmislerdir.

Cizelge 3. Artan miktarlarda BS ve N uygulamalarinin bugdayda kkbg¢h na etkileri ile ilgili varyans analiz sonuglar

Table 3.Results of variance analysis related to effects increasing amount of CS and N applications on rrcrd of wheat

Azot (kg da?) BS(kg da?) Tekerriir Hastahk Ortalama P degeri
Skalasi Rank
10 0 4 3 2250a 0.0001**
0.5 4 1 16.50 b
1 4 1 16.50 b
2 4 0 6.50 ¢
4 4 0 6.50 ¢
6 4 0 6.50c
Ort. 0.83A
15 0 4 3 20.50 a 0.0001**
0.5 4 3 20.50 a
1 4 1 1250 b
2 4 1 1250 b
4 4 0 4.50c
6 4 0 4.50c
Ort. 1.33B
20 0 4 3 18.50 a 0.0001**
0.5 4 3 18.50 a
1 4 3 18.50 a
2 4 1 10.50 b
4 4 0 4.50c
6 4 0 450c
Ort. 167C

** p<0.01. Ayni siitunda ayni harfle gosterilen degerler arasindaki fark istatistiksel olarak 6nemsizdir.

Uygulama parsellerine bakildiginda(Cizelge 4), parsellerdeki en yiiksek tane verimi (405 kg da') 15 kg N da-
! ve 4 kg BS da! uygulamasindan alinmistir. Bu parsele bitkinin ihtiyac1 kadar N uygulandigindan ve KKBCH
olusmadigindan en yiiksek verim elde edilmistir. En diisiik tane verimi (302 kg da') ise 10 kg N da°
luygulamasindaki BS uygulanmayan ve 0.5 kg BS da! uygulanan parsellerden alinmigtir. Bu parsellerde uygulanan
N dozu bitkinin ihtiyacini karsilayamamus, ayrica bu parsellerde KKBCH gériildiigiinden tane verimi diger
parsellere gore daha diisiik olusmustur.

Bu sonuglara gore de toprak ve bitki analizlerine dayali giibreleme programlarinin yapilmasinin gerekliligi
ortaya ¢ikmaktadir. Bununla birlikte giibre dozlar belirlenirken 6zellikle hedeflenen verimin dikkate alinarak
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giibre uygulamalar1 yapilmalidir. Optimumdan fazla azotlu giibre uygulamasi verim ve kaliteyi disiirdiigl gibi
uygulanan fazla giibre de cevreyeve iilke ekonomisine zarar verebilmektedir.

KKCH’nin durdugu, 10 kg N da! uygulamasinda 2 kg BS da"! dozu, 15 kg N da! ve 20 kg N da’
uygulamalarinda ise 4 kg BS da’! dozuna kadar uygulanan BS dozlan artttkca KKBCHazalmistir (Cizelge 4).
KKBCHazaldik¢a tane verim degerlerinde artiglar meydana gelmistir. Birgok arastirmacinin da (Cook, 1992;
Stubbs et al., 1992; Aktas ve ark., 1999; Hekimhan ve arkadaslari, 2004; Nicol ve ark., 2008) belirttigi gibi,
KKBCH bitkilerde kdk sistemine zarar vererek verimi diisiirmektedir. KKBCH bitkinin kok sisteminden su ve
besin elementi alimini kisitlayici etki yaptigindan bugday bitkisinde tane verim degeri de azalmistir. Fakat
KKBCH tedavi edildik¢e bugday bitkisinin kdk sisteminden su ve besin elementi alimi arttik¢a bugday bitkisinin
gelisimi de artmistir. Bu yiizden tane verimi hastalik siddeti azaldik¢a artmis olabilir.

Cizelge 4. Artan miktarlarda BS ve N uygulamalarinin verim ve verim unsurlari ile KKBCH’na etkileri ve duncan gruplari

Table4.The results of variance analysis regarding the effects of increasing amount of CS and N applications on yield components and
RRCRD. Duncan groups

N BS Tane verimi Hastahk skala  Bitki boyu m?’de basak
(kg dal) (kg da?) (kg da) degerleri (0-7) (cm) sayisl
(adet)
0 302* 3a 49 492
0.5 302 1b 52 595
1 340 1b 54 592
10 2 343 Oc 54 590
4 333 Oc 53 520
6 303 Oc 50 575
Ort. 320B 0.83A 52 B 561
0 340 3a 50 545
0.5 342 3a 51 587
1 360 1b 52 592
15 2 399 1b 53 600
4 405 Oc 55 630
6 398 Oc 55 612
Ort 374 A 1.33B 53 AB 594
0 316 3a 55 547
0.5 321 3a 56 575
1 326 3a 56 575
20 2 340 1b 57 585
4 349 Oc 58 632
6 373 Oc 56 660
Ort. 337B 1.67C 56 A 596

*: Degerler dort tekerriiriin ortalamasidir. Aymi siitunda ayni harfle gosterilen degerler arasindaki fark
istatistiksel olarak 6nemsizdir.
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Artan dozlarda bakir siilfat ve azot uygulamalarinin ekmeklik bugdayda verim ile kok ve kok bogaz ¢iiriikliigii hastaligina etkileri.

Cizelge 4. (Devam)

Table4.(continuation)

N BS Basakta Bin tane agirhg Hasat indeksi  Protein orani (%)
(kg da®) (kg dah) tanesayisi (Adet) (9) (%)
0 24 36.25 48 7.35f
0.5 26 40.00 48 7.41f
1 26 40.00 48 7.52f
10 2 27 40.00 48 9.63 c-f
4 26 40.00 50 9.46 def
6 25 38.75 46 9.51 def
Ort. 26 39.17C 48 A 8.48B
0 21 42.50 45 11.74 a-d
0.5 22 43.75 46 12.76 ab
1 25 42.50 46 9.69 c-f
15 2 26 43.75 43 10.37 b-e
4 28 45.00 43 12.88a
6 27 43.75 43 8.55 ef
Ort. 25 4354 A 44 B 11.00 A
0 26 41.87 44 9.57 c-f
0.5 25 44.37 39 9.69 c-f
1 26 43.12 45 11.40 a-d
20 2 26 42.50 44 11.97 abc
4 25 41.87 41 12.87a
6 26 38.12 44 7.68f
Ort. 26 41.97B 43 B 10.53 A

*: Degerler dort tekerriiriin ortalamasidir. Ayni siitunda ayni harfle gosterilen degerler arasindaki fark
istatistiksel olarak onemsizdir.

Uygulamalarin Kok ve Kok Bogaz Ciiriikliigii Hastali@ina Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugdayda KKBCH’na etkileri ile ilgili varyans analiz
sonuglari Cizelge 3’de, KKBCH na iligkin ortalama degerler ve olusan Duncan gruplari ise Cizelge 4’de verilmistir.

Varyans analizi sonuglarina goére (Cizelge 3) ‘BS x N’ interaksiyonu KKBCH {izerine istatistiki bakimdan %1
diizeyinde 6nemli bulunmustur. KKBCH {izerine ‘BS x N’ interaksiyonunun 6nemli ¢ikmasit KKBCH’nin artan
miktarlarda BS ve N uygulamalarina bagli olarak degistigini gostermektedir.

Cizelge 4’den de goriildiigii gibi, en diisiik KKBCH skala degeri (0) 10 kg N da! uygulamasindaki 2, 4 ve 6
kg BS da! uygulama dozlarindan elde edilmis ve bu parsellerde hastalik goriilmemistir. En yiiksek KKBCH skala
degeri (3) 20 kg N da! uygulamasindaki 0, 0.5 ve 1 kg BS da™! uygulama dozlarinda goriilmiistiir. BS dozlari
arttikca KKBCH skala degerinin azaldigi, N dozu arttikca KKBCH skala degerinin de arttig1 goriilmiistiir. Baz1
aragtiricilarin da (Hoffland ve ark., 2000) bildirdigi gibi, dokuda N konsantrasyonu arttik¢a bitkiler hastaliklara
kars1 dayaniksiz hale gelmektedirler. Aragtirmamizda uygulanan N dozu arttik¢a bitkinin hiicre yapist hizla gelisme
gostermistir. Bu ylizden hizli gelisen hiicre yapist hastaliga karsi hassaslagmis, dolayistyla KKBCH uygulanan N
dozu arttikga etkisini artirmistir. BS uygulamalarinda ise BS uygulama dozu artttkga KKBCH skala degeri
azalmigtir. Bazi arastirmacilarin da (Reis ve ark., 1982; Duffy ve Defag, 1999; Lawrence ve ark., 2007)bildirdigi
gibi, bakir, fungal ve bakteriyel hastaliklarin (kiilleme hari¢) kontroliinde fungisit olarak kullanilmaktadir. Elde
edilen sonuglara gore ekmeklik bugday bitkisinde 4 kg BS da"'dozunda hastaligin durdugu anlagilmistir.

Uygulamalarin Bitki Boyuna Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugdayin bitki boyuna etkileri ile ilgili varyans analiz
sonuglart Cizelge 2°de, bitki boyuna iliskin ortalama degerler ve olusan Duncan gruplar ise Cizelge 4’de
verilmistir. Bugdayda bitki boyuna sadece N uygulamasinin etkisi %1 diizeyinde dnemli ¢ikmistir (Cizelge 2).
Bitki boyu tizerine N uygulamalarinin %1 diizeyinde 6nemli ¢ikmasi bitki boyunun farkli miktarlarda N
uygulamasina bagli olarak degistigini gostermektedir.
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Cizelge 4’den de goriildiigii gibi olusturulan N bloklarindaki, en yiiksek bitki boyu ortalamasi (56 cm) bitkinin
N ihtiyacindan daha fazla N uygulanan 20 kg N da'uygulamasindan, en diisiik bitki boyu ortalamas: ise (52 cm)
bitkinin N ihtiyacindan daha az N uygulanan 10 kg N da'uygulamasindan elde edilmistir.15 kg N da-
luygulamasindan elde edilen bitki boy ortalamasi (53 c¢m) ise diger N uygulamalar arasinda bir degerdir.

Uygulama parsellerine bakildiginda (Cizelge 4), parsellerdeki en yiiksek bitki boyu (58 cm) 20 kg N da™! blogunda
4 kg BS da’! uygulanan parselden elde edilmistir. Burada uygulanan yiiksek N dozu uygulamasi ve KKBCH nin
goriilmemesi bitki boyunun yiiksek olmasini saglamistir. En diisiik bitki boyu (49 ¢cm) 10 kg N da™! blogunda BS
uygulanmayan parselden elde edilmistir. Bu parselde KKBCH goriildiigiinden ve uygulanan N dozu da bitki i¢in
yeterli olmadigindan bitkinin vejetatif aksami yeterince biiyliyememistir. Yapilan benzer ¢alismalarda da (Fageria
ve Baligar, 2005)belirtildigi gibi, N noksanlig1 ¢eken bitkiler yavas biiylimekte ve yaprak alan indeksleri de
azalmaktadir. N fazla verildiginde ise bitkinin vejetatif aksami hizli ve normalden fazla biiyiimektedir. Yapilan
aragtirmalarda da (Stubbs et al., 1992; McMullen ve ark., 1997; Hekimhan ve ark., 2004; Hekimhan ve ark., 2005;
Zhou ve ark., 2006; Anonim, 2016b) bildirildigi gibi, KKBCH bugdayin gelisimini olumsuz yonde etkilemektedir.

Uygulamalarin m?’deki Basak Sayisina Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugdayin m?’deki basak sayisina etkileri ile ilgili varyans
analiz sonuglar1 Cizelge 2°de, m*’deki basak sayisina iliskin ortalama degerler ve olusan Duncan gruplari ise
Cizelge 4°de verilmistir. Uygulamalarin m?’deki basak sayisina etkileri istatistiksel bakimdan énemsiz gikmistir

(Cizelge 2).

m?’deki en yiiksek basak sayis1 (660) 20 kg N da™! ve 6 kg BS da’! uygulanan parselden elde edilmistir(Cizelge
4). Yiiksek N dozu ve KKBCH’nin bu parselde olusmamast m?’deki basak sayisinin yiiksek olmasini saglamustir.
m?’deki en diisiik basak sayis1 (492) ise 10 kg N da™! ve BS uygulanmayan parselden elde edilmistir. Diisiik N
dozu ve KKBCH nin bu parselde olusmas1 m?’deki basak sayisini diisiirmiistiir. KKBCH nimn durdugu 15 kg N da
' ve 20 kg N da' uygulamalarindaki 4 kg BS da' dozlarma kadar uygulanan BS dozlar arttik¢a
KKBCH’ninazaldigi, KKBCH azaldik¢a m?’deki basak sayismmn arttif1 tespit edilmistir. Bazi arastiricilarin da
(Finci, 1979; Stubbs et al., 1992; Hekimhan ve ark., 2005; Lougman ve ark., 2010) bildirdigi gibi, bugdayda
KKBCH bitkinin verim ve verim unsurlarini olumsuz yonde etkilemektedir.

Uygulamalarin Basakta Tane Sayisina Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugdayda bagakta tane sayisina etkileri ile ilgili varyans
analiz sonuglar1 Cizelge 2’de, basakta tane sayisina iligkin ortalama degerler ve olugsan Duncan gruplar ise Cizelge
4’de verilmistir. Uygulamalarin basakta tane sayisina etkileri istatistiksel bakimdan 6nemsiz ¢ikmistir (Cizelge 2).

Uygulama parsellerine bakildiginda (Cizelge 4)basakta en yiiksek tane sayis1 (28) 15 kg N da™!' ve 4 kg BS da
! uygulamasindan alinmistir. Bu parselde, optimum N dozu uygulanmasi ve KKBCH’ nin olugsmamasi bagakta en
yiiksek tane sayisi degerinin almmasini saglamistir. Basakta en diisiik tane sayis1 (21) 15 kg N da! ve BS
uygulanmayan yerden alinmistir. Bu parselde, KKBCH’nin bitki gelisimine olumsuz etki ettiginden basakta en
diisiik tane sayist alinmistir. Ayni sekilde bazi arastiricilar da (McMullen ve ark., 1997; Hekimhan ve ark., 2004;
Hekimhan ve ark., 2005; Zhou ve ark., 2006) KKBCH’nin bugdayda verim ve verim unsurlarini olumsuz
etkiledigini bildirmislerdir.

Uygulamalarin Bin Tane Agirhgina Etkileri

Artan miktarlarda BS ve N uygulamalariin ekmeklik bugdayda bin tane agirligina etkileri ile ilgili varyans
analiz sonuglar1 Cizelge 2°de, bin tane agirligina iligkin ortalama degerler ve olusan Duncan gruplar ise Cizelge
4’de verilmistir. Bugdayda bin tane agirligina sadece N uygulamasinin etkisi %5 diizeyinde dnemli ¢ikmistir
(Cizelge 2). Bin tane agirligi lizerine N uygulamalarinin %S5 diizeyinde dnemli ¢ikmasi bin tane agirliginin farkl
miktarlarda N uygulamasina bagli olarak degistigini gostermektedir.

Cizelge 4’den de goriildiigli gibi, olusturulan N bloklarindaki en diisiik bin tane agirlig1 ortalamasi (39,2 g)
bitkinin N ihtiyacindan daha azN uygulanan10 kg N da* uygulamasindan, en yiiksek bin tane agirlig1 ortalamasi
(43,5 g) optimum N uygulanan15 kg N da? uygulamasindan alinmistir, bitkinin ihtiyacindan daha fazlaN
uygulanan 20 kg N da? uygulamasmdan 6lgiilen bin tane agirhg (42 g) degeri optimum N uygulanan15 kg N da-
! uygulamasindan elde edilen bin tane agirligi degerinden az dl¢iilmiistiir. Baz1 arastirmacilarin da bildirdigi gibi
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(Lopez-Bellido ve ark., 2000; Kacar ve Katkat, 2007) fazla azot dozu bazi verim unsurlar1 ve bin tane agirliginin
azalmasina sebep olmaktadir. Bu durum dengesiz beslenmeden kaynaklanabilir.

Uygulama parsellerine bakildiginda (Cizelge 4), parsellerdeki en yiiksek bin tane agirligi (45 g) 15 kg N da!
ve 4 kg BS da! uygulamasindan alimmstir. Bu parselde, optimum N dozu uygulanmasi ve KKBCH
goriilmediginden en yiiksek bin tane agirligi degerinin alinmasini saglamistir. En diisiik bin tane agirligi (36.25 g)
ise 10 kg N da’! ve BS uygulanmayan parselden alinmigtir. Bu parselde, uygulanan N dozu diisiik oldugundan ve
KKBCH goriildiigiinden en diisiik bin dane agirligi degeri elde edilmistir.

Uygulamalarin Hasat indeksine Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugdayda hasat indeksine etkileri ile ilgili varyans analiz
sonuglart Cizelge 2’de, hasat indeksine iligkin ortalama degerler ve olusan Duncan gruplari ise Cizelge 4’de
verilmistir.

Bugdayda hasat indeksine sadece N uygulamasinin etkisi %5 diizeyinde 6nemli ¢ikmigtir (Cizelge 2). Hasat
indeksi tizerine N uygulamalarinin %5 diizeyinde onemli ¢ikmasi hasat indeksinin farkli miktarlarda N
uygulamasina bagli olarak degistigini gostermektedir.

Azot bloklarinin ortalamasi olarak bakildiginda(Cizelge 4), en yiiksek hasat indeksi ortalamasi (%48) 10 kg N
da! uygulamasindan, en diisiikhasat indeksi ortalamasi (%43) ise 20 kg N da"'uygulamasindan alinmstir, 15 kg N
da!'uygulamasindan ise 6lgiilen hasat indeksi degeri (%44) diger iki uygulama arasinda bir degerdir.

Uygulama parsellerine bakildiginda (Cizelge 4), en yiiksek hasat indeksi (%50) 10 kg N da™! ve 4 kg BS da™!
uygulamasindan alinmistir.Bu parselde, diisiik N dozu uygulanmasindan dolay1 bitkinin vejetatif aksami yeterince
gelisemediginden hasat indeksi degeri yiiksek ¢ikmustir. En diisiik hasat indeksi degeri (%39) ise 20 kg N da! ve
0.5 kg BS da™! uygulamasindan almmustir. Bu parselde uygulanan N dozu yiiksek oldugundan bitkinin vejetatif
aksami daha fazla gelisme goéstermis ve hasat indeksi degeri diisiik ¢ikmistir. Bir¢ok aragtirmacinin da (Gezgin,
2003; Kacar ve Katkat 2007) bildirdigi gibi, genellikle ekmeklik bugdaylara 12-14 kg N da! uygulamasi
onerilmektedir. Bugdayda N noksanlig1 sap ve tane veriminin azalmasina sebep oldugu gibi fazlas1 da biiyiimeyi,
yani sap gelismesini artirarak tane olusumu ile verimin 6nemli diizeyde azalmasina sebep olmaktadir.

Uygulamalarin Tanenin Protein Oranlarina Etkileri

Artan miktarlarda BS ve N uygulamalarinin ekmeklik bugday tanesinde protein oranma etkileri ile ilgili
varyans analiz sonuglar1 Cizelge 2’de, tanede protein oranina iliskin ortalama degerler ve olusan Duncan gruplari
ise Cizelge 4’de verilmistir.

Varyans analizi sonuglaria gore (Cizelge 2) BS ve N uygulamalarinin tanede protein orant {izerine istatistiki
bakimdan %1 diizeyinde 6nemli bulunmustur. Tanede protein orani iizerine BS ve N uygulamalarinin istatistiki
olarak 6nemli ¢ikmasi tanede protein oraninin artan miktarlarda BS ve N uygulamalaria bagli olarak degistigini
gostermektedir. En yiiksek protein orani (%12.88) bitkinin toprak analizi sonuglarina gore ihtiyag duydugu
miktarda, 15 kg N da! dozu ile birlikte 4 kg da*! BS uygulanan parselden alinmistir (Cizelge 4). Bu parselde,
optimum N dozu uygulandigindan ve KKBCH goriilmediginden en yiiksek protein orani elde edilmistir. En diisiik
protein orani ise (%7.35) bitkinin N ihtiyacindan daha az N uygulanan 10 kg N da"! ve BS uygulanmayan parselden
elde edilmistir. Bu parselde, bitkinin ihtiyaci olan N dozundan daha az N uygulamasi yapildigindan bitkinin N
ihtiyaci kargilanamamig ve bu parselde KKBCH’da goriildiigiinden tanede diisiik protein orani elde edilmistir.

Azot bloklarindaki protein ortalamalarina bakildiginda (Cizelge 4), en diisiik protein ortalamas1 (%8.48) 10 kg
N da!' uygulamasindan almmustir. Bu N dozu bitkinin N ihtiyacim karsilayamadigindan en diisiik protein orani
ortalamasi olusmustur. En yiiksek protein ortalamasi (%11.00) ise 15 kg N da™! uygulamasindan alinmistir. 15 kg
N da! uygulamasi bitkinin N ihtiyacim kargilamistir. 20 kg N da™! uygulamasindan alinan protein ortalamasi da
(%10.53) 15 kg N da™! uygulamasina gére diisiik dlgiilmiistiir. Birgok arastirmaci da (Tipples ve ark., 1976; Kacar
ve Katkat 2007) artan dozlarda N uygulamasinin tanede protein oranini artirdigini, ancak fazla N uygulandiginda
ise verim ve verim unsurlar1 degerlerinde gerileme meydana geldigini bildirmislerdir. Diger bir arastirmada da
bugdayda KKBCH nin bitkinin verim unsurlar1 arasinda, bin dane agirligini olumsuz yonde etkiledigi bildirilmistir
(Finci 1979;Stubbs et al., 1992; Wallwork, 2000; Hekimhan ve ark., 2005, Lougman ve ark., 2010).Bu aragtirmaya
benzer yapilan bir arastirmada da Fusariumgraminearum 'u kKapsayan Fusarium tiirlerinin tahillarda neden oldugu
basak yaniklig1 hastalig1 nemli ve yar1 nemli iklimlerde iirlinlerin kalitesini bozarak verimi diisiirdiigii bildirilmistir
(McMullen ve ark., 1997; Hekimhan ve ark., 2004; Zhou ve ark., 2006).
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Sonuc¢

Sonug olarak; Arastirmada uygulanan 10 kg N da’' dozu bitkinin N ihtiyacin1 karsilayamamus, verim ve verim
unsurlar1 istenen diizeyde sonuglar vermemistir. 20 kg N da™! uygulama dozunun ise bitkinin ihtiya¢ duydugu N
miktarindan fazla oldugu anlasilmis ve bu uygulamadan da istenen verim ve verim unsurlari1 degerleri
almamamustir. En yiiksek verim ve verim unsurlar1 degerleri 15 kg N da™! uygulamasindan alinmustir.

Uygulanan N dozu artttkga KKBCH’nin skala degerinde artis meydana gelmis, yani bitkilerde goriilen
KKBCH diizeyi artmistir.

Bugday ireticilerimizin iriinlerinde ekonomik zarar meydana getiren KKBCH ile miicadelede, BS
uygulamalarmm sonuglarmin N uygulamalariyla birlikte arastirildidi ¢alismamizda KKBCH 10 kg N da’!
uygulamasinda 2, 4 ve 6 kg BS da’!, 15 ve 20 kg N da! uygulamalarinda ise 4 ve 6 kg BS da! dozlarinda KKBCH
goriilmemistir. Buradan da bugday bitkisinde 4 kg BS da'! uygulama dozunda KKBCH’nin goriilmedigi
anlagilmistir.

KKBCH 10 kg N da™' uygulamasinda 2 kg BS da’!, 15 ve 20 kg N da! uygulamalarinda ise 4 kg BS da’!
dozlarina kadar uygulanan BS dozlar arttikga azalmistir. Kardeslenme ile sapa kalkma dénemi arasinda 4 kg BS
da! dozunun yeterli su ile KKBCH ile miicadelede piilverizasyonda kullanilabilecegi anlasilmistir. 4 kg BS da™!
uygulamasiyla kontrole gore KKBCH %100 oraninda azaldigi, dolayisiyla hastaligin olusmadigi belirlenmistir.

Bugday ¢esidi ve toprak &zelliklerine gore farklilhik gdstermekle birlikte Sarayonii Ilgesi sulu kosullarinda
ekmeklik bugdayda yiiksek verim ve verim unsurlari elde edebilmek i¢in 15 kg N da™! dozu 6nerilebilir. Daha
kesin oOneriler i¢in farkli tarla ve ekmeklik/makarnalik bugday cesitlerinde farkli N doz ve formlarina iliskin tarla
denemeleri siirdiiriilmelidir.

Ekmeklik bugday iireten iireticilerimize KKBCH ile miicadele i¢in kardeslenme ile sapa kalkma donemi
arasinda 4 kg BS da™! dozunun yeterli ¢ozelti halinde bugday bitkilerine piilverizasyonu tavsiye edilebilir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Effect of Emotional Commitment on Innovative Business Behavior in Agricultural
Enterprises

Tarim Isletmelerinde Duygusal Bagliligi Yenilikgilik Is Davranisina Etkisi
Kemalettin AGIZAN?, Zeki BAYRAMOGLU?

Abstract

The main purpose of this study is to examine the relationship between emotional commitment and innovative
business behavior in agricultural enterprises. In this context, a survey was conducted with 76 agricultural
enterprises operating in Cumra district of Konya province and determined according to stratified random sampling
method. Within the scope of the research, socio-economic characteristics of agricultural enterprises were
determined, and emotional work and innovative business behaviors were graded according to the Likert Question
Scale. The validity and reliability tests of the scales prepared within this scope were performed. Both scales were
found to be highly reliable and Kaiser-Meyer-Olkin (KMO) test showed that both scales were suitable for factor
analysis. As a result of factor analysis, 4 factor dimensions were determined, 2 of which were emotional
commitment and innovative work behavior. Correlation analysis was performed to determine the relationship
between the dimensions obtained. In addition, with Path analysis, the effects of the relationship between the
dimensions were determined and effect degrees were calculated. As a result of the analysis, it was determined that
all other hypotheses were accepted except for the generalized loyalty and task of the individual and the dimensions
of creating support for the idea. According to the results, a policy proposal was made.

Key words: Emotional Commitment, Factor Analysis, Path Analysis, Agricultural Enterprises, Innovative Business Behavior

Oz

Bu ¢alismanin temel amaci tarim isletmelerinde duygusal baglilik ile yenilik¢i is davranisi arasindaki iliskiyi
incelemektedir. Bu kapsamda Konya ili Cumra ilgesinde faaliyet gosteren ve tabakali tesadiifi drnekleme
yontemine gore belirlenen 76 tarim isletmesiyle anket yapilmistir. Aragtirma kapsaminda tarim igletmelerinin
sosyo-ekonomik ozellikleri ortaya konulmus ve duygusal baglilik ile yenilik¢i is davraniglart 5°li likert soru
Olcegine gore dlgeklendirerek puanlandirilmistir. Bu kapsamda hazirlanan 6lgeklerin gegerlilik ve giivenilirlik
testleri yapilmustir. Her iki 6lgeginde giivenirliligi yiiksek diizeyde bulunmus ve Kaiser-Meyer-Olkin (KMO) testi
sonucunda her iki dl¢egin faktor analizi i¢in uygun oldugu belirlenmistir. Faktor analizi sonucunda ise duygusal
baglilik ve yenilik¢i is davranist 2 boyut olmak {izere toplamda 4 faktor boyutlar1 belirlenmistir. Elde edilen
boyutlar arasinda iligski olup olmadigini belirlemek i¢in korelasyon analizi yapilmistir. Ayrica Path analizi ile de
boyutlar arasindaki iligkinin nedenleri ortaya konularak etki dereceleri hesaplanmistir. Yapilan analiz sonucunda
bireyin genellestirilmis sadakati ve gorevi ile fikir i¢in destek yaratma boyutlart diginda diger tiim hipotezlerin
kabul edildigi belirlenmistir. Elde edilen sonuglara goére de politika 6nerisinde bulunulmustur.
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The main objectives of agricultural enterprises are profit, sustainability and social benefit. While the
profit target stands out in the short-term planning of enterprises; in the long term the sustainability is
emphasized. Although there are many factors that affect sustainability in agricultural enterprises, it is important
to use new technologies and to adapt to innovative production activities. As a matter of fact, in many studies,
the importance of using innovative production methods to ensure the sustainability of agricultural enterprises
is mentioned (Yener, 2013). In agriculture, enterprises, there are many economic, social and environmental
factors that affect innovative business behavior, especially psychological in other words personal factors play
an important role. In the studies carried out to date, it has been stated that innovative business behaviors in
agricultural enterprises are generally affected by economic factors such as age and education as well as
demographic factors such as income and capital. (Bayav, 2007; Oztiirk, 2010; Oztiirk and Yal¢in, 2014; Yener,
2017). However, the most important factors that affect decision making in agricultural enterprises are the
psychological behaviors and behaviors of the entrepreneurs. Due to the participation of the managers and
employees in the same position in the agricultural enterprises, the attitudes and behaviors of the managers to
the job will be measured and the loyalty of the managers will be determined. Commitment is generally defined
as affection and loyalty to an individual, organization or institutional structure. (Anonim, 2019). The concept
of commitment is first mentioned by Whyte in 1956 and the literature of commitment is shaped by Becker in
1960 (Kayasandik, 2013). The concept of loyalty has been conceptually differentiated since these years, and
different forms of commitment have emerged in these years. These forms occur in a variety of ways such as
professional commitment, commitment to work, commitment to the work group, commitment to the manager,
commitment to the union, or organizational commitment (Seymen, 2008). The organizational commitment,
which is among the types of loyalty, is focused on the organizational commitment due to the psychological
status of the managers or employees. Organizational commitment has many definitions in the literature and is
generally defined as the individual's willingness to remain in the organization and internalizing itself with that
organization. The establishment of organizational commitment in a business depends on human factors. As a
matter of fact, the importance of human resources is high in agricultural enterprises to continue their production
activities successfully and sustainability. Because in these periods when physical and monetary factors are
changing very rapidly, one of the most important conditions of sustainable competition is the effective use of
human resources. With the effective use of human resources in agricultural enterprises, organizational
commitment will increase. In terms of organizational commitment, there are three different classifications in
the literature, the most important being emotional commitment the degree of emotional commitment indicates
the degree of integration or convergence of the business manager to the enterprise. The business manager with
this attitude and behavior develops a sense of belonging and can work in line with the objectives and objectives
of his business. This is the most desired type of loyalty in the business because of the desire of the business
managers with high sense of desire to attend and continue to the business. Therefore, emotional commitment
is emphasized within the scope of the study With the increase of emotional loyalty, the performance of the
employees in the industry, service and construction sectors will increase and thus the profitability of the
enterprises will increase as the labor productivity increases. However, there is a possibility of business
managers having an emotional commitment in agricultural enterprises, which may affect the achievements of
enterprises negatively. In fact, the managers of agricultural enterprises have the emotional commitment to lead
them to move away from innovative production approaches. Because psychological factors such as
commitment to the land brought by emotional commitment suppress the use of innovative means of production
in production. For this reason, determining the effect of emotional commitment on innovative business
behaviors in agricultural enterprises constitutes the main purpose of the study. When the international and
national studies are examined for this purpose, it is seen that there is no study on the emotional commitment in
agricultural enterprises. There is some evidence that emotional commitment, in the studies on social sciences,
develops innovative work behavior (Cekmecelioglu, 2006; Demirel, 2009; Giirsel and Erdz, 2017). In this
context, the theoretical explanation of the emotional commitment in the agricultural sector is made and the
effect of all aspects of emotional commitment, which is a component of organizational commitment, on
innovation business behavior was investigated.

Theoretical Framework

Emotional Commitment

Emotional commitment is considerably debated in the literature and has many definitions. With the
most general definition, emotional commitment is defined as the emotional closeness to the job opportunities
and positions of the people (Allen and Meyer, 1990). In addition, individual and organizational effort in
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emotional commitment is intermingled and expresses the synergy between employees and employers (Wiener,
1982). According to another definition, emotional commitment is seen as the success of the employees'
willingness to stay in the business they work in and the tasks they undertake (DeCotiis and Summers, 1987).
As it is understood from these definitions, the most important type of commitment that employers want to see
in the employees is emotional commitment. As a matter of fact, a strong emotional commitment will increase
the productivity of the employees and complement their operations in line with the objectives of the enterprise
(Porter Steers Mowday Boulian, 1974).

When the studies carried out to date are examined, a relationship has been found between emotional
commitment and many socio-economic characteristics. For example; One study found no relationship between
age and emotional commitment (Kabiraj Walke Yousaf, 2014), but a positive relationship was found in other
studies (Meyer and Allen, 1984; Mathieu and Zajac, 1990; Wang Weng McEIroy Ashkanasy Lievens, 2014).
Again, there are different results between gender and emotional commitment, while in some studies there is a
higher emotional commitment in women, while in some studies there is no significant relationship (Mathieu
and Zajac, 1990; Kacmar Carlson Brymer, 1999; Madison Ward Royalty, 2012). In addition, the work done
with emotional commitment is usually tourism (Coleman Irving Cooper, 1999; Yal¢m and Iplik, 2005;
Namasivayam and Zhao, 2007; Agca and Ertan, 2008; Karatepe and Magaji, 2008; Karatepe and Kilic, 2009),
public staff (Lambert Pasupulet iCluse-Tolar Jennings Baker, 2006) in the textile and automotive sector
(Giirbiiz, 2006), in the health sector (Demirel and Akga, 2008; Benligiray and S6nmez, 2011), households
(Zhang Griffeth Fried, 2012) and family companies (Memili Zellweger Fang, 2013). As it is seen in the
literature review, the fact that there is no study related to an inclusive emotional commitment of the agricultural
sector increases the specificity of the study.

Innovative Business Behavior

Innovative business behavior is the attitude that is necessary to create useful thinking for businesses
and to ensure the applicability of this idea (Citak, 2017). Attention should be paid to the need for innovative
business behavior to include both creativity and innovative processes. As a matter of fact, this process, which
starts with the discovery of this idea, requires the creation of added value. So many definitions have been done
for this concept in many studies performed to date. In this context, innovative business behavior is all individual
efforts to develop and implement an innovation in any business (West and Farr, 1989). These individual efforts
include, for example, the use of new methods and technologies, the creation of resources and identification of
new strategies. According to another definition, innovative business behavior is defined as defining the
problems in the enterprises, developing the appropriate strategies, creating infrastructures and applying the
ideas as a result (Scott and Bruce, 1994). When the literature on innovative business behavior is examined, it
is seen that there is a positive relationship between the business performance of managers and employees and
the success of the enterprise. As a matter of fact, this situation has been revealed in many studies. (Chang and
Liu, 2008; Akkog¢ Turung Caliskan, 2011; Hannemann-WeberKessel Budych Schultz, 2011; Erdogan and
Giines, 2013). In addition, it has been shown that innovative business behaviors in enterprises reduce operating
costs and that innovations should be applied in this direction (Schimansky, 2014).

Material and Methods

Research Universe and Sampling

Because of 80.7's% of Turkey's agricultural enterprises under 100 decares and 99% of the agricultural
enterprises under 500 hectares %99 of the enterprises is defined as small business according to international
standards. Due to the nature of small-scale enterprises, employers and employees are generally the same person;
there is no distinction between employer and employee within the scope of the study. Therefore, survey is
conducted with the agricultural entrepreneurs in the study. The surveyed area is determined as the purpose of
Cumra district of Konya province. In the study, stratified random sampling method is used as the coefficient
of variation in the sampling from the main frame is more than 33% and 76 sample enterprises are interviewed
with a 5% error margin within the 90% confidence limits. The following formula is used in sample
determination (Yamane, 1967; Oguz and Karakayaci, 2017).

Research Hypotheses

These issues should be studied since the adoption of innovations in agriculture enterprises and the
implementation period is long. For this reason, it is aimed to determine the degree and direction of the
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relationship between the emotional commitment of business manager in the spread of innovative business
behavior in agricultural enterprises. The hypotheses to be tested in this study for this purpose are given below.

Hi= There is a significant relationship between identifying the identity of the individual with the
organization and creating support for the idea.

H>= There is a significant relationship between identifying the identity of the individual with the
organization and awareness and idea creation.

Hs= There is a significant relationship between the generalized loyalty and task of the individual and
the creation of support for the idea.

H4= There is a significant relationship between the generalized loyalty and task of the individual and
awareness and idea creation.

Data Analysis

The reliability and validity tests of the scales used with the data sets have been done which obtained
by the scope of the study. Reliability tests generally show whether the results of the institutional structure are
correct, and that the results of the measurements are objective results. According to the results of this test, it is
foreseen that the scale which formed by as a result of institutional structure can be applied in agriculture or not.
In addition, the reliability test shows how accurate the scale is and its productivity (Cakmur, 2012). Although
there is a lot of reliability analysis in the literature, Cronbach’s alpha value is used especially on likert type
scales. This value, which is a reliability index, takes into account the compatibility of the items in the scale and
gives the degree of the relationship between these substances (Sencan, 2005; Cakmur, 2012).

However, a valid test as well as a reliable test, a reliable scale may not be reliable. Therefore, it is
necessary to determine a scale valid or not. In literature, maximum factor analysis is used to test the structural
valid. Factor analysis is defined as subdividing multiple variables in order to facilitate to understand them. In
this study, factor analysis is performed on both scales in order to determine the effect of emotional commitment
on innovative business behavior. According to the factor analysis, 4 factor dimensions are determined in total
for two scales under 2 factor dimensions and correlation analysis is performed to determine the degree of
bilateral changes between the dimensions. Path analysis is performed to determine causality among these factor
dimensions.

Research Results

Validity and Reliability Tests of the Scales

Within the scope of the research, a total of 76 agricultural enterprises were surveyed and it was aimed
to determine the relationship between emotional commitment and innovative business behaviors. For this
purpose, the 5-point Likert scale is used to determine the relationship, and the emotional commitment and
innovative work behaviors of the agricultural business managers are scaled. In this context, reliability tests are
conducted to determine whether both the emotional commitment and the scales of innovative business
behaviors are suitable for the study. Within the scope of the study, the scale prepared by Allen Meyer (1990)
is used as emotional commitment scale and the Cronbach’s Alpha value of the scale is determined 0.863.
Cronbach's alpha value is the weighted change average which obtained by the ratio of variances of substances
in scale to the total variance. (Ozdamar, 2001). Cronbach's Alpha basically shows the total reliability of that
survey for all questions. If this value is greater than 0.8, it is known that the survey has high reliability (Kalayci,
2010). In other studies, Cronbach’s Alpha is determined as 0.924 (Dingel, 2012). Another scale in the study,
the innovative work behavior scale, is prepared by Scott and Bruce (1994) and the Cronbach’s Alpha value of
this scale is determined as 0.941. This value is greater than 0.9 indicates that the survey questions has excellent
reliability. In other studies, Cronbach's Alpha value is determined as 0.935 (Orhan, 2012).

Kaiser-Meyer-Olkin (KMO) test should be performed before factor analysis. The KMO test shows
whether the observation values obtained as a result of the survey study are sufficient. If the result of the KMO
test is above 0.50, it is not a drawback in the fact that factor analysis is performed; in contrast it is mentioned
that data for factor analysis are not suitable. Within the scope of the study, KMO and Bartlett test results of
both scales are given in Table 1. Accordingly, it is seen that sampling adequacy is appropriate in both scales.
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In addition, it is observed that the data is normally distributed as the significance level of the Bartlett's test is

less than 1% on both scales.

Table 1. Emotional Commitment and Innovative Business Behavior KMO and Bartlett Test

Kaiser-Meyer-Olkin (KMO) Value for Sampling Capability 0.845 0.928

Bartlett's Sphericity Test Results Chi-Square Value 396.699 922.534
Degree of Freedom (df) 55 120
Significance Value (Sig.) 0.000 0.000

In Table 2, after the factor analysis, the emotional dependence scale is reduced to 2 dimensions in
order to better understand it. In determining these two dimensions, the study of Wiener in 1982 is taken into
consideration. In his study in 1982, Wiener stated that the basis of the organizational commitment is the
individual's self-determination with organization and the generalized loyalty of the individual (Wiener, 1982).
This is also stated by Meyer Allen (1991) that they form the basis of their normative commitment. The power
of these factor dimensions to explain emotional commitment was determined as 58.93%.

Table 2. Emotional Commitment Scale Factor Structure and Reliability Coefficient

— 1 work in the enterprise myself and love it very much. 0.842 35.15 Cronbach’s Alpha
N I love doing my job. 0.797 (0.852)
§ g . It makes me happy to spend the rest of my career in the 0.753
32 5 company I'm working with.
23 g | like the employees and family members. 0.753
- 2 g I really feel the problems of this enterprise like my own 0.665
S =D
5% 5 prqblems. _ _
E=o This enterprise has a very personal meaning for me. 0.658
s | proudly talk about my enterprise to the people outside. 0.538
B | have a lot of work choice, but I still work here. 0.396
® _ | perceive the problems facing the enterprise as my own 0.863 23.78 Cronbach’s Alpha
= %’ %‘g § problems. (0.732)
g 2 g =3 The values that | car for enterprise are very similar to my 0.831
3 =8°¢8 values.

| feel "emotionally connected" to my enterprise. 0.626

Total Variance Explained 58.931 0.863

In Table 3, there are 16 items related to innovative work behavior and it is reduced to 2 dimensions in
order to be easy to explain. The first of these dimensions is “Creating Support for the Idea” and this dimension
has been prepared by taking into account the studies such as (Scott and Bruce, 1994; Janssen, 2000; De Jong
and Den Hartog, 2010). The second dimension is called “Awareness and Idea Formation” and at this point
studies such as (Kanter, 1988; Scott and Bruce, 1994; Janssen, 2000; Kleysen and Street, 2001; De Jong and
Den Hartog, 2010) are considered. As a result of the factor analysis, the variance rate of these 2 dimensions,
which has the explanatory power of innovative work behavior, is calculated as 67.25%.

Table 3. Innovative Business Behavior Scale Factor Structure and Reliability Coefficient

© | try to find original solutions for problems. 0.879 36.16 Cronbach’s
S | product new ideas. 0.847 Alpha
5 I provide all kinds of support for innovative ideas. 0.841 (0.925)
pe | seek support for the acceptance of innovative ideas. 0.741
§ | ensure the important members of the organization are being excited about innovative 0.732
3 ideas.
(gn | try to persuade others to support innovative ideas. 0.687
= | implement innovative ideas in a systematic way while doing business. 0.675
8 | contribute to the fulfillment, processing or implementation of new ideas. 0.674

| endeavor to develop something new at the stage of implementation. 0.496
* | endeavor to research new products and services. 0.831 31.08 Cronbach’s
é § ¢ Although 1 am not a part of my daily work, I am indirectly interested in issues that 0.817 Alpha
g = ©_may affect my work. (0.906)
5: S ¢ 1 look for opportunities to develop something. 0.796

I think about what kind of innovative opportunities may be. 0.757
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| wonder how to develop something. 0.721
| investigate new working methods, techniques or instruments / tools for my work. 0.714
| implement innovative ideas in a useful way. 0.593
Total Variance Explained 67.25 0.941

Correlation Analysis

The results of the factor analysis revealed that the emotional commitment and innovative work
behavior scales are reduced to two dimensions, and the correlation analysis is performed to determine the
degree and direction of the change in the relationship between the dimensions. It is known in the correlation
analysis which direction and how independent variables will affect the dependent variable. As a result of the
analysis, the correlation coefficient between the identity of the individual and the generalized loyalty and task
of the individual is calculated to be 0.51 (Table 4). Since the sign of the coefficient is positive, it can be said
that there is a linear relationship. It is seen that there is a linear relationship between the identity of the
individual with the organization and the dimensions of creating support for the idea at %1 importance level.
Likewise, it is seen that there is a strong, positive and meaningful relationship between the identifying the
identity of the individual with the organization and the dimension of awareness and creation idea. Between
dimensions, because of just the generalized loyalty of the induvial and create support for idea with the task
dimension has acceptable level of significance in social science, there is no significant relationship is
determined. This situation is also confirmed by Path analysis.

Table 4. Correlation Between Emotional Commitment Dimensions and Innovative Business Behavior Dimensions

Identifying the identity Generalized Creating Awareness
of the individual with loyalty and duty Support for and Idea
the organization of the individual the Idea Creation
Identifying the identity  Pearson Correlation 1 .510 487 .674
of the individual with Significance Level 0.000 0.000 00.000
the organization Number of Observations(N) 76 76 76 76
Generalized loyalty Pearson Correlation .510 1 0.161 .334
and duty of the Significance Level 0.000 0.166 0.003
individual. Number of Observations(N) 76 76 76 76
Creating support for Pearson Correlation 487 0.161 1 .678
the idea Significance Level 0.000 0.166 0.000
Number of Observations(N) 76 76 76 76
Awareness and ldea Pearson Correlation .674 .334 .678 1
Creation Significance Level 0.000 0.003 0.000
Number of Observations(N) 76 76 76 76

Path Analysis

Correlation analysis is only important in determining the direction and the direction of the relationship
of dimensions, while the first step of the structural equation model path (path) analysis is important in terms of
the causality between the variables and the degree of effectiveness. By using correlation analysis we can just
determine the direction and the degree of relationship belongs to dimensions; but with path analysis which is
the first step of the structural equation model is important in terms of the causality between the variables and
the degree of effectiveness. In addition, with this analysis, it is also possible to determine the indirect and direct
effects of independent variables on dependent variables. When evaluated in this respect, path analysis provides
significant advantages to the researcher. Before the path analysis factor loads are determined with factor
analysis and statistical analysis is made by taking them into the model. In fact, path analysis is an extension of
regression and is an important analysis to reveal the relationship between multiple dependent variables and
independent Variables (Figure 1).
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Creating support for the idea

Identifying the identity of
the individual with the organization

Generalized loyalty and duty of @
the individual.

1

Awareness and |ldea Creation

Figure 1. Path Model

The Chi-square value of the model is determined as 3.019 in the path analysis and it is determined
that the model fits the data since the significance level is greater than 5%. As a result of the analysis, the results
of the model should be compared with some index values. These indices are expressed as path analysis fit
indices (Albright and Park, 2009).

The normal, acceptable and analysis values of these compliance indices are given in Table 5.
Accordingly, itis decided whether the model's t-test result is accepted; the value of p is taken into consideration.
At the end of the analysis, p value is determined as 0.082 and value is accepted because it is above the normal
value. When the results of the analysis obtained from the model are compared with the other fit indices, it is
seen that all the index results are consistent.

Table 5. Path Analysis Compliance Indices

¥ “p” Degeri p>0.05 - 0.082
$lsd <2 <5 3.01
GFI >0.95 >0.90 0.98
AGFI >0.95 >0.90 0.90

CFI >0.95 >0.90 0.94
RMSEA <0.05 <0.08 0.06
RMR <0.05 <0.08 0.04

Resource: Kalayci (2010)

In Table 6, the values of the estimation and significance level of the model are commented. The
identification of the individual's identity with the organization affects the creation of support for the idea
according to their importance level. Here, a unitary change in the identification of the individual's identity with
the organization leads to an increase of 0.296 units in creating support for the idea. Likewise, as a result of a
one-unit increase in the identification of the identity of the individual with the organization, there will be an
increase of 0.539 units in raising awareness and idea. The last meaningful relationship is between the
generalized loyalty and task dimension of the individual and the dimension of awareness and idea formation.
As a matter of fact, it is estimated that a one-unit increase in the generalized loyalty of the individual will
increase the awareness and the idea to increase by 0.302. No significant relationship was found between support
creation for the idea and the generalized loyalty and task of the individual. A similar result was found in the
correlation analysis and both analyzes support each other.

Table 6. Path Analysis Regression Weights
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Creating support for the <---  ldentifying the identity of the 0.296 0.11 2.684 0.007 Accepted
idea individual with the organization.

Awareness and ldea <---  ldentifying the identity of the 0.539 0.091 5.927 0.000 Accepted
Creation individual with the organization.

Awareness and ldea <---  Generalized loyalty and duty of the 0.302 0.091 3.319 0.000 Accepted
Creation individual.

Creating support for the <---  Generalized loyalty and duty of the -0.034 0.11 -0.306 0.760 Rejected

idea

individual.

Conclusion

In today's competitive conditions, the most important production factor of a enterprise is human. Of
course, it is not possible to install and operate a production unit without the human factor. For this reason, the
most important requirement for production is the people's ability to work, who are qualified as labor force or
labor force. In addition to the actual power, this ability is also classified as mental and heart power. Heart
power, which is among of these powers, mention the commitment to enterprise and to work of a human.
Agricultural entrepreneurs have an emotional commitment to their businesses thanks to the heart power they
have. For this reason, the effect of the emotional commitment which agricultural entrepreneurs have, on
innovative business behavior which is one of the most important functions of sustainable competition is
examined within the scope of the study.

3 of the 4 hypotheses established within the scope of the study are accepted and according to the
results it is determined that if the commitment of the agricultural entrepreneurs increase “who provides the
production of the basic raw material for the nutrition” it will increase the efficiency, productivity and
performance of the enterprise. And thus, increasing the profitability. As a matter of fact, according to the results
obtained, as the emotional commitment increases, the possibility of adopting innovative business behaviors
will increase. According to this, the technology that will be used in order to get more efficiency from the unit
area or the unit animal will be used, and the productivity of the production factors will be increased.

As a result, emotional commitment, which is one of the most important factors affecting innovative
business behavior, is closely related to the personal characteristics of individuals. In addition to the technical
or vocational trainings of agricultural business managers on this subject, it is also necessary to invest in people
in order to achieve efficiency by applying an education system for the attitudes and behaviors of individuals.
After realizing this investment, giving vocational training information and giving power of representation is
important for the sustainability of enterprises.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Laboratuvar Kosullarinda Tetranychus urticae Koch ve Aver Akar Phytoseiulus persimilis
Athias-Henriot 'e Baz1 Pestisitlerin Etkilerinin incelenmesi

Effects of Some Pesticides on Tetranychus urticae and Predatory Mite Phytoseiulus persimilis
in Laboratory Conditions

Mustafa Hakan BALCI® Mehmet Ali INANICI'® Recep AY*

Oz

Iki noktali kirmiz1 ériimcek Tetranychus urticae Koch ortiialtt sebzelerinde, siis bitkilerinde ve birgok meyvede
anahtar zararlidir. Ureticiler bu tiirii kontrol etmede genelikle kimyasal svasim tercih etmektedirler. Ancak bu tiir
sahip oldugu biyolojik 6zelikleri nedeniyle birgok ilaca direng gelistimektedir. Bu nedenle bu tiiriin kontroliinde
biyolojik savag veya entegre savagim yontemi 6nerilmektedir. Bu ¢aligmada bazi pestisitlerin Tetranychus urticae
ve Phytoseiulus persimilis Athias-Henriot 'e etkileri incelenmistir. Calismada etoxazole, bifenthrin, cyromazine ve
acequinocy! aktif maddelerine sahip ilaclar kullanilmustir. Tlaglar her iki akar tiiriine de tarla uygulama dozunda
larva ve ergin donemlerine petri kabi-ilaglama kulesi yontemi ile uygulanmugtir. Elde edilen verilerden
yararlanarak ilaglarin etkisi Abbott formiiliine gore hesaplanmistir. Farkli aktif maddeye sahip ilaglarin T. urticae
ve P. persimilis’e kars1 etkileri karsilastirilmistir. Elde edilen sonuglara gére bifenthrin ve acequinocyl T. urticae
ve P. persimilis’in her iki donemine de %90-100 arasinda etki gostermistir. Etoxazole ve cyromazine ise P.
persimilis'nin her iki doneminde %90' in tizerinde 6lim meydana getirmistir. Etoxazole uygulanan T. urticae
larvalarinda %100 oraninda 6liim gozlenirken, T. urticae'nin her iki déneminde de cyromazine'in 6nemli bir etkisi
olmamustir.

Anahtar Kelimeler: Tetranychus urticae, Phytoseiulus persimilis, yan etki, cyromazine, etoxazole, bifenthrin, acequinocyl

Abstract

The two-spotted spider mite, Tetranychus urticae Koch is key pest in greenhouse vegetables, ornamental plants
and many fruits. Farmers generally prefer chemical control to suppress this species. However, due to its biological
properties, resistance to many pesticides develops For this reason, biological control or integrated control method
are recommended for suppress of this species. In this study, the effects of some pesticides against Tetranychus
urticae and Phytoseiulus persimilis was investigated. Pesticides having active ingredients such as etoxazole,
bifenthrin, cyromazine, acequinocyl were used. Recomended dosages of all pesticides were applied to larvae and
adult of both mite species by petri dish spray tower method. According to the mortality data, the effect of the
pesticides was calculated using the Abbott formula. Effect of the pesticides having various active agents on T.
urticae and P. persimilis were compared regarding their efficiency. According to the results, bifenthrin and
acequinocyl showed efficiency between 90-100% on both life stages of T. urticae and P. persimilis. Etoxazole and
cyromazine caused more than 90% in both life stages of P. persimilis to die. While 100% mortality was observed
in T. urticae larvae treated with etoxazole, cyromazine had no significant effect on both stages of T. urticae.

Key Words: Tetranychus urticae, Phytoseiulus persimilis, side effect, cyromazine, etoxazole, bifenthrin, acequinocyl
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Extendend Summary

Tetranychus urticae is one of the most important pests in many agricultural production areas (Helle
and Sabelis, 1985; Duchovskiené et al., 2009). Common methods for controlling this pest are cultural,
chemical and biological methods (Powell and Lindquist, 1997; Bethke et al., 2001; Attia et al., 2013). Chemical
applications are still the most extensively used method for this pest, but these chemicals can be side effect to
the environment, crops and human (Nicastro et al., 2010; Meyer et al., 2009; Marsaro Junior et al., 2012; Maciel
et al., 2019). T. urticae develops resistance to pesticides because of repeated and non-selective pesticide
applications; hence its outbreaks are seen often (Helle and Sabelis, 1985; Duchovskiené et al., 2009).
Biological and chemical control methods are two important parts of integrated pest management, so the use of
pesticides must be combine with other control methods. Most insecticides with different chemical classes have
a broad mechanism of action, hence they affect the predator as well as the prey (Croft, 1990; Talebi et al.,
2008). Phytoseiulus persimilis is one of the most important phytoseid species known to be a very effective
biological control agent to many mite species (Helle and Sabelis, 1985; Alipour et al., 2016; Maleknia et al.,
2016; Fathipour et al., 2017). P. persimilis is known as the key predaor mite to control against to T. urticae
which causes damage in many agricultural crops (Helle and Sabelis, 1985; Duso et al., 2008). This species has
atype 1 lifestyle and is only feeds by spider mites that produce webs (McMurtry et al., 2013; Fathipour et al.,
2017). P. persimilis is found naturally in Mediterranean region; however commercial strains are used in
vegetables, ornamentals and other plants around the world (McMurtry and Croft, 1997; Gerson and Weintraub,
2007; Duso et al., 2008).

In this study, the effects of some pesticides on T. urticae and predator mite P. persimilis were
investigated. Predator mites are known to play an effective role in the combat against spider mites, so it is
desirable that the pesticides used in such cases be specific to the pest and have no side effects to the predator.
Etoxazole, bifenthrin, cyromazine and acequinocyl were used in this study. Insecticides were applied to the
larval and adult stages of both mites by field application dose by using petri dish-spray tower method. The
bean leaf disc with a diameter of 4 cm was placed on the wet cotton in 9 cm diameter petri. Following this, 25
adult or 0-24 hours larvae were transferred to each petri dishes and 2 ml pesticide was applied at 1 atm pressure
with spraying tower. Mortality were evaluated 3 days after spraying in adult trials and 5 days after larval trials.
Using the data obtained, the effects of pesticides on different mite populations was evaluated according to
Abbot (1925). The effects of pesticides on P. persimilis individuals are classified according to the (Hassan
1992 and Sterk et al., 1999) classification.

As a result of the study, etoxazole was effective on larvae of T. urticae, while it was not effective on
adult stage. Etoxazole was effective in both periods of P. perisimilis, so etoxazole was classified as harmful to
P. persimilis according to IOBC classification. Acequinocyl was effective on both larvae and adult stage of T.
urticae. Acequinocyl was moderately effective in both periods of P. perisimilis therefore, according to IOBC
classification, acequinocyl was classified as moderately harmful to P. persimilis. Bifenthrin was effective on
both larvae and adult stage of T. urticae. Bifenthrin was effective in the adult period of P. perisimilis and
moderately effective in the larval period. According to the IOBC classification bifenthrin was classified as
harmful adult stage of P. persimilis while it was moderately harmful group for the larval period of P. persimilis.
Cyromazine was ineffective in both adults and larvae of T. urticae. It was moderately effective in adult stages
of P. perisimilis but it was effective in larval stage of P. persimilis. According to the IOBC classification,
cyromazine was moderately harmful on adult stages of P. persimilis while it was classified as harmful larval
stages of P. persimilis.
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iki noktali kirmizi1 driimeek Tetranychus urticae Koch (Acari. Tetranychidae) bitkilerde zararli ve
polifag bir zararli tiir olup igerisinde toksik bilesik tireten bitkilerinde dahil oldugu 140'dan fazla bitki
familyasina ait 1100'den fazla bitki tizerinde beslenir (Grbic ve ark., 2011). Bu akar hem sera hem tarla
iiretiminde tek yillik ve gok yillik bitkilere zarar veren baslica zararlilardan birisidir (Grbic ve ark., 2011). Bu
fitofag tiir yiiksek sicaklik ve diisiik nispi nem kosullarinda gelisir ve popiilasyonlari hizli bir biiylime gosterir
(Hussey ve Scopes, 1985; Numa ve ark., 2015). Bu akarlar riizgarla dagilmalarinin yani sira giysilerle ve bitki
tizerinde kullanilan ekipmanlarla da taginir (Hussey ve Scopes, 1985; Numa ve ark., 2015). T. urticae larva
doéneminden ergin déneme kadar yapraklarin alt yiizeylerinde beslenmeyi tercih eder (Jhonson ve Lyon, 1991;
Attia ve ark., 2013). Eger sayilar1 ekonomik zarar esiginin altinda tutulmaz ise bu akarlar sadece
beslenmeleriyle degil aymi zamanda bitki patojenlerini tasiyarak da bitkisel iretimde ciddi bir tehdit
olusturabilirler (Jeppson ve ark., 1975; Gyuris ve ark., 2018). Geleneksel olarak bu akarlarin kontroliinde
akarisitler kullanilir (Heinz ve ark., 2004). Ancak bu kimyasallara karsi hizli bir sekilde direng
gelistirebilmektedirler (Kropczynska ve Tomczyk, 1966; Sarwar, 2013). Akarlar omurgasiz zararhlar arasinda
insektisitlere direng gelistirme potansiyeli yliksek canlilar olarak bilinirler (Whalon ve ark., 2014; Van
Leeuwen ve ark., 2015). Akarlarin kisa yasam dongiileri ve yliksek tireme kapasiteleri nedeniyle, kontrollerinde
sik sik akarisit kullanilir ki bu sebeple de akarisitlere hizli bir sekilde direng gelistirmeleri s6z konusudur
(reviewed in Van Leeuwen ve ark., 2010; Van Leeuwen ve ark., 2015).

Phytoseiulus persimilis Athias-Henriot (Acari:Phytoseiidae) gibi avei akarlarin biyolojik kontrol ajani
olarak kullanilmasi, zararli yonetiminde pestisitlerin kullanilmasina alternatif olan giivenli yontemlerden biri
olarak goziikmektedir (Bliimel ve Walzer, 2002; Skirvin ve ark., 2002; Bresch ve ark., 2015). P. persimilis
cesitli akarlarin etkili bir biyolojik kontrol ajani olarak bilinen en 6nemli phytoseid tiirlerinden birisidir (Helle
ve Sabelis, 1985; Alipour ve ark., 2016; Maleknia ve ark., 2016; Fathipour ve ark., 2017). P. persimilis yiiksek
avlanma kapasitesi (Chacon-Hernandez ve ark., 2017; Chacén-Hernandez ve ark., 2018) ve yiiksek popiilasyon
artig oranina sahip olmasi nedeniyle Tetranychus urticae popiilasyonlarint hizli bir sekilde azaltmasiyla bilinen
en etkili olan tiirlerdendir (Escudero ve Ferragut, 2005; Chacon-Hernandez ve ark., 2018) . Bu avci akarlar
type 1 yasam sitiline sahiptir ve yalnizca ag iireten akarlar ile beslenirler (McMurtry ve ark., 2013; Fathipour
ve ark., 2017). P. persimilis akarlar1 kontrol etme yetenegi sayesinde birgok ticari biyolojik kontrol sirketi
tarafindan kitle halinde iiretilip satilmaktadir (McMurtry ve ark., 2013; Fathipour ve ark., 2017).

Yukarida da bahsedildigi tiizere kullanilan tarim ilaglarina karsi zararli akarlar direng
kazanabilmektedir. Ilag kullamilan alanlarda zararli popiilasyonunun yani sira yararli akarlarda
bulunabilmektedir. Avci akarlar kirmizi 6riimecek miicadelesinde etkili bir rol oynadigi igin kullanilan ilacin
zararli akar tiirline spesifik olmasi ve yararl tiirlere kars1 yan etkisinin bulunmamasi gereklidir. Bu ¢aligmada
bazi aktif maddelerin T. urticae ve avci akar P. persimilis tizerine etkileri arastirilmustir.

Materyal ve Yontem

Materyal

Bu ¢aligmada ana materyal olarak Tetranychus urticae, Phytoseiulus. persimilis ve konukgu bitki olarak
barbunya (Phaseolus vulgaris L.) ve Integrated Pest Management (IPM) kurallar1 ¢ercevesinde onerilen aktif
maddesi; acequinocyl (Kanemite SC), etoxazole (Zoom 10 SC), cyromazine (Bestgard 75 WP) ve bifenthrin
(Omstar 100 EC) olan ruhsath akarisit, insektisit ve insektisit - akarisitler kullanmilmistir. Akar {iretiminde
kullanilacak olan 10 cm boyunda, 15 cm ¢apindaki saksilarda iiretilen barbunya bitkileri hastalik ve zararlilardan
armdirilmig olarak iklim odalarinda yetistirilmistir. Kullanilan T. urticae'nin hassas popiilasyonu (German
Susceptible Strain, (GSS) 2001 yilinda Isparta Uygulamali Bilimler Universitesi (ISUBU), Ziraat Fakiiltesi, Bitki
Koruma Béliimiine Rothamstad Experimental Station (Ingiltere)’den getirtilmis ve herhangi bir pestisit
uygulamasi yapilmaksizin iiretimleri (261 °C’de %60+5 orantili nemde, 16:8 aydinlik:karanlik kosullara sahip
akar yetistirme kabinlerinde) devam ettirilmistir. P. persimilis popiilayonu 2008 yilinda Ankara Universitesinden
saglanmigtir, 2008 yilindan itibaren de ISUBU Ziraat Fakiiltesi Bitki Koruma Béliimii’'nde ilagsiz ortamda
yetistirilmektedir. P. persimilis popiilasyonu; 26+2 °C sicaklik, %55-65 nem ve 16-8 saat aydinlik:karanlik
kosullarinda iklim odalarinda barbunya bitkileri tizerinde tiretilmis, P. persimilis popiilasyonlarina diizenli olarak
T. urticae verilerek beslenmeleri saglanmistir.
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Yontem

Biyoassay denemeleri

Tlaclarin larva dénemine uygulanmas. Pestisitlerin uygulanmasinda Ay (2005)’den alinan ilaglama
kulesi —petri kabi yontemi kullanilmustir. Akarlarin ilag uygulamasi ve uygulama sonrasi etkilerinin
izlenebilmesi i¢in 9 cm ¢apinda plastik petri kaplar1 kullanilmistir. Denemelerde kullanilacak olan ayni dénem
bireyleri elde etmek amaciyla 9 cm ¢apindaki petrilere 1slatilmis pamuklar ve tizerlerine 4 cm ¢apinda barbunya
yapraklari alt yiizeyi iistte olacak bigimde konulmustur. Bu yapraklarin tizerine ayni donem larvalari elde etmek
icin 10 adet ergin disi bireyler aktarilmis ve 24 saat sonra disi bireyler uzaklagtirllmigtir. Birakmigs olduklari
yumurtalar her giin gézlenerek larva ¢ikis1 belirlenmistir. Yumurtalardan ¢ikan 0-24 saatlik larvalar denemede
kullanilmistir. Tabani 1slatilmis pamukla kapli 9cm ¢apindaki petriler iizerinde hazirlanan 4 cm’lik yaprak
diskleri {izerine yaklagik 25 adet 0-24 saat yastaki akar larvalari binokiiler altinda aktarilmistir. Petriler
hazirlanan ilag soliisyonlart ile ilaglama kulesi kullanilarak 1 bar basing da ilaglanmistir. Her petriye 2 ml ilag
puskiirtiilmustiir. Kontrole sadece saf su uygulanmistir. Denemeler 1 kontrol + 1 doz, 4 tekerriir olacak sekilde
kurulmustur. Olii-canli degerlendirmesi 5. giinde yapilmustir. Aver akarla yapilan denemelerde avcilarin
beslenmesi i¢in yeterince av verilmistir.

laglarin ergin donemine uygulanmasi. Pestisitlerin uygulanmasinda Ay (2005)’den alinan ilaglama
kulesi — petri kab1 yontemi kullanilmistir. Tabani 1slatilmis pamukla kapli 9 cm ¢apindaki petri {izerinde
hazirlanan 4 cm’lik yaprak disklerine binokiiler altinda yaklasik 25 adet ergin akar aktarilmistir. Petriler
hazirlanan ilag soliisyonlari ile ilaglama kulesi kullanilarak 1 bar basing da ilaglanmistir. Her petriye 2 ml ilag
puskiirtilmiistiir. Kontrole sadece saf su uygulanmistir. Denemeler 1 kontrol + 1 doz, 4 tekerriir olacak sekilde
kurulmustur. Olii-canli degerlendirmesi 3. giinde yapilmustir.

Tlaglarin etkilerinin hesaplanmasi. Elde edilen verilerden yararlanarak akar popiilasyonlaria
ilaglarm etkisi Abbott 1925'e goére hesaplanmustir. Farkli aktif maddeye sahip ilaglarin farkli biyolojik
donemlerinde uygulama yapilan T. urticae ve P. persimilis'e kars: etkinlikleri incelenmistir. Abbott formiili;
Ma= (Mt-Mc)/(100-Mc)x%100, Ma=Abbottt’a gore gercek 6liim orani, Mt= Uygulamadaki 6liim orani,
Mc=Kontroldeki 6liim orani.

Pestisitlerin yan etkilerinin degerlendirilmesi. Pestisitler Uluslararas1 Biyolojik Miicadele
Organizasyonu (IOBC) "pestisitler ve faydali organizmalar" calsma grubu tarafindan faydalilara etkileri
bakimindan dort sinifa ayrilmaktadir; Oliim oran1 <%30 ise zararsiz (1), %30-79 ise az zararli (2), %80-99 ise
orta derece zararli (3) ve >%99 ise zararli (4) kabul edilmektedir (Hassan, 1992 ve Sterk ve ark., 1999). Bu
smiflandirmaya gore P. persimilis bireylerine pestisitlerin etkisi siniflandirilmigtir.

Bulgular ve Tartisma

Calismada kullanilan ilaglarin T. urticae ve P. perisimilis'e etkileri Cizelge 1'de verilmistir. Etoxazole
aktif maddesine sahip ilag T. urticae erginlerine %16.19 oraninda etkili olurken, P. persimilis erginlerine %100
etkili olmustur. Ayni ilag T. urticae larvalarma %100 etki gosterirken, P. persimilis larvalarina %96.54 etkili
olmugtur. Etoxazole T. urticae' nin larvalarina etkili iken, ergin dénemine ¢ok etkili olmamus. P. perisimilis'in
ise her iki donemine de etkili olmustur. Bu yiizden IOBC smiflandirmasina gore etoxazole ilact P. persimilis
erginleri i¢in zararli larvalari i¢in orta derece zararli grubuna girmistir (Cizelge 1). Niu ve ark. (2014), etoxazole
ve bazi akarisitlerin T. urticae'ye karsi etkilerini saksi ve sera topraginda, sera kosullarinda ¢ilek {izerinde
degerlendirmiglerdir. Buna gore saksi denemelerinde etoxazole'iin ergin oncesi donemlerinin sayilart %72
ile %91 oraninda diigiirdiigiinii, sera topragindaki denemelerinde ise etoxazole’iin erginleri %62 ile %87
oraninda ve ergin oncesi dénemlerinide %91 ile %97 oraninda diistirdiigiinii bildirmislerdir. Argolo ve ark.
(2013) clementine mandarini yapraklari {izerine etoxazole ve bazi pestisitleri uygulayip bu kalintinin P.
persimilis ve bagka tiirler lizerine etksini pestisit uygulandigi giin, 7, 14 ve 21 giinliik kalintilarda
degerlendirmisler ve etoxazole'in P. persimilis iizerine aym giin degerlendirmesinde % 34 likk dliime yol
actigin1 ve IOBC kategorisine gore az zararl gruba girdigini, diger yandan 7 giinliik degerlendirmede zararsiz
gruba girdigini bildirmislerdir. Sdenz-de-Cabezon Irigaray ve ark. (2007) galismalarinda ¢ilek bitkisi {izerinde
etoxazole aktif maddesine sahip ila¢ kalintisinin P. persimilis'in 6liim orani {izerine etkisini degerlendirmisler
ve uygulamadan 3 giin sonra yapilan 6liim oran1 degerlendirmesinde etoxazole ile kontrol arasinda 6nemli bir
fark bulunmadigim bildirmislerdir. Bizim ¢alismamiz ile literatiirdeki sonuglarin benzerlik géstermemesinin
sebeplerinin; bizim ¢alismamzda akarlarin pestisitlere dogrudan, literatiirdeki ¢alismalarda ise kalmnti ile
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maruz kalmasi, uygulama sonrasi yapilan degerlendirmelerin farkli gilinlerde yapilmasi, farkli konukgu
bitkilerin kullanilmig olmasi ve deneme kosullarinin farkli olmasindan kaynaklandig: diistiniilmektedir.

Acequinocyl aktif maddesine sahip ilag T. urticae erginlerine %100 etkili olurken, P. persimilis
erginlerine %96.42 oraninda etkili olmustur. Ayni ilag T. urticae larvalarina %100 etki gosterirken, P.
persimilis larvalarima %94.64 degerinde etkili olmustur. Acequinocyl T. urticae'nin hem larvalarina hem de
ergin donemine etkili olmustur. P.perisimilis'in de her iki dénemine orta derecede etkili olmustur. IOBC
smiflandirmasina gére acequinocyl ilaci P. persimilis'e orta derece zararh grubuna girmistir (Cizelge 1). Saenz-
de-Cabezon Irigaray ve ark. (2007) calismalarinda acequinocyl aktif maddesine sahip ilaci ¢ilek bitkisi
yapraklarina uygulayarak ila¢ kalintisinin P. persimilis tizerine etkisini degerlendirmisler ve kalintiya maruz
kalan P. persimilis disilerinin uygulamanin 3 giin sonrasindaki sayimda 6lim oranlarinin 6nemli derecede
artti@im gozlemlemislerdir. Bulunan sonuglar ¢alismamizda elde edilen sonuglar ile paralellik gostermektedir.

Bifenthrin, aktif maddesine sahip ilag T. urticae erginlerine %2100 etkili olurken, P. persimilis
erginlerine %96.35 etkili olmustur. Ayni ilag hem T. urticae larvalarina hemde P. persimilis larvalarina %100
oraninda etkili olmustur. Bifenthrin ilaci T. urticae'nin hem larvalarina hem de, ergin donemine etkili olmustur.
P. perisimilis'in ergin doneminde orta derece etkili larva donemine de etkili olmustur. IOBC siniflandirmasina
gore bifenthrin ilac1 P. persimilis'e ergin donemde orta derece zararl larva doneminde zararli grubuna girmistir
(Cizelge 1). Alzoubi ve Cobanoglu, (2008) ¢aligmalarinda bifenthrin'in lethal concentration (LCso-LCao)
degerleri ve IOBC toksisite kategorisne gore P. persimilis i¢in zararli oldugunu, ovicidal / ovolarvicidal
testlerine gore bifenthrin'in T. urticae yumurtalar1 ve larvalari igin agir1 toksik oldugunu, nimfisidal teste gore
Bifentrin aktivitesinin T. urticae nimfleri tizerinde ¢ok gii¢lii oldugunu ve P. persimilis nimfleri i¢in orta derece
zararli oldugunu bildirmislerdir. Ditillo ve ark. (2016) 6nerilen tarla dozunun 1, 0.5 ve 0.1 kat1 na denk olarak
hazirlanan bifenthrin konsantrasyonlarinin  P. persimilis {izerindeki etkisine baktiklarinda; yiiksek
konsantrasyonlarda uzaklastirici ve iiremeyi etkiledigini, ayrica 6liim oranininda artmasina sebep oldugunu
bildirmislerdir. Alzoubi ve Cobanoglu, (2007) ¢alismalarinda avcilar salindiktan sonra pestisitlerle avcisiz veya
tavsiye edilen tarla uygulama dozunun 3'te 1'ini dogrudan diisiik doz olarak uygulamiglardir. Caligma
sonucunda Bifentrin'in P. persimilis'e kars1 toksisitesinin zararli oldugunu bildirmislerdir. Cote ve ark., (2002)
¢aligmalarinda akarisit kalintilarinin P. persimilis ve T. urticae iizerine etkisini test etmisler ve her iki tiirii de
24 saatlik 1, 3, 7 ve 14 giinliik kalintiya maruz birakmislar ve sonug¢ olarak bifenthrin kalintisinin tiim
zamanlarda P.persimilis i¢in toksik oldugunu diger taraftan T. urticae i¢in uygulamadan 1 hafta sonrasina
kadarki zamanda zararli oldugunu gézlemlemislerdir. Bulunan sonuglar ¢aligmamizda elde ettigimiz sonuglar
ile uyum i¢indedir.

Cyromazine aktif maddesine sahip ilag T. urticae erginlerine %23.79 etkili olurken, P. persimilis
erginlerine %92.43 oraninda etkili olmustur. Aymi ilag T. urticae larvalarina %7.90 etki gosterirken, P.
persimilis larvalarina %100 etkili olmustur. Cyromazine T. urticae'nin hem erginlerinde hem de larvalarinda
etkisiz olmustur. P. perisimilis'in ergin doneminde orta derece etkili, larva doneminde ise etkili olmustur. IOBC
smiflandirmasina gére Cyromazine P. persimilis'e ergin donemde orta derece zararli larva doneminde de zararl
grubuna girmistir (Cizelge 1).

Cizelge 1. Aktif maddelerin abbott formiiliine gore hesaplanan degerleri

Table 1. The calculated values of the active ingredient according to abbott formula

Tetranychus urticae Phytoseiulus persimilis

Larva Ergin Larva Ergin
Etoxazole % 100 % 16.19 % 96.54 (3) % 100 (4)
Acequinocyl % 100 % 100 % 94.64 (3) % 96.42 (3)
Bifenthrin % 100 % 100 % 100 (4) % 96.35 (3)
Cyromazine % 7.90 % 23.79 % 100 (4) % 92.43 (3)

Bifenthrin, aktif maddesine sahip ilag T. urticae erginlerine %100 etkili olurken, P. persimilis
erginlerine %96.35 etkili olmustur. Ayni ilag hem T. urticae larvalarma hemde P. persimilis larvalarina %2100
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oraninda etkili olmustur. Bifenthrin ilaci T. urticae'nin hem larvalarina hem de, ergin donemine etkili olmustur.
P. perisimilis'in ergin doneminde orta derece etkili larva donemine de etkili olmustur. IOBC siniflandirmasina
gore bifenthrin ilaci1 P. persimilis'e ergin donemde orta derece zararl larva doneminde zararli grubuna girmistir
(Cizelge 1). Alzoubi ve Cobanoglu, (2008) calismalarinda bifenthrin'in lethal concentration (LCso-LCgo)
degerleri ve IOBC toksisite kategorisne gore P. persimilis i¢in zararli oldugunu, ovicidal / ovolarvicidal
testlerine gore bifenthrin'in T. urticae yumurtalar1 ve larvalart igin agir1 toksik oldugunu, nimfisidal teste gore
Bifentrin aktivitesinin T. urticae nimfleri tizerinde ¢ok giiglii oldugunu ve P. persimilis nimfleri i¢in orta derece
zararlt oldugunu bildirmislerdir. Ditillo ve ark. (2016) 6nerilen tarla dozunun 1, 0.5 ve 0.1 katt na denk olarak
hazirlanan bifenthrin konsantrasyonlarmin P. persimilis {izerindeki etkisine baktiklarinda; yiiksek
konsantrasyonlarda uzaklastiric1 ve iiremeyi etkiledigini, ayrica 6lim oranininda artmasina sebep oldugunu
bildirmislerdir. Alzoubi ve Cobanoglu, (2007) ¢calismalarinda avcilar salindiktan sonra pestisitlerle avcisiz veya
avcilarla yalmiz T. urticae popiilasyonunu kontrol etmeyi karsilastirmak igin sera kosullarinda pestisitlerin
tavsiye edilen tarla uygulama dozunun 3'te 1'ini dogrudan diisiik doz olarak uygulamiglardir. Calisma
sonucunda Bifentrin'in P. persimilis'e kars1 toksisitesinin zararli oldugunu bildirmislerdir. Cote ve ark., (2002)
¢alismalarinda akarisit kalintilarinin P. persimilis ve T. urticae ilizerine etkisini test etmisler ve her iki tiirii de
24 saatlik 1, 3, 7 ve 14 giinliik kalintiya maruz birakmiglar ve sonug¢ olarak bifenthrin kalintisinin tiim
zamanlarda P.persimilis i¢in toksik oldugunu diger taraftan T. urticae i¢in uygulamadan 1 hafta sonrasina
kadarki zamanda zararli oldugunu gézlemlemislerdir. Bulunan sonuglar ¢aligmamizda elde ettigimiz sonuglar
ile uyum igindedir.

Cyromazine aktif maddesine sahip ilag T. urticae erginlerine %23.79 etkili olurken, P. persimilis
erginlerine %92.43 oraninda etkili olmustur. Ayni1 ilag T. urticae larvalarina %7.90 etki gosterirken, P.
persimilis larvalarina %100 etkili olmustur. Cyromazine T. urticae'nin hem erginlerinde hem de larvalarinda
etkisiz olmustur. P. perisimilis'in ergin déneminde orta derece etkili, larva doneminde ise etkili olmustur. IOBC
smiflandirmasina gére Cyromazine P. persimilis'e ergin donemde orta derece zararli larva doneminde de zararli
grubuna girmistir (Cizelge 1).

Sonuc¢

Sonuglar incelediginde acequinocyl ve bifenthrin aktif maddeye sahip ilaglar her iki tiiriin larva ve
erginlerine %90-100 oraninda etki gostermistir. Etoxazole T. urticae’nin erginlerine %16.19 etki gosterirken
T. urticae'nin larva ve P. persimilis'in larva ve erginine %90’ lizerinde etki gdstermistir. Etoxazole ilac1 T.
urticae ergininde diisiik oranda etkili olmustur. Cyromazine T. urticae larvalarinda %7.90 ve
erginlerinde %23.79 oraninda etki gostermistir. Hassan (1992), siniflandirmasina gére P. persimilis erginlerine
cyromazine, bifenthrin ve acequinocyl aktif maddeli ilaglar orta derece zararli iken etoxazole zararl grubuna
girmistir. P. persimilis larvalarina etoxazole ve acequinocyl aktif maddeli ilaglar orta derece zararlh iken
cyromazine ve bifenthrin zararhi grubuna girmistir. Cyromazine'in T. urticae’ye akarisit 6zelligi zayif
bulunmustur. Ancak P. persimilis’e etkisi oldugundan P. persimilis kullanilacag: yerlerde diger zararlilara da
tavsiye edilmemelidir. Diger ilaglar ise P. persimilis e etkili oldugundan bu tiiriin kullanildig1 veya bulundugu
yerlerde uygulanmamalidir.

Tesekkiir

Bu calisma TUBITAK 2209/A Universite Ogrencileri Yurtici Arastirma Projeleri Tarafindan Desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

POTASYUM VE CINKOLU GUBRELEMENIN ENGINARDA VERIM VE VERIM
UNSURLARINA ETKILERI

EFFECTS OF POTASSIUM AND ZINC FERTILIZATION ON THE YIELD AND YIELD
COMPONENTS OF ARTICHOKE

Bilgehan OZTURK! Mehmet ZENGIN? Fatma GOKMEN YILMAZ3
Oz
Bu calisma, 2018-2019 enginar yetistirme doneminde Kuzey Kibris Tirk Cumhuriyeti Tarimsal Arastirma
Enstitiisii’niin Tiirkmenkoy deneme arazisinde yetistirilen Kibris erkenci enginar ¢esidine uygulanan potasyum (0,
6, 12 ve 18 kg K20 dal; K;SO4; %50 K20) ve ¢inkonun (0 ve 3 kg ZnS04.7H,0 da; CS; %22 Zn) bitki boyu,
ana bas agirligi, bas sayisi, yapraklarin potasyum ve ¢inko kapsamlart ve verim iizerine etkilerini belirlemek
amactyla yapilmistir. Aragtirma sonuglarina gore, bitki boyu kontrole (85.3 ¢cm) gére %6.64 (6 kg K20 da*+ 3 kg
CS dal; 90.8 cm) ile %19.9 (12 kg K20 da'+ 3 kg CS da’; 101.2 cm) arasinda artmistir. Uygulamalara bagh
olarak degigmekle birlikte bitkinin ana bas agirligi, bitki basina diisen bas sayisi kontrole gore artmigtir. Enginar
yapraklarinin potasyum konsantrasyonu kontrole (%0.44) gore %5 ile %65 arasinda degisen oranlarda artarken
¢inko konsantrasyonu sadece CS uygulamasiyla kontrole gére %9 oraninda yiikselmistir. En yiiksek verim (8.972
kg dat) <18 kg K,0 da + 3 kg CS da> muamelesi ile elde edilmistir. Bu uygulama ile verim kontrole gére %40.9
oraninda artmistir. Enginar bitkisi benzer toprak ve iklim kosullarinda yetistirilecekse verim ve birgok verim
unsurlarini artirmasi nedeniyle ‘18 kg K,0O da*+ 3 kg CS da’> uygulamasi énerilebilir.

Anahtar Kelimeler: Enginar, ¢inko, potasyum, verim, KKTC

Abstract

This study was carried out to determine the effects of potassium (0, 60, 120 and 180 kg K0 ha*; K;SO4; 50%
K20) and zinc (0 and 30 kg ZnS04.7H,0 hal; ZS; 22% Zn) applied on plant height, main head weight, numbers
of head, concentrations of potassium and zinc in leaves and yield of early artichoke variety in Turkmen Village
trial area of Agricultural Research Institute of Turkish Republic of Northern Cyprus during 2018-2019 artichoke
growing period. According to the results, plant height increased 6.64% (60 kg KO ha* + 30 kg ZS

ha'; 90.8 cm) compared to the control (85.3 cm) and 19.9% (120 kg K20 ha* + 30 kg ZS ha*; 90.8 cm). Although
the main head weight of the plant and the number of head per plant increased depending on the applications, an
increasing was determined compared to the control. While the potassium concentrations of leaves increased
between 5% and 65% compared to the control (0.44%), zinc concentrations increased by 9% compared to the
control with only ZS application. The highest yield (89.720 kg ha-') was obtained by ‘180 kg K,O ha* + 30 kg ZS
ha> treatment. With this application, the yield increased by 40.9% compared to the control. If the artichoke plant
will be grown under similar soil and climatic conditions, ‘180 kg K,O ha* + 30 kg ZS ha' kg’ may be
recommended because it increased the properties examined.
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Extended Summary

The experiment was carried out in TRNC, in randomized blocks with 4 replications according to a 2
factor trial design, in order to determine the effects of increasing doses of potassium (0, 60, 120 and 180 kg
K20 ha; K,S0O,) and zinc (0 and 30 kg ZnS04.7H,0 ha’; ZS) on early artichoke varieties, in plant height,
main head weight, head number, concentrations of leaves in terms of potassium and zinc and yield. Potassium
sulphate (K2S0.) is a white colored, 100% water soluble fertilizer containing 50% KO and contains SO4 sulfur
16-20%. Zinc sulfate fertilizer (ZnSO4.7H.0) is a white colored, crystalline fertilizer containing 22% Zn and
is 100% water soluble. Potassium doses were given with potassium sulfate fertilizer, half was used on the base
for planting and the other half in the top dressing with 150 kg AN (33% N) ha. Zinc sulfate was added to the
base with 250 kg DAP ha! fertilizer in planting. Irrigation was made by drip irrigation system, especially when
the artichoke started to come to head water amount was increased since more water was needed. Generally
snails are seen as pests, therefore 8-9 pieces of Helimacide medicine per plant were used twice in different
periods. Weed control was done by hand. Harvesting was started in early January. According to the results of
the research, plant height increased between 6.64% (60 kg KO da™ + 30 kg ZS ha; 90.8 cm) and 19.9% (120
kg K20 ha' + 30 kg ZS ha; 101.2 cm) compared to the control with increasing amounts of potassium and
zinc applications. The lowest main head weight was control (400 g) and the highest head weight was (568 g)
obtained by 120 kg K,0 ha' + 30 kg ZS ha*’and ‘180 kg KO ha! + 30 kg ZS ha** applications. The lowest
number of heads per plant was obtained by control (13.3 heads) and the highest number (15.5 heads) of heads
was obtained by ‘180 kg K20 ha + 30 kg ZS ha'’ treatment. With this application, there was an increase of
14.9% in the number of head in the plant compared to the control. The K concentrations of the artichoke leaves
increased between 5% (only 60 kg K,O ha™) and 65% (180 kg KO ha + 30 kg ZS ha*) compared to the
control (%0.44) with increasing amounts of K and ZS applications. The highest K concentrations (0.73%) of
the plant leaves was obtained by 180 kg K,O ha* and ‘180 kg KO ha* + 30 kg ZS ha'> applications. Zn
concentrations of plant leaves increased by 9% compared to the control (9.14 mg kg*) only with ZS treatment
to the artichoke plant without K application. Likewise, Zn content of plant leaves increased by 3% (60 kg K,O
ha') to 8% (180 kg K20 ha') compared to the control with only increasing amount of K treatment without any
ZS application. The highest Zn concentrations that was obtained by 180 kg K»O ha application was 9.84 mg
kg*. In addition, the lowest artichoke yield was (53.040 kg ha'?) in the control, the highest yield (89.720 kg ha-
1) was obtained by 180 kg KO ha* + 30 kg ZS ha*’ treatment. With this treatment, yield increased by 40.9%
compared to the control. If the same artichoke type is to be grown in similar soil and climatic conditions,
application 180 kg K20 ha! + 30 kg ZS ha'> may be recommended to farmers since it increases yield and
many yield components.
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Enginar (Cynara scolymus) Asteraceae (Compositae) familyasina ait olup dordiincii yiizyildan beri
sebze ya da ilag olarak bilinmektedir. Gliniimiizde 6zellikle Akdeniz iilkeleri ile Kuzey ve Gliney Amerika’da
popiiler olan enginar iiretiminde diinyada en gok Misir (387.704 ton), Italya (364.871 ton) ve Ispanya (199.100
ton) ilk ii¢ sirada yer alirken Tiirkiye 32.173 ton ile 11. sirada yer almaktadir (FAO, 2018). KKTC’de narenciye
ve patatesten sonra enginar 6nemli bir ihrag tiriiniidiir. Ulkenin iklim sartlar1 enginar iiretimi igin son derece
uygundur. Buna ragmen bazi yillar don zararinin yasanmasi, tiretimde erkenciligin vermis oldugu avantajdan
faydalanilmasini kisitlamaktadir. Enginar iiretim alan1 2006 yilinda 1.098 da iken, 2016 yilinda 4.202 da’a
ulasmistir. Uretim miktar1 ise yillara gore artis gostermis olup 2006 yilinda 3.719 ton iken 2016 yilinda 12.099
tona ulasmistir. 2016 yilinda iiretim alanlarinin %66’sin1 Gazimagusa, %15’ini Giizelyurt, %11’ini Iskele
ve %38’ini ise Lefkosa yoreleri olusturmus olup bu alanlardan toplam 12.099 ton iiriin alinmistir (Anonim,
2017).

Ghoneim (2005), enginar bitkisine artan dozlarda potasyum uygulamalarinin (0, 11.42, 17.14 ve 22.85
kg da?) farkli hasat dénemlerinde (ekimden sonra 120, 150 ve 180 giin) bitkinin bitki boyu, agirligi ve yumru
verimi lizerine etkilerini arastirdiklart ¢aligma sonucunda, bitki boyu ve bitki agirliginin potasyum uygulamasi
ile arttigim ve 96 kg K20 4.2 da™ uygulamast ile edildigini, 180. giinde ise yumru veriminin en fazla oldugunu
bildirmislerdir. Anwar ve ark. (2011), 2009 ve 2010 yillarinda azot ve potasyum uygulamalarinin (nerilen N
dozunun %0.05 ve %]l ile K dozunun %100, %75 ve %50’si) enginarin verim ve verim unsurlarina etkilerini
aragtirmislar ve 6nerilen dozun %100°i oraninda N ve K uygulamalarinin daha etkin oldugunu belirlemislerdir.
Colpan ve ark. (2013), 2010 yilinda Antalya’da sera kosullarinda sirik domates bitkisinin verim ve verim
unsurlarmna artan dozlarda potasyum (0, 4, 8, 12 ve 18 kg K0 da!) uygulamalarinin etkilerini arastirdiklar
calisma sonucunda, en yiiksek bitki boyunun 18 kg K;O da! uygulamasi ile elde edildigini, en yiiksek verimin
(19.57 t dal) ise 12 kg K,O da™ uygulamasi ile belirlendigini ifade etmislerdir. Shahab ve ark. (2016), misir
bitkisine topraktan (0.5 ve 5 kg Zn ha) ve yapraktan (0.1 ve 0.5 kg Zn ha!) uygulamalarinin verime etkilerini
aragtirdiklar1 bir ¢alismada en yiiksek verimin hektara topraktan 5 kg ve yapraktan 0.5 kg ¢inko uygulamasi ile
elde edildigini bildirmislerdir. Potasyum toprak alkali katyonlarindan biri olup kumlu topraklarda ve fazla
kiregli topraklarda yetistirilen bitkilerde, Ca** ve Mg** ile antagonistik etkilesim igerisinde oldugundan
ozellikle sebze ve meyvelerde noksanligi goriilen bir makro besin elementidir. Bir¢ok bitki fosfordan, hatta
azottan daha fazla potasyum kaldirmakta ve tohumdan, meyveden ziyade yaprak ve sapta birikmektedir
(Zengin ve ark., 2009).

Zohra ve ark. (2007), enginar bitkisine artan dozlarda potasyum uygulamalarinin (0, 17.14, 22.85 ve
28.57 kg da?) farkli sulama dénemlerinde (ekimden sonra 5, 10 ve 15 giin) bitkinin yumru verimi {izerine
etkilerini aragtirdiklar1 bir ¢aligmada, verimin potasyum uygulamasi ile arttigini ve 4.2 da basina 10 giin sulama
ile 96 kg K20 uygulamast ile en yiiksek elde edildigini bildirmislerdir. Ertiftik ve Zengin (2015), Konya Ili
tarla kosullarinda 2009 ve 2010 yillarinda yetistirilen yaglk aygicegine topraktan ayri ayri ve birlikte
uygulanan potasyum siilfat (%50 K,0; 0, 4, 8 ve 12 kg K20 da!) ve magnezyum siilfat (%16 MgO; 0, 2, 4 ve
6 kg MgO dal) giibrelerinin yapragin baz1 makro (N, P, K, Ca, Mg, S) ve mikro besin element (Fe, Zn, Mn,
Cu, B) igeriklerine etkilerini arasgtirmiglardir. Arastirma sonuglarina gore, artan miktarlarda potasyum
uygulamasi yapragin besin elementleri miktarint artirrkken K ile Fe ve Mn arasinda sinerjik iligkiler
belirlenmistir.

Keskin ve ark.(2013), Konya ekolojik kosullarinda domateste bazi organik giibrelerin verim ve verim
unsurlar1 iizerindeki etkilerini belirlemek amaciyla Selguk Universitesi Sarayonii Meslek Yiiksekokuluna ait
uygulama arazisinde yaptiklar1 arastirmada 5 ton/da ciftlik giibresi, 25 kg/da humik asit, kimyasal giibre (N,
12 kg/da, P 12 kg/da ve K 14 kg/da) ve bunlarin kombinasyonlarini uygulamistir. Bitki materyali olarak F
domates c¢esidi kullanilmiglardir. Yapilan aragtirma sonucunda Konya kosullarmmda humik asit +NPK
uygulamalarinin domateste verim ve kaliteyi olumlu yonde etkiledigi belirlenmiglerdir.

Ertiftik ve Zengin (2016), Konya {li tarla kosullarinda 2009 ve 2010 yillarinda yetistirilen yaghk
aycicegine artan miktarlarda (0, 4, 8 vel2 kg K,O da* ve 0, 2, 4 ve 6 kg MgO da™) topraktan uygulanan
potasyum siilfat ve magnezyum siilfatin verim ve verim unsurlarina etkilerini arastirmislar ve artan miktarlarda
potasyum uygulamasinin verim unsurlarini, artan miktarlarda magnezyum uygulamasininkine gore daha fazla
artirdigini, potasyum ve magnezyumun birlikte uygulanmasinin verim unsurlarini maksimum diizeylere
cikardigini, en yiiksek tane veriminin ilk yilda (731.3 kg da™*) KsMg, uygulamasinda, ikinci yilda ise (651.0 kg
da) Mg6 uygulamasinda elde edildigini bildirmislerdir. Ertiftik ve Zengin (2017), Konya {li tarla kosullarinda
2009 ve 2010 yillarinda yetistirilen Pioneer-3394 tanelik misir ¢esidine artan dozlarda (0, 4, 8, 12 kg K,0 da™
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ve 0, 2, 4, 6 kg MgO da*) uygulanan potasyumlu ve magnezyumlu giibrelerin (K2SQO4; %51 KO ve
MgSOQOy4; %16 MgO) tane verimi ve verim unsurlarina etkilerini belirlemek amaciyla yiiriittiikleri bir ¢aligmada,
potasyum uygulamalarinin tane verimini magnezyumunkinden daha yiliksek etkiledigini, en yiiksek tane
veriminin ilk yilda 1.811 kg da ile KsMgO, ikinci yilda ise 1.823 kg da™ ile KgMgo dozlarinda elde edildigini
bildirmislerdir.

Materyal ve Yontem

Bu caligma, 2018-2019 enginar yetistirme doneminde Kuzey Kibris Tiirk Cumhuriyeti Tarimsal
Arastirma Enstitlisi’ne ait Tirkmenkdy deneme arazisinde yetistirilen Kibris erkenci enginar ¢esidine
uygulanan potasyum (0, 6, 12 ve 18 kg K,0 da; K;SQy) ve ¢inkonun (0 ve 3 kg ZnSO4.7H,0 dal; CS; %22
Zn) bitki boyu, ana bag agirligi, bas sayisi, yapraklarin potasyum ve ¢inko kapsamlar1 ve verim {izerine
etkilerini belirlemek amactyla yapilmistir.

Bu amagla, arastirma 6ncesinde deneme topragiin verimlilik analizleri i¢in 0-30 cm’lik iist katman1
temsilen toprak ornekleri alinarak Selcuk Universitesi Ziraat Fakiiltesi Toprak Giibre Bitki Besleme Arastirma
Laboratuvari’nda bazi fiziksel ve kimyasal analizler yapilmistir (Tablo 1).

Tablo 1. Deneme Topragimin Baz1 Fiziksel ve Kimyasal Ozellikleri

Table 1. Some Physical and Chemical Properties of the Testing Soil

1 Tekstiir Kil % - - -
(Biinye) silt % : - :
Kum % - - -
Tekstiir Sinifi Saturasyon Killi tin Normal Tinh
2 pH (1:2.5, Toprak:Su) - 7.20 Notr 6.5-7.5
3 EC (Tuzluluk) (1:5, T:S) uS/ecm 306 Diisiik, iyi <400
4 Kireg(Toplam CaCOs) % 229 Fazla kirecli 5-15
5 Organik madde % 1.21 Az 3-6
6 Inorg. azot (NH,-N+ NO3-N) mg/kg 36.4 Az >70
7 Fosfor (Yarayisli P) mg/kg 13.3 Orta 8-25
8 Potasyum (ekstrakte ed. K) mag/kg 313 (0.80) Fazla 110-290
9 Kalsiyum (ekstrakte ed. Ca) mg/kg 5.494 (27.47) Fazla 1.150-3.500
10  Magnezyum (ekstrakte ed. Mg) mag/kg 487 (4.05) Fazla 160-480
11 Sodyum (ekstrakte ed. Na) mg/kg 178 (0.77) - -
12 Degisebilir Na Yiizdesi % 2.33 Alkalilik tehlikesi yok <15
13 Demir (Yarayist Fe) mg/kg 5.61 Yeterli 4.5-10
14 Cinko (Yarayigh Zn) mg/kg 0.38 Az 0.7-2.4
15 Mangan (Yarayish Mn) mg/kg 13.6 Yeterli 7.5-15
16  Bor (Yarayish B) ma/kg 0.82 Yeterli 0.5-24
17  Bakur (Yarayish Cu) ma/kg 1.16 Yeterli >0.2

(0.80): me/100 g, ekstrakte edilebilir katyonlar miktar1
Ekstrakte edilebilir katyonlarin birbirlerine oranlar::

Oranlar Sonuglar _ideali Oneriler

Ca/K= 343 12 (Potasyum verilmeli)
Ca/Mg= 6.8 6 (Normal)
Mg/K= 51 2 (Potasyum verilmeli)
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Deneme topragi Manual (1951)’e gore, notr reaksiyonlu olup, Unal ve Bagkaya (1981)’nin belirttigi
sinir degerlerine gore az seviyede organik madde igermektedir. Bitkiye yarayish K, Ca ve Mg miktarlari fazla,
Fe, Mn, B ve Cu miktarlar yeterli, fosfor miktar1 ise orta seviyede olup yetersiz diizeyde Zn igermektedir.
Denemede materyal olarak Kuzey Kibris Tirk Cumhuriyeti’ne 6zgii erkenci enginar ¢esidi kullanilmigtir.
Yetistirme donemi 4-5 ay olan bu ¢esit %94-95 oraninda su icermekte ve ortalama bas uzunlugu 12,7 cm, cap1
11,6 cm, ortalama taze bas agirlig1 i¢ piyasada tiiketilen dolmalik tiir i¢in 250-300 g, ihracatta kullanilan i¢in
ise 550-650 g civarindadir. Deneme 1 enginar cesidi x 4 potasyum dozu (0, 6, 12 ve 18 kg K0 da™?) x 2 ¢inko
dozu (0 ve 3 kg CS da) ve interaksiyonlar1 olmak iizere 4 tekerriirlii olarak toplam 32 parselde yapilmistir.
Her bir parselde 40 bitki dikilmistir. Sira aras1 ve sira tizeri 1x1 m’dir. Toprak 6zellikleri Cizelge 1’de verilen
deneme tarlasinda temel giibreleme olarak dikimde tabana 25 kg DAP (%18 N + %46 P,Os; 4.5 kg N dal, 11.5
kg P.Os dal), ilk iist giibrelemede dekara 11 kg iire (5 kg N da™), ikinci iist giibrelemede ise dekara 15 kg
amonyum nitrat (%33 N; 5 kg N da!) verilmistir. Potasyum dozlari, potasyum siilfat giibresi ile yaris1 dikimde
tabana, kalan yaris1 da ikinci st giibrelemede AN-33 ile birlikte, ¢inko siilfat ise dikimde DAP giibresiyle
beraber tabana uygulanmigtir. Denemede yapilan dlglimler; bitki boyu seritmetre yardimiyla, ana bag agirligi
hassas terazide tartilarak, bas sayis1 uygulamalardaki bitki bagina diisen baslarin sayilmasi seklinde, verim
parselden elde edilen verimlerin toplanip dekardaki verime g¢evrilmesiyle, bahar doneminde her bir parseli
temsilen toplanan yapraklarin potasyum ve ¢inko kapsamlari ise gerekli 6n islemlerden sonra 5 ml HNOs ile
yiksek sicaklik (210 °C) ve yiiksek basing (200 PSI) altinda mikrodalga cihazinda (CEM Mars 5)
¢oOziindiiriilerek ICP-OES (Varian-Vista model) cihazi ile belirlenmistir.

Tarla kosullarinda Tesadiif Bloklarinda 2 Faktorli Deneme Desenine gore kurulan ve yiiriitiilen
denemede elde edilen veriler MSTAT ve JMP.5.0.1a istatistik paket programlarina gére analiz edilmistir.

Bulgular ve Tartisma

Kibris erkenci enginar ¢esidine uygulanan potasyum (0, 6, 12 ve 18 kg K0 da?) ve ¢inkonun (0 ve 3
kg CS da) bitki boyu, ana bas agirligi, bas sayisi, yapraklarm potasyum ve ¢inko kapsamlar1 ve verim iizerine
etkileri agagida alt basliklar halinde verilmistir.

Bitki Boyu

Artan miktarlarda K ve Zn uygulamalarinin erkenci enginar bitkisinin bitki boyu, ana bas agirligi, basg
say1st, yapragin K ve Zn konsantrasyonu ile verime etkileriyle ilgili varyans analiz sonuglari Cizelge 2’de, bitki
boyuna iligkin ortalama degerler ve olusan gruplar ise Cizelge 3’de verilmistir.

Cizelge 2. Artan miktarlarda k ve zn uygulamalarinin enginarda verim ve bazi verim unsurlari ile yapragmn k ve zn
konsantrasyonlarina etkileri ile ilgili varyans analiz sonuglar:

Table 2. Variance analysis results of increasing amounts of k and zn applications on the yield and yield components and k and zn
concentrations of leaves in the artichoke

Bitki boyu Ana bag

Bitkide Potasyum

agirhig bas sayist

Genel - - - - - -
Tekerriir 3 6.37 7508 1.03 0.0001 0.007 173399
Potasyum (K) 3 196.8** 19468** 2.03* 0.026** 1.588** 2269965**
Cinko (Zn) 1 205.1** 12207** 3.78** 0.186** 7.382%* 57287808**
‘K x Zn’ int. 3 46.37** 5403** 1.37* 0.001 0.184** 143867
Hata 21 6.04 942 0.44 0.001 0.002 93992
C.V. (%) 4.67 8.12 7.45 6.74 5.59 74

*,p<0.01; **, p<0.01

Varyans analizi sonuglarina gore (Cizelge 2) K, Zn ve ‘K x Zn’ interaksiyonunun bitki boyuna etkileri
istatistiki bakimdan %1 diizeyinde 6nemli bulunmustur. Bitki boyu {izerine ‘K x Zn’ interaksiyonunun énemli
¢ikmas1 bitki boyunun artan miktarlarda K ve Zn uygulamalarina bagli olarak degistigini gostermektedir. Bitki
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boyu artan miktarlarda K ve Zn uygulamalariyla kontrole (85.3 cm) gore %5 (6 kg K,O da' + 3 kg CS da™l)
ile 919.9 (12 kg K;0 da™ + 3 kg CS da™) arasinda degisen oranlarda artmustir (Cizelge 3). En yiiksek bitki
boyu (102.3 cm) ‘12 kg K0 da*+ 3 kg CS da™' uygulamas: ile elde edilmis olup bunu istatistiki bakimdan
ayn1 gruptaki ‘18 kg K20 da* + 3 kg CS da™>” uygulamas: takip etmistir (Cizelge 3). Benzer sekilde Ghoneim
(2005) ve Colpan ve ark (2013) yaptiklar1 ¢aligmalar sonucunda da ¢inko uygulamalarmin bitki boyunu
artirdigini belirtmiglerdir.

Cizelge 3. Artan miktarlarda K ve Zn uygulamalarimmn enginarda bitki boyuna (cm) etkileri

Table 3. Effects of increasing amounts of K and Zn applications on the plant height (cm) in the artichoke

kg K20 da-1 kg CS da-1

0 3 ort.
0 853d 86.8 cd 86.1C
6 89.5 bed 90.8 bc 9028
12 90.8 bc 1023a 96.6A
18 928D 988a 937A
ort. 896a 946 b 92,1

Ayt siitunda ayni harflerle gosterilen degerler arasindaki fark istatistiki olarak 6nemsizdir.
Ana Bas Agirhgi

Artan miktarlarda K ve Zn uygulamalarinin enginarin ana bas agirh@ma etkileriyle ilgili varyans
analiz sonuglarina gore, K, Zn ve ‘K x Zn’ interaksiyonu ana bas agirligini istatistiki olarak %1 diizeyinde
etkilemigtir (Cizelge 2). Ana bag agirlig1 lizerine ‘K x Zn’ interaksiyonunun dnemli ¢ikmasi ana bas agirligiin
artan miktarlarda K ve Zn uygulamalaria bagli olarak degistigini géstermektedir. Enginarda en diisiik ana bas
agirlig: (400 g) kontrol, en yiiksek ana bas agirhg (568 g) ise ‘12 kg K,O da' + 3 kg CS da™> ve ‘18 kg K0
dal+ 3 kg CS da?’ uygulamalariyla elde edilmistir (Cizelge 4). Bu uygulamalarla kontrole gore %42.0’lik bir
verim artist olmus ve soz konusu muameleleri kontrol uygulamasi harig, diger tiim uygulamalar takip etmis ve
ayni grupta yer almiglardir. Yagmur ve ark., (2003), farkli potasyumlu giibre dozlarinin savoy lahanasinda bitki
verime etkilerini inceledikleri ¢caligmada 10 kg/da potasyum uygulamasindan en yiiksek verim degerinin elde
edildigini bildirmis olup ¢alismamizla benzerlik gostermektedir. Keskin ve ark.(2013), yaptiklar aragtirmada
5 ton/da giftlik giibresi, 25 kg/da humik asit, kimyasal giibre (N, 12 kg/da, P 12 kg/da ve K 14 kg/da) ve
bunlarin kombinasyonlarini uygulamislardir. Bitki materyali olarak F; domates ¢esidi kullanilmiglardir. Agik
arazide yapilan bu aragtirmada humik asit+kimyasal giibre uygulamalari en yiiksek verim degerine 11.396
kg/da, en diisiik verim degeri 7.997 kg/da kontrol grubunda belirlenmislerdir.

Cizelge 4. Artan Miktarlarda K ve Zn uygulamalarinin enginarda ana bas agirhigina (g) etkileri
Table 4. Effects of increasing amounts of K and Zn applications on main head weight (g) in the artichoke

kg CS da?
kg K,O da*
0 3 Ort.

0 400 b 513 a 456 B
6 544 a 545 a 544 A
12 528 a 568 a 548 A
18 565 a 568 a 567 A
ort. 509 a 548 b 529

Ayni stitunda ayni harflerle gosterilen degerler arasindaki fark istatistiki olarak Gnemsizdir.
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Enginarda bitki basina en diisiik bas sayisi (13.3 adet) kontrol, en yiiksek bas sayis1 (15.5 adet) ise ‘18
kg K20 da + 3 kg CS da™'’ muamelesiyle elde edilmistir (Cizelge 5). Bu uygulama ile bitkideki bas sayisinda
kontrole gore %16.5’luk bir artig meydana gelmistir. Sadece CS uygulamasi (15.0 adet) ile bitkideki bag sayis1
kontrole (13.3 adet) gore %13 oraminda artmustir. Diger taraftan, sadece 6 kg K,O da' muamelesi (15.3 adet)
bitkideki bas sayisin1 kontrole (13.3 adet) gore %12.8 oraninda artirmis olup Zn etkisi ile hemen hemen ayn
diizeydedir. Ancak ‘K x Zn’ interaksiyonu (%14.3) tekli uygulamalarin etkilerinden daha yiiksek ¢ikmustir.

Cizelge 5. Artan miktarlarda K ve Zn uygulamalarinin bitkide bas sayisina (adet) etkileri
Table 5. Effects of increasing amounts of K and Zn applications on number of heads (humber) in the artichoke

kg K,O da? kg CS da’

0 3 Ort.
0 133¢ 15.0ab 14.1B
6 15.3ab 15.0ab 15.1A
12 145ab 15.3ab 14.9A
18 15.0ab 155a 15.2A
Ort. 145b 152a 14.86

Ay siitunda ayn1 harflerle gosterilen degerler arasindaki fark istatistiki olarak onemsizdir

Yapragin potasyum konsantrasyonu

Artan miktarlarda K ve Zn uygulamalarinin yapragin K konsantrasyonuna etkileriyle ilgili varyans
analiz sonuglarina (Cizelge 2) gore, hem K hem de Zn uygulamalarinin ektikleri istatistiki olarak %1 diizeyinde
o6nemli bulunmustur.

Enginar bitkisine hi¢ K uygulanmaksizin sadece CS uygulamasi ile yapragin K konsantrasyonu
kontrole (%0.44) gore, %39 oraninda artmistir (Cizelge 6). Ayni sekilde hi¢ CS uygulamasi yapilmaksizin
sadece artan miktarda K uygulamasiyla da bitki yapraklarinin K konsantrasyonu kontrole (%0.44) gore %42
(6 kg da’? K,0) ile %65 (18 kg da* K;O) arasinda degisen oranlarda artmis olup en yiiksek K konsantrasyonu
(%0.73) 18 kg K20 da uygulamasiyla elde edilmistir (Cizelge 6). Bu veriler, K uygulamasmin yapragm K
konsantrasyonu tlizerinde sagladigi artisin CS uygulamasma gore daha fazla etkiledigini gostermektedir.
Varyans analizi sonuglarma gore, K uygulamalarinin ortalamalar1 dikkate alindiginda yapragin K
konsantrasyonu en yiiksek %0.66 olarak belirlenirken, CS uygulamalarinin ortalamalar1 dikkate alindiginda ise
yapragin K icerigi %0.65 olarak belirlenmistir. Yapilan benzer bir ¢aligmada da (Ertiftik ve Zengin, 2015)
benzer sonuglar elde edilmistir.

Cizelge 6. Artan Miktarlarda K ve Zn uygulamalarimin enginar yapragmmn K konsantrasyonu (%) etkileri
Table 6. Effects of increasing amounts of K and Zn applications on the K concentration (%) of the artichoke leaf

kg K,O da* kg CS da?

0 3 Ort.
0 0.44 0.61 053D
6 0.46 0.62 054C
12 0.52 0.66 0.59B
18 0.58 0.73 0.66 A
Ort. 0.50 b 0.65a 0.58

Ayni siitunda ayni harflerle gosterilen degerler arasindaki fark istatistiki olarak 6nemsizdir.
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Yapragn ¢inko konsantrasyonu

Artan miktarlarda K ve Zn uygulamalarinin yapragin Zn igeriklerine etkileri ile ilgili varyans analiz
sonuglarina gore (Cizelge 2), K, Zn ve ‘K x Zn’ interaksiyonunun yapragin ¢inko konsantrasyonuna etkileri
istatistiki bakimdan %1 diizeyinde Onemli bulunmustur. Yapragm Zn konsantrasyonuna ‘K x Zn’
interaksiyonunun 6nemli ¢ikmasi yapragin Zn igeriklerinin artan miktarlarda K ve CS uygulamalarma bagh
olarak degistigini gdstermektedir.

Cizelge 7’nin incelenmesiyle de goriilebilecegi gibi, yapragin Zn konsantrasyonu artan miktarlarda K
ve CS uygulamalariyla kontrole (9.14 mg kg™) gore %3 (sadece 6 kg K20 da?) ile %21 (18 kg K,O da* + 3
kg CS da™) arasinda degisen oranlarda artig gostermistir. Yapragin Zn konsantrasyonu en fazla 11.05 mg kg
olup, ‘18 kg K20 da*+ 3 kg CS da™™> uygulamasi ile elde edilmistir.

Cizelge 7. Artan miktarlarda K ve Zn uygulamalarinin enginar yapragimin Zn konsantrasyonuna (mg kg?) etkileri
Table 7. Effects of increasing amounts of K and Zn applications on the Zn concentration (mg kg™) of the artichoke leaf

kg K;0 da! kg CS da*

0 3 Ort.
0 9.14h 9.94d 9.62D
6 9.45¢9 10.06 ¢ 9.80C
12 9.74 f 10.96 b 10.11B
18 9.84e 11.05a 10.37 A
Ort. 9.54b 10.50 a 9.97

Aym siitunda ayni harflerle gosterilen degerler arasindaki fark istatistiki olarak 6nemsizdir.

Enginara hi¢ K uygulanmaksizin sadece CS uygulamasi (9.94 mg kg?') ile yapragin Zn
konsantrasyonu kontrole (9.14 mg kg?') gére %9 oraninda artmustir (Cizelge 7). Aymi sekilde hi¢ CS
uygulamasi yapilmaksizin sadece artan miktarlarda K uygulamasiyla da yapragin Zn konsantrasyonu kontrole
gore %3 (6 kg K,O da?l) ile %8 (18 kg KO da) arasinda degisen oranlarda artmis olup en yiiksek Zn
konsantrasyonu 9.84 mg kg* olup 18 kg KO da*uygulamasiyla elde edilmistir. Bu veriler, Zn uygulamasinin
yapragin Zn konsantrasyonunu K uygulamasina gore daha fazla etkiledigini gostermektedir. Yapragin Zn
konsantrasyonunu ‘K x Zn’ interaksiyonu 6nemli etkilemis olup en yiiksek Zn konsantrasyonu (11.05 mg kg
1 <18 kg K20 da+ 3 kg CS da?” uygulanmasi ile elde edilmistir (Cizelge 7). Baz1 aragtiricilar (Ertiftik ve
Zengin, 2015; Shahab ve ark., 2016) tarafindan yapilan c¢aligmalarda da degisik bitkilerde K ve Zn
uygulamalarinin yapragin ¢inko konsantrasyonunu artirdigini bildirilmistir.

Verim

Artan miktarlarda K ve CS uygulamalarmin enginar verimine etkileriyle ilgili varyans analiz
sonuglarma gore (Cizelge 2), K ile Zn’nun ayr1 ayr1 uygulamalariin verime etkileri istatistiki bakimdan %1
diizeyinde dnemli bulunmustur. Bu durum verimin uygulamalara baglh olarak degistigini gdstermektedir.

Enginar verimi artan miktarlarda K ve CS uygulamalariyla kontrole (5.304 kg da) %7 (6 kg K20 da-
B ile %69 (18 kg K,O dal+3 kg CS da) arasinda degisen oranlarda artis gostermistir. En yiiksek verim 8.972
kg da, 18 kg KO da+ 3 kg CS da’™> uygulamasi ile elde edilmistir (Cizelge 8).
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Cizelge 8. Artan miktarlarda K ve Zn uygulamalarimn enginar verimine (kg da) etkileri

Table 8. Effects of increasing amounts of K and Zn applications on the artichoke yield (kg da™)

kg K0 da! kg CS da*

0 3 Ort.
0 5.304 7.630 6.467 C
6 5.661 8.636 7.149B
12 6.174 8.911 7.543 AB
18 6.308 8.972 7.640 A
Ort. 5.861 b 8.537a

Ay siitunda ayn1 harflerle gosterilen degerler arasindaki fark istatistiki olarak onemsizdir.

Enginar bitkisine hi¢ potasyum uygulanmaksizin sadece CS uygulamasi ile bitki verimi kontrole

(5.403 kg dat) gore %44 oraninda artmistir (Cizelge 8). Ayni sekilde hi¢ CS uygulamasi yapilmaksizin sadece
artan miktarda K uygulamasiyla da verim kontrole gére %7 (6 kg K,O da?) ile %19 (18 kg K20 da?! ) arasinda
degisen oranlarda artmis olup en yiiksek verim (6.308 kg da) 18 kg K0 da™ uygulamasiyla elde edilmistir.
Istatistiki olarak < K x Zn’ interaksiyonu verimde énemli olmamakla birlikte, en yiiksek verim 18 kg K,O da-
1+ 3 kg CS da?” uygulamast ile elde edilmistir. Ancak verim iizerine, K uygulamalarmin etkisi nemli olup en
yliksek verim 7.640 kg da? olarak belirlenmistir. Zn uygulamalarimin ortalamalar1 dikkate alindiginda ise en
yliksek verimin 8.537 kg da oldugu belirlenmistir. Bu da verim {izerine Zn uygulamalarinin K uygulamalarma
gore daha etkili olduguna isarettir (Cizelge 8). Nitekim yapilan diger bazi ¢aligmalarda da K ve Zn
uygulamalari ile farkli tirtin verimlerinin olumlu etkilendigi rapor edilmistir (Ghoneim, 2005; Zohra ve ark.,
2007; Zengin ve ark., 2008; Anwar ve ark., 2011; Colpan ve ark., 2013 ve Shahab ve ark., 2016).
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Sonuc ve Oneriler

Kibris erkenci enginar ¢esidinin bitki boyu, ana bas agirligi, bas sayisi, yapragin K ve Zn
konsantrasyonlari ile verimi iizerine K ve Zn uygulamalarinin etkilerinin belirlenmesi amaciyla KKTC’de tarla
denemesi olarak yapilan bu arastirmada ‘K x Zn’ interaksiyonunun enginarda bitki boyu, ana bas agirligi,
bitkide bas sayis1 ve yapragin Zn konsantrasyonuna etkileri istatistiki olarak %1 seviyesinde 6nemli (p<0.01)
bulunmustur. Bu iliskilerin 6nemli olmasi1 bu parametrelerin K ve Zn uygulamalarina bagh olarak degistigini
gostermektedir. Ayrica yapragin K konsantrasyonu ile verimine K ve Zn uygulamalarinm etkileri istatistiki
olarak %5 seviyesinde dnemli (p<0.05) bulunmustur.

En yiiksek bitki boyu (102.3 cm) ‘12 kg K;0O da*+ 3 kg CS da?) uygulamas ile elde edilmistir.
Ayrica *18 kg KO da+ 3 kg CS da'’ uygulamas: ile en yiiksek ana bas agirlig1 (568.3 g), bitkide bas sayisi
(16 adet ), yapragin Zn konsantrasyonu (11.05 mg kg) belirlenmistir. CS uygulanmaksizin sadece ‘18 kg K20
da> uygulamasi ile yapragin en yiiksek K konsantrasyonu (%0.58) belirlenmistir. K uygulanmaksizin sadece
‘3 kg CS da’ uygulamas: ile ise yapragm K konsantrasyonu 9%0.61 olarak saptanmistir. Hi¢ K
uygulanmaksizin sadece CS uygulamasi ile verim kontrole (5.403 kg da) gére %44 oraninda artarken, benzer
sekilde hi¢ CS uygulamasi yapilmaksizin sadece artan miktarlarda K uygulamasiyla da verim kontrole gore %7
(6 kg K20 dat) ile %19 (18 kg K20 da) arasinda degisen oranlarda artmis olup en yiiksek verim (6.308 kg
da?) 18 kg K0 da* uygulamasiyla elde edilmistir. Istatistiki olarak ‘K x Zn’ interaksiyonu énemli olmamakla
birlikte, en yiiksek verim 18 kg K,O da! + 3 kg CS da® uygulamasi ile belirlenmistir. Verime K
uygulamalarinin ortalama etkileri dikkate alindiginda, uygulamalar arasinda istatistiki olarak farkin olmasi
nedeniyle en yiiksek verim 7.640 kg da olarak belirlenmistir. CS uygulamalarmn ortalama etkileri dikkate
alindiginda ise en yiiksek verim 8.537 kg da olarak tespit edilmistir. Bu da verime Zn’nun K’a gore daha
etkili oldugunu gostermektedir. Ozellikle verimde belirlenen bu artislar oldukca 6nemli artislar olup iilke
genelinde o yilda ciftcilerin tirettigi toplam 32.173 ton enginar verimini hayli artiracak bir uygulama olarak
goziikmektedir. Ulkemizde ve KKTC’de enginarda potasyum ve ¢inkolu giibreleme ile ilgili arastirmalar
hemen hemen hi¢ olmadigindan bu aragtirma sonuglarina gore, enginar bitkisi yetistiriciliginde 6nemli olan
parametreler (bitki boyu, bas agirligi, verim, yaprak potasyum ve ¢inko kapsami) potasyum ve ¢inkolu
giibrelemelerle 6nemli diizeylere kadar artirilabilmektedir.

Ancak KKTC’de bu konuda yapilan ilk ¢aligma niteliginde olmasi nedeniyle ileriki ¢alismalarda ayni
enginar ¢esidinde farkli toprak ve iklim kosullarinda veya farkli enginar gesitlerinde K ve Zn uygulamalariin
etkileri arastirilmalidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Physicochemical Properties and Antioxidant Capacity of Artichoke
(Cynara cardunculus var. Scolymus L.) Jam Produced from Different Cultivars

Farkli Cesitlerden Uretilen Enginar (Cynara cardunculus var. Scolymus L.) Recellerinin
Fizikokimyasal Ozellikleri ve Antioksidan Kapasitesinin Belirlenmesi

Feride DURMUS!, Gulsah OZCAN-SINIR!, Kubra Gizem SAHIN!, Omer Utku COPUR'"

Abstract

Artichoke jam was prepared from three cultivars; ‘Bayrampasa’, ‘Sakiz’ and ‘Imported’ (Cypriot). Jams were
analyzed for physicochemical properties (total dry matter, total soluble solids (°Brix), pH, total acidity, reducing
sugars (%), total sugars (%), hydroxymethylfurfural, ascorbic acid and colour), antioxidant capacity (DPPH, FRAP,
CUPRAC), total phenolic content and sensory properties (color, appearance, odor, taste, consistency and overall
acceptability). Water-soluble dry matter and total dry matter contents of artichoke jams were determined between
69.75 — 70.80 g/100 g and 73.36 — 74.36 g/100 g, respectively. As a result of the colour analysis, it was observed
that L values were decreased, a values were increased and b values had no significant changes in all samples after
the jam-making process. Results of the antioxidant capacity methods were 10.21 —22.99 umol Trolox/g dry weight
in CUPRAC method, 7.41 — 7.67 pmol Trolox/g dry weight in DPPH method and 6.47 — 14.12 pmol Trolox / g
dry weight range in FRAP method, respectively. ‘Bayrampasa’ sample showed the highest total antioxidant
activity according to FRAP and CUPRAC methods and also it had the highest total phenolic content (183.36 mg
GAE/100 g). In addition, sensory analyzes including colour, odour, taste, consistency and appearance
characteristics of the jam samples were performed using “Hedonic Test” method and jam made with ‘Imported’
sample was determined as the most preferred sample. Consequently, the industry should consider using
‘Bayrampasa’ cultivar for jam production because of its antioxidant activity as well as ‘Imported’ cultivar had
better sensorial properties it can also be contemplated.

Key words: Artichoke (Cynaracardunculus var. scolymus L.), jam, antioxidant capacity, total phenolic content, color

Oz

Bu calismada ‘Bayrampasa’, ‘Sakiz’ ve ‘Ithal’ (Kibris) olmak iizere ii¢ farkli enginar cesidinden enginar recelleri
iiretilmis ve recel 6rnekleri fizikokimyasal 6zellikler (toplam kuru madde, suda ¢oziiniir kuru madde (°Briks), pH,
toplam asitlik, indirgen seker (%), toplam seker (%), hydroxymethylfurfural, askorbik asit ve renk), antioksidan
kapasitesi (DPPH, FRAP, CUPRAC), toplam fenolik bilesik icerigi ve duyusal 6zellikler (renk, goriiniis, koku, tat,
kivam ve genel kabul edilebilirlik) bakimindan incelenmistir. Enginar regellerinde suda ¢oziiniir kuru madde

miktarlarinin 69.75 ile 70.8 g/100 g, toplam kuru madde miktarlarinin ise 73.36 ile 74.36 g/100 g arasinda degistigi
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belirlenmistir. Renk analizleri sonucunda regele isleme sirasinda hammadde ile kiyaslandiginda recel 6rneklerinin
L degerlerinin azaldigi, a degerlerinin artis gosterdigi ve b degerlerinde ise 6nemli bir degisiklik olmadig
saptanmigtir. Antioksidan kapasite tayin yontemlerinden elde edilen sonuglar sirasiyla CUPRAC ydnteminde
10.21 — 22.99 pmol troloks/g kuru agirlik, DPPH yo6nteminde 7.41 — 7.67 pmol troloks/g kuru agirlik, FRAP
yonteminde ise 6.47 — 14.12 pmol troloks/g kuru agirlik araliginda degisiklik gostermistir. CUPRAC ve FRAP
yontemlerine gore en yiiksek antioksidan aktiviteye sahip drnegin Bayrampasa enginarindan iiretilen recel 6rnegi
oldugu gozlemlenmigtir. Toplam fenolik bilesik igerigi bakimindan da yine Bayrampasa enginarindan iiretilen
regellerin (183.36 mg GAE/100 g) daha yiiksek degerlere sahip oldugu tespit edilmistir. Duyusal analiz isleminin
gerceklestirilmesinde “Hedonik Test” yontemi kullanilmistir. Yapilan istatistiksel degerlendirmeler sonucunda
kivam bakimidan Bayrampasa 6rneginin daha ¢ok tercih edildigi belirlenmistir. Renk, goriiniis ve genel kabul
edilirlik bakimindan ise ‘Ithal’ enginardan iiretilen regel 6rneginin diger recel drneklerine kiyasla daha yiiksek
oranda tercih edildigi saptanmistir. Arastirma sonuglar1 hem niitrasotik hem de tiiketici tercihleri agisindan
degerlendirildiginde enginarin recele iglenmesinin piyasaya yeni bir iiriin kazandirmak amaciyla uygun olacagi
belirlenmistir.

Anahtar kelimeler: Enginar (Cynaracardunculus var. scolymus L.), regel, antioksidan kapasitesi, toplam fenolik bilesen, renk
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Artichoke (Cynara cardunculus var. scolymus L.) is a vegetable from Asteraceae family with the
Mediterranean origin, which has good sensory characteristics (flavour, taste, smell, etc.) and rich in nutrients.
It contains 86.5% water, 2.3-3% protein, 0.2-0.3% lipid, and 7.8% carbohydrate, and several minerals (K, P,
Fe, Na, and Ca), vitamins (A, B1, B2, B6, and C) and phenolic compounds (Lattanzio et al., 2009, Eser, 2002).
The artichoke plant is cultivated for its head (flower) which is rich in bioactive phenolic compounds, inulin,
fibre and minerals. In addition, the leaves of artichoke also contain a significant amount of phenolic compounds
(chlorogenic acid, 1,5- and 3,4-di-caffeoylquinic acids, and cynarin) and therefore have been used for herbal
therapy as a choleretic, diuretic, liver-protective and fat-reducing agent since ancient times (Lattanzio et al.,
2009). It was proven with many pharmacological studies that in addition to its hepatoprotective, anti-
carcinogenic, antioxidant, antibacterial, anti-HIV activities, artichoke extract is effective in removing bile fluid
from the liver and reducing cholesterol biosynthesis and LDL oxidation (Wang et al., 2003; Ciancolini et al.,
2013).

Globe artichoke has a wide place especially in agricultural areas of Mediterranean countries. It is
mostly produced in Italy (365.991 tonnes), Egypt (236.314 tonnes), Spain (185.801 tonnes), China (85.532
tonnes) and France (45.914 tonnes). As well as it is grown in ear-east countries like Turkey and Iran, Northern
Africa region (such as Morocco, Algeria, Tunisia) and South America (FAO, 2018). Bayrampasa and Sakiz
cultivars are widely grown in Turkey since artichoke production is carried out by vegetative methods. Also,
native and imported (Cypriot) artichoke cultivars are consumed as canned or frozen. Izmir (11.845 tonnes/year),
Bursa (5.724 tonnes/year), Aydin (6.291 tonnes/year) and Sakarya (6.217 tonnes/year) are most popular cities
for artichoke production because of their suitable climate (TUIK, 2018).

Nowadays increase in demand for food in parallel with the increase in the population, preservation
and storage of food, and extension in shelf life are an important issue for consumers. Because long-term storage
of fruit and vegetables is difficult, they can be preserved by using various techniques (cold storage, freezing,
canning, processing into jam etc.). As a result of the high respiration rate of artichoke plant after harvesting, it
is subjected to a rapid loss of weight and nutrients with mechanical, biochemical, physiological and microbial
degradation. For this reason, studies on artichoke were mainly focused on extending its shelf life. One of the
conservation methods used for this aim is jam making. The main purpose of this method is to prevent microbial
activities by decreasing the water activity of artichoke (Shinvari and Rao, 2018; Wolf, 2016, Muratore et al.,
2015). Foods that have high sugar content such as jam and marmalade, keeps the water activity around 0.8. By
this way, spoilage caused by osmophilic and osmotolerant microorganisms is substantially prevented
(Cemeroglu et al. 2001). Sakiz, Bayrampasa and imported (Cypriot) cultivars were chosen for jam production
in the present study since they are most consumed cultivars in Turkey.

The objective of the present study was to produce artichoke jam from three different cultivars
(Bayrampasa, Sakiz, and Cypriot) and compare their physicochemical properties, antioxidant capacity and total
phenolic content as well as their sensorial acceptance.
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Materials and Methods

Material

Bayrampasa (BP) and Sakiz (S) artichokes used in the research were procured as fresh in harvest
period from manufacturers in Bursa and Aydin provinces, vacuum-packed, and stored at -18°C until processed
into jam. The import (1) artichoke was purchased from a local market as peeled, cleaned and frozen. The
artichoke hearts were smooth round tray shaped (average diameter between 7-12 cm) and were processed into
jam before browning occurred due to polyphenol oxidase enzyme.

Jam Production

Artichoke hearts were cut into 1x1 cm cubes and kept in 0.2% citric acid solution until jam production
in order to prevent enzymatic activity, then they rinsed with drinking water to cleanse from residual citric acid.

Sugar, cinnamon sticks, clove and drinking water were added on chopped artichoke cubes placed in
open stainless steel kettle and cooked without stirring. In the formulation, 350 g of artichoke heads, 350 g of
sugar, 2 g of cinnamon sticks, 0.1 g of clove, 0.8 g of citric acid and 297.1 g of drinking water were used for
the production of 1 kg of jam. After boiling started, Brix was checked at certain intervals and citric acid was
added when the Brix reached 72° (Tamer, 2011). After this process, jams were cooked for 5 more minutes and
rapidly cooled to 80-85°C for filling. After filling into glass jars, lids were tightly closed and pasteurization
was carried on 98°C for 15 minutes (Jawaheer et al., 2003). Jam samples were produced with 3 parallels and 3
jars for every parallel of each cultivar (BP, I, and S).

Chopped artichoke

v

Mixing with sugar, cinnamon and clove

v

Cooking

v

Adding of citric acid

v

Judging of endpoint (TSS 72°Bx)

v

Bottling

v

Pasteurization (98°C, 15 min)

‘

Sto fage

Figure 1: Jam production from frozen artichoke heart
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Analyzes of Jam
Analyzes were applied on jam samples as 3 parallels for every sample (BP, I, and S).

Raw materials (frozen artichokes) were subjected to moisture, ascorbic acid, colour (L, a, b),
antioxidant capacity (DPPH, FRAP, and CUPRAC), and total phenolic content analysis. Artichoke jams were
subjected to water-soluble dry matter (Brix), total acidity, pH, ascorbic acid, colour (L, a, b), antioxidant
capacity (DPPH, FRAP, and CUPRAC), and total phenolic content analyzes. Sensorial analysis (hedonic test)
including colour, smell, appearance, taste, and consistency were performed in jams.

Physicochemical Analysis

Determination of water-soluble dry matter (Brix)

Water-soluble dry matter (Brix) was determined at 20°C with a refractometer (RA-500 model KEM
digital refractometer) as “g/100g” (AOAC, 1980).

Determination of pH

Frozen artichoke and jam samples were mashed and pH values were determined by measuring at room
temperature by using pH meter (Sevencompact pH/lon Mettler Toledo) (Cemeroglu, 2007).

Determination of total acidity

Jam samples were mashed and total acidity was determined by potentiometric method. Samples were
titrated to pH 8.1 with 0.1 N NaOH and total acidity values were calculated in g/100 g citric acid (AOAC,
1996).

Colour determination

Colour analysis of the artichoke jam samples was carried out using the Konica Minolta CR-5 (Japan)
colour analyzer. Hunter L, a, b values were analyzed (Bakirci et al., 2016).

Determination of sugar (Lane-Eynon Method)

Determination of reducing Sugar

5 g of the sample was weighed and transferred to 250 mL volumetric flask, and the flask was filled
with distilled water to its half-point. 10 mL of Carrez | and 10 mL of Carrez Il solutions were added thereon
for clarification. The flask was filled to its line with distilled water, left for 10 minutes and filtered. Then, the
obtained filtrate was filled in a burette. 5 mL Fehling A and 5 mL Fehling B solutions were added in an
Erlenmeyer and boiled swiftly on high heat. After boiling, 2-3 drops of 1% methylene blue were added in 2
minutes and titration was performed with the filtrate in the burette. Filtrate consumption was recorded and the
amount of degraded sugar was calculated with the associated formula (AOAC, 1984).

Determination of total sugar

50 mL was taken from the filter prepared for determination of invert sugar and transferred to 100 mL
measuring flask. 5 mL of concentrated HCI (37%) was added and the lid of the flask was sealed and kept in a
67°C water bath for 5 minutes. The filtrate removed from the water bath was rapidly cooled under cold water
flow and neutralized with 5 N NaOH. After completed to the level 100 mL with distilled water, it was used for
titration like the invert sugar determination process. Sugar amounts were expressed in g/100 g (AOAC, 1984).
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Determination of HMF

5 g of the homogenized test sample was taken and transferred to the 100 mL labelled measuring flask
and 50 mL of distilled water was added. 2 mL of Carrez | and Carrez 11 were added respectively. The measuring
flask was diluted to the marked point with distilled water, mixed and filtered. 2 mL of the test solution was
added to each of the four test tubes (A, B, C, and D) by means of a pipette. 5 mL of p-toluidine reagent was
added to each of the tubes, the lids were closed and shaken and rested for 2 minutes. Unlike other tubes, 1 ml
of distilled water was added to the content of tube A, and the tube was shaken. The cuvette was filled with this
solution. 1 mL of barbituric acid solution was added to the contents of the tubes B, C and D, and the tubes were
shaken. Cuvettes were filled with these solutions and the absorbance was measured at 550 nm against the
reference solution (distilled water) within 3-4 minutes after the addition of barbituric acid solution (AOAC,
1983).

Determination of total dry matter

Approximately 3-5 g of crushed jam samples were added to the nickel containers containing sand +
baguette which were counterweighted in drying oven at 65-67°C and the processed samples were weighted
periodically until they reach fixed weight (Kirk ve Sawyer 1991).

Determination of ascorbic acid

10 g of jam sample was weighed and mixed with 70 mL of 4% oxalic acid solution and then filtered.
As the control solution, 1mL of the oxalic acid solution and 9 mL of dye solution (2,6-dichlorophenol
indophenol) were mixed and spectrophotometer was used to read the transmission values (L1) at 520 nm. The
same procedure was applied for 1 mL of filtrate and 9 mL of dye solution mixture (L2), as a result, two
transmission values were determined and the difference of two values was taken and the amount of ascorbic
acid (mg / 100 g) was determined (Tamer, 2012).

Antioxidant capacity and total phenolic content analysis

Extraction for total phenolic content and antioxidant activity analysis

20 mL of extraction solution (HCI: methanol: water, 1:80:10) was added on 2 g of artichoke and
artichoke jam samples (Beta et al., 2016; Vitali et al., 2005). Samples were kept in shaking water bath at 20°C
for 2 hours (Memmert WNB 22). After then, samples were centrifuged at 3500 rpm for 10 min (Sigma 3K30).
The supernatants obtained after centrifugation were used for total phenolic content and antioxidant capacity
analyzes.

Determination of total phenolic content

0.25 mL extract, 2.3 mL distilled water and 0.15 mL Folin-Ciocalteu (FC) reagent (1 unit of FC:
prepared using 5 units of distilled water) were used for the analysis. The mixture was then vortexed for 15
seconds. Saturated Na,COj; (35%) was added thereon and the content of the tube was shaken and kept in dark
for 2 hours. After 2 hours, the absorbance of the sample taken from the tube was compared to the blank sample
prepared with distilled water at 725 nm and the result was calculated by means of the formula obtained from
prepared gallic acid curve (R>=0.9835) as “mg gallic acid equivalent/100g” (Zhang and Hamauzu, 2004).

Determination of antioxidant capacity

DPPH (2-diphenyl-1-picrylhydrazyl) (Katalinic et al., 2006), FRAP (Ferric Reducing Antioxidant
Power) (Benzie and Strain, 1996) and CUPRAC (Copper (11) reducing antioxidant capacity) (Apak et al., 2005)
methods were used for the determination of antioxidant capacity. All of the results were given as pmol TE
(Trolox equivalent)/g in frozen artichoke and artichoke jam by using equation obtained from calibration curves.
R? values of curves were determined as 0.99, 0.97 and 0.99 for DPPH, FRAP and CUPRAC methods,
respectively.
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DPPH

3.9 mL DPPH (6x10° M) was added on 0.1 mL extract and after being kept for 30 minutes in dark,
absorbance was performed on 515 nm. For the calibration curve, 0.0256 g Trolox (1x10-3 M) was weighed and
completed to 100 mL with pure methanol.

CUPRAC

1 mL of Cu (Il) chloride solution (1x102 M), 1 mL of neocuproin alcohol solution (7.5x10- M) and
1 mL of ammonium acetate solution (1 M) were mixed. X mL extract and (1-x) mL of distilled water are added
thereon. After 30 min, the absorbance values were measured at 450 nm.

FRAP

In the FRAP method, 3 mL was taken from daily prepared FRAP solution (25 mL 0.3 mol/L acetate
buffer solution (pH 3.6), 2.5 mL 20 mmol/L, FesCl x 6H,0 and 2,. mL 10 mmol/L TPTZ solution) (37°C) and
mixed with 300 uL distilled water and 100 uL of sample to be tested (or with extraction solution for the control
group). Samples to be analyzed and the control sample were placed in a water bath (37°C) for 60 minutes. At
the end of the incubation, reading was carried out at 595 nm without any delay.

Sensory Analysis

Hedonic test was applied to determine which jam of the artichoke species used will be preferred the
most (Basu and Shivhare, 2011). In the hedonic test conducted with a group of 10 trained-panelists, the products
were evaluated in terms of colour, appearance, taste, smell and consistency.

Statistical analysis

The data obtained in the study were subjected to variant analysis three times in accordance with
“Randomized Block Design”. LSD test in the level of 5% probability was used for calculation of the difference
between the averages. Calculations were conducted with “JMP 14” statistics software.

Results and Discussion

Physicochemical Analysis

The results of the physicochemical analysis of artichoke jams are shown in Table 1 and Table 2. Total
dry matter amount was determined between 73.36 and 74.36 g/100g in artichoke jams and 14.01 g/100g in the
raw material. Water-soluble dry matter amounts of jam samples were determined between 69.75 and 70.8 g/100
g. Water-soluble dry matter of product is generally between 65% or 68% with the addition of sugar to prevent
microbiological degradation of the product (Basu and Shivhare, 2010). In the Turkish Food Codex
(Anonymous, 2006), it is specified that water-soluble dry matter amount determined by means of refractometer
in traditional and extra-traditional jams must be minimum 68% and pH range must be between 2.8 and 3.5.
The total acidity values of artichoke jams were found to be between 0.08 and 0.11 g/100 mL, and the pH values
were found to be between 3.40 and 3.81. The reason for the pH value determined in the study to be different
from the Turkish Food Codex is the fact that acidity of the artichoke plant was low compared to many other
plants.

Ascorbic acid values of the jams were found to be 1.42 and 4.07 mg/100 g. Ascorbic acid content and
the rate of exposure to heat treatment may vary depending on the variety of artichoke. In frozen artichoke, the
ascorbic acid value was detected as 11.98 mg/100g and compared to this ascorbic acid content of the jams was
determined significantly low. It is known that loss of ascorbic acid occurs in heat treatment processes. In a
study conducted by Jawaheer et al. (2003), stated that after the jam-making process, the ascorbic acid content
of guava fruit reduced by 39%. Even though the raw materials used in these two studies are different, this can
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be associated with the fact that ascorbic acid is the vitamin that is the most prone to oxidation and that oxidation
speed increases directly proportional to ambient temperature (Dauthy, 1995).

Table 1: Physicochemical properties of artichoke jam samples

Total dry matter (g/100 g) 74.36+0.44% 74.19+1.78% 73.36+0.09% 14.01+0.99°
Water soluble dry matter (g/100g) 69.75+0.25° 70.8 +£0.32 69.92+0.22°
Total acidity (g/100 g)* 0.09 + 0.00° 0.08+0.00? 0.11£0.01° 0.05+0.00¢
pH 3.40+0.02° 3.49+0.23% 3.81+0,12° 4.66+0.012
Ascorbic acid (mg/100 g) 4.07+0.15° 1.42+0.55¢ 4.07+0.25° 11.98+0.36%
Colour
L 30.88+0.22° 22.48+0.02° 27.24+0.69 64.9+4,822
a 7.18£0.10° 10.93+0.112 9.78 £0.42° 0.410.04¢
b 26.89+0.00% 26.55+0.00% 23.69+0.17° 24.13+0.63°
HMF (mg/kg) 51.79+0.32° 36.09+6.95° 39.97+1.17°
Sugar
Total sugar (g/100 g) 69.92 63.17 59.51
Reducing sugar (g/100 g) 35.84 43.69 15.75

*: as citric acid,

I: Artichoke jam made from imported artichoke, BP: Sample of artichoke jam produced from
Bayrampasa artichoke, S: Sample of artichoke jam produced from Sakiz artichoke the samples shown in
different letters in the same row are statistically different (p <0.01)

One of the most important characteristics that determine the visual quality of food products is colour.
The L, a, and b values of the artichoke jams used in the study are provided in Table 1. Significant changes in
the original fruit colour can occur during the production processes in jams (Igual et al., 2014). It was determined
that L value, which is an indicator of light and consistency, was 64.9 in frozen artichokes and it was found that
it decreased in average 41.40% in jam samples compared to frozen artichokes. The decrease in L indicates that
consistency is decreased. It was determined that a value, which expresses redness (+) and greenness (-),
increased by 26 times by processing the artichoke into jam. Increase in a value could be caused by non-
enzymatic browning reactions and other ingredients in jam samples such as cinnamon sticks and cloves. b
values of yellowness (+) and blueness (-) were found to be 24.13 on frozen artichokes and no significant change
was observed when compared to jam samples (p<0.01). In particular, the decrease in L value is caused by the
heat treatment applied during the jam processing causing browning. In addition, preparation and the open-
kettle process could cause oxidation and degradation of colour pigments and this may cause changes in colour
values during jam production.

HMF is an important quality index in jams. High and long heat treatment and high storage temperature
are the main reason of HMF in jams. High HMF content gives off and burnt flavour, which causes a negative
effect on consumer’s preference. In the study, HMF amounts of artichoke jam were found to be between 36.09
and 51.79 mg/100 g. In the literature, it was suggested that the amount of HMF should not exceed 50 mg/kg in
first-grade jams and 100 mg/kg in second-grade jams (Giilpek and Basoglu, 1989; Bilisli, 1998) and the values
determined in our study is in line with the literature.

The total sugar content of artichoke jams was found to be 59.51 and 69.92 g/100 g and reducing sugar
amounts were within the range of 15.75 and 43.69 g/100 g. The time of heat treatment applied during cooking
of the jam samples varied in each sample until the desired amount of water-soluble dry matter. Since the
increase in reducing sugar ratio depends on the pH value, heating temperature and duration (Giizel and Mercan,
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2004), the reducing sugar content of jam samples varied considerably. Sahu (2016) reported that the total sugar
values in the jams produced from Aonla Fruit (Emblica Officinalis Syn.) ranged between 50.51 and 51.96 g/100
g and reducing sugar values were between 42.07 and 43.50 g/100 g. According to Cemeroglu & Acar (1986),
in order to prevent the crystallization in jams, the proportion of reducing sugar should be between 3-43% for
jams with a total dry matter ratio of 65%. The results obtained were consistent with the previous studies.

Table 2: Antioxidant capacity and total phenolic content of frozen artichoke and artichoke jam samples

Antioxidant Capacity (umol

TE*/g dw)
DPPH 7.67+0.03° 7.41 +0.40° 7.61+0.10° 38.92+0.10%
CUPRAC 10.21£0.06° 12.86+0.82° 22.99+1.62° 110.78+3.54
FRAP 6.47 +0.08° 8.05+0.98° 14.12 +1.38° 79.29+9.09°
Total Phenolic Content (mg 142.09+18.21° 145.37+5.64° 183.39+4.06° 814.70+58.98%
GAE** /100 g)

* umol TE (Trolox equivalent) /g dw (dry weight) **GAE: Gallic acid equivalent, Samples shown in different letters in the same row are
statistically different (p <0.01)

I: Artichoke jam made from imported artichoke, BP: Sample of artichoke jam produced from
Bayrampasa artichoke, S: Sample of artichoke jam produced from Sakiz artichoke, DE: Frozen Artichoke Heart

The antioxidants neutralize the free radicals that appear as secondary metabolites in the human body
and prevent the negative effects caused by these molecules. The human body has various mechanisms to
prevent damage to the cellular size caused by free radicals due to the high antioxidant containing nutrients
(Oroian and Escriche, 2015).

The antioxidant capacity of frozen artichoke used as raw material was calculated as 38.92 pmol
Trolox/g dry weight with DPPH method. As a result of the analysis conducted with DPPH method, Rouphael
et al. (2016) reported that antioxidant capacity of fresh artichoke heart was changed between 10.9 and 22.6
umol Trolox/ 100 g dry weight. When the results obtained in our study and the values obtained from the
literature were compared, it was observed that the raw material used in jam-making had higher antioxidant
capacity. The reason for this situation can be explained by the fact that the growing regions and variety of the
artichoke heads analyzed are different and processes after the harvest may vary.

When antioxidant capacities of artichoke jams were evaluated according to the DPPH method, it was
determined that the sample I had the highest antioxidant capacity with 7.67 umol Trolox / g dry weight. It was
determined that this sample was followed by BP and S samples with 7.61 and 7.41 umol TE/g DW values
respectively. In a study conducted by Lutz et al. (2011) antioxidant capacity was measured after cooking a
mature artichoke heart. They determined the % inhibition value of mature and cooked artichoke hearts is
reported as 34.56 with DPPH method.

The antioxidant capacity determined by the CUPRAC method in frozen artichoke was found to be
110.78 umol TE/g dw. Antioxidant capacity values of I, S and BP varieties were determined as 10.21, 12.86
and 22.99 umol TE/g dw respectively. In comparison, the frozen artichoke sample had a high antioxidant
capacity, while jam samples had lower. BP sample was observed to have a higher antioxidant value compared
to the other two samples.

In the analysis using the FRAP method, the antioxidant capacity value of the frozen artichoke heart
was 79.29 pmol TE/g dw. In the same method, it was observed that the BP sample had the highest antioxidant
capacity with 14.12 umol TE/g dw followed by S and I samples with 8.05 and 6.47umol TE/g dw respectively.
In a study where Jiménez-Escrig et al. (2003) determined the antioxidant capacity in lyophilized artichoke heart
samples with FRAP method, as 235 pumol TE/g dw. A clear difference can be seen between the values
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determined in this study and the literature. The reason might be explained by the difference between the
varieties of artichokes used and the jam-making processes.

In the comparisons made by DPPH, FRAP and CUPRAC methods, a significant decrease around 80-
90% in antioxidant content was detected in artichoke jams from raw material. A study conducted on the
antioxidant activity of 6 cultivars of raspberry and blackberry showed that 73.42-95.16% decrease in
antioxidant activity between raw materials and jam samples (Tamer, 2011). Natural polyphenols included in
the structure of the raw material deteriorate because of the heat treatment applied during jam production.
Moreover, complex reactions of lipid oxidation products, ascorbic acid and polyphenolic components cause a
reduction of antioxidant activity during both processing and storage (Frankel, 2007).

The total phenolic content of the frozen artichoke heart was found as 814.70 mg GAE/100 g dry
weight. It was observed that the total phenolic component content was quite low in artichoke jams compared
to the frozen artichokes. The decrease of total phenolic content was determined between 75-82% in total
phenoalic content from raw material to jam. The BP sample had the highest total phenolic content with 183.39
mg GAE/100 g dry weight value. S and | samples were found as close to each other with 145.37 and 142.09
mg GAE/100 g dry weight values, respectively. In a study, the total phenolic content of black carrot jam was
analyzed; a reduced rate compared to raw material was 89.2 to 90.5%. It was explained by the fact that the heat
treatment applied during jam production caused deterioration in cellular structure and the raw material becomes
prone to non-enzymatic oxidation (Kamiloglu et al., 2015).

Sensory Analysis

The results of the sensory analysis of artichoke jams produced using the same formulation from three
different artichoke varieties are given in Table 3. As a result of the sensory analysis, it was determined that
colour, appearance, and consistency characteristics of jam samples are statistically significant and smell and
taste characteristics were statistically non-significant. The sample I was found to have the highest average value
in terms of colour and appearance and was found much desirable than other samples. In terms of consistency,
the BP sample was found desirable much more than other jam samples. The overall acceptability values of the
jam samples were changed between the range of 3.6-4.5 and the most preferred jam sample was found to be |
with an average of 4.5.

Table 3: Sensory analysis of artichoke jam

3.30+0.82%® 3.20+1.03° 4.00+0.67™ 4.20+0.63™ 3.10+0.88° 3.60+0.70°
BP 2.90+0.89° 3.60£1.07% 4.20+0.57™ 4.20+0.92™ 4.10+0.57¢ 4.00+£0.47%®
| 4.10+0.87¢ 4.30+0.68° 4.10+0.99™ 4.50+0.71™ 3.7+0.82% 4.50+0.97°

Samples shown in different letters in the same column are statistically different (p <0.01) I: Artichoke
jam made from imported artichoke, BP: Sample of artichoke jam produced from Bayrampasa artichoke, S:
Sample of artichoke jam produced from Sakiz artichoke, DE: Frozen Artichoke Heart

Conclusion

The jam making process is one of the alternative methods to extend the self-life of artichokes in terms
of physicochemical and microbiological. The ascorbic acid content in jams was observed to decrease compared
to raw material. The highest reduction was observed in Bayrampasa, while Sakiz and Imported preserved
ascorbic acid content compared to fresh artichoke.

According to CUPRAC and FRAP assays, the highest antioxidant capacity, as well as total phenolic
content, was observed in jam samples produced from Bayrampasa cultivar. Also, statistical analyzes of
sensorial acceptability showed that it was preferred in terms of consistency more than other samples. The
imported artichoke was preferred in terms of colour, appearance and overall acceptability. According to
nutritional value and consumer preferences, it is suitable to apply the jam-making process to artichoke.

200



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(2)

References

Anonymous. 2006. Turkish Food Codex — Regulations for jams, jellies, marmalades and sweetened chestnut purée. Official Gazette 26392.
Association of Analytical Communities — AOAC. 1980. Solids (soluble) in fruits and fruit products: 932.12. Rockville: AOAC International.
Association of Analytical Communities — AOAC. 1996. Solids (soluble) in fruits and fruit products: 962.19. Rockville: AOAC International.

Association of Analytical Communities — AOAC. 1984. Official methods of analysis: sugar and sugar products: 968.28. Rockville: AOAC
International.

Association of Analytical Communities — AOAC. 1983. Official methods of analysis: HMF in honey, Spectrophotometric method: 980.23.
Rockville: AOAC International.

Apak, R., Giiclii, K., Ozyiirek, M., Karademir, S.E., & Altun, M. 2005. Total antioxidant capacity assay of human serum using copper (I1)-
neocuproine as chromogenic oxidant: The CUPRAC method. Free Radical Research 39: 949-961.

Bakirci, S., Dagdemir, E., Boran, O.S., & Hayaloglu, A.A. 2016. The effect of pumpkin fibre on quality and storage stability of reduced-fat
set-type yogurt. International Journal of Food Science & Technology 52:180-187.

Basu, S., and Shivhare, U.S. 2010. Rheological, textural, microstructural and sensory properties of mango jam. Journal of Food Engineering
100:357-365.

Basu, S., Shivhare, U.S., Singh, T.V., & Beniwal, V.S. 2011. Rheological, textural and spectral characteristics of sorbitol substituted mango
jam. Journal of Food Engineering 105:503-512.

Beta, T., Nam, S., Dexter, J.E., & Sapirstein, H.D. 2005. Phenolic content and antioxidant activity of pearled wheat and roller-milled fractions.
Cereal Chemistry 82:390-393.

Benzie, I.F.F., & Strain, J.J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of "antioxidant power": The FRAP assay.
Analytical Biochemistry 239:70-76.

Bilisli, A. 1998. Regel ve Benzeri Uriinler Teknolojisi. Tav Yaymlari, Yalova.

Cemeroglu, B., & Acar, J. 1986. Meyve ve Sebze Isleme Teknolojisi. Gida Teknolojisi Dernegi Yayin No:6, Sanem Matbacilik, Ankara.
Cemeroglu, B., Yemenicioglu, A., Ozkan, M. 2001. Meyve ve Sebzelerin Bilesimi. Sogukta Depolanmalari (1). Gida, 24(3):21-25.
Cemeroglu, B. 2007. Gida Analizleri. Gida Teknolojisi Dernegi Yayinlari, No: 34, Ankara.

Ciancolini, A., Alignan, M., Pagnotta, M.A., Miquel, J., Vilarem, G., & Crino, P. 2013. Morphological characterization, biomass and
pharmaceutical compounds in Italian globe artichoke genotypes. Industrial Crops and Products 49: 326-333.

Dauthy, M.E. 1995. Fruit and Vegetable Processing. Food and Agriculture Organization of the United Nations, Rome.
Eser, B. 2002. Enginar Yetistiriciligi. Retrieved from: www.agr.ege.edu.tr [15.07.2019]
Frankel, E.N. 2007. Antioxidants in Food and Biology, Facts and Fiction. The Qily Press, Bridgwater.

Giilpek, N., & Basoglu, F. 1989. Taze ve dondurularak muhafaza edilmis ¢ilek kullanilarak yapilan regellerin kalitesi {izerine bir aragtirma.
Gida 14:121-128. Retrieved from: http://dergipark.org.tr/gida/issue/6875/92053 [15.07.2019]

Giizel, Y.M., & Mercan, T. 2004. Farkh Regeteler Kullanilarak Uretilen Cilek Regellerindeki Hidroksimetilfurfural (HMF) Olusumu ve
Depolama Siiresindeki Degisimi. Gida ve Yem Bilimi Teknolojisi 6:1-7.

Igual, M., Contreras, C., & Martinez-Navarrete, N. 2014. Colour and rheological properties of non-conventional grapefruit jams: Instrumental
and sensory measurement. LWT-Food Science and Technology 56:200-206.

Jawaheer, B., Goburdhun, D., & Ruggoo, A. 2003. Effect of Processing and Storage of Guava Into Jam and Juice on the Ascorbic Acid Content.
Plant Foods for Human Nutrition 58:1-12.

Jimeénez-Escrig, A., Dragsted, L.O., Daneshvar, B., Pulido, R., & Saura-Clixto, F. 2003. In Vitro Antioxidant Activities of Edible Artichoke
(Cynara scolymus L.) and Effect on Biomarkers of Antioxidants in Rats. Journal of Agricultural and Food Chemistry 51:5540-5545.

Kamiloglu, S., Pasli, A.A., Ozcelik, B., Van Camp, J., & Capanoglu, E. 2015. Influence of different processing and storage conditions on in
vitro bioaccessibility of polyphenols in black carrot jams and marmalades. Food Chemistry 186: 74-82.

Katalinic, V., Milos, M., Kulisic, T., & Jukic, M. 2006. Screening of 70 medicinal plant extracts for antioxidant capacity and total phenols.
Food Chemistry 94: 550-557.

Kim, D.P., & Padilla-Zakour, O.l. 2004. Jam Processing Effect on Phenolics and Antioxidant Capacity in Anthocyanin-rich Fruits: Cherry,
Plum, and Raspberry. Sensory and Nutritive Qualities of Food 69: 395-400.

Kirk, S., & Sawyer, R. 1991. Pearson's composition and analysis of foods. Teddington, Middlesex.

201


http://dergipark.org.tr/gida/issue/6875/92053

Durmus &Ozcan-Sinir& Sahin & Copur

Determination of physicochemical properties and antioxidant capacity of artichoke (Cynara carduncuus var Scolymus L.) jam produced from different cultivars

Lattanzio, V., Kroon, P.A., Linsalata, V. & Cardinali, A. 2009. Globe artichoke: A functional food and source of nutraceutical ingredients.
Journal of Functional Foods 1:131-144.

Lutz, M., Henriquez, C. & Escobar, M. 2011. Chemical composition and antioxidant properties of mature and baby artichokes (Cynara
scolymus L.), raw and cooked. Journal of Food Composition and Analysis. 24:49-54.

Muratore, G., Restuccia, C., Licciardello, F., Lombardo, S., Pandino, G. & Mauromicale, G. 2015. Effect of packaging film and anti-browning
solution on quality maintenance of minimally processed globe artichoke heads. Innov Food Sci Emerg Technol 31:97-104.

Oroian, M. & Escriche, . 2015. Antioxidants: Characterization, natural sources, extraction and analysis. Food Research International 74:10—
36.

Rouphael, Y., Bernardi, J., Cardarelli, M., Bernardo, L., Kane, D., Colla, G. & Lucini, L. 2016. Phenolic Compounds and Sesquiterpene
Lactones Profile in Leaves of Nineteen Artichoke Cultivars. Journal of Agricultural and Food Chemistry 64:8540-8548.

Sahu, G. 2016. Studies on utilization of aonla fruit (Emblica Officinalis Syn.) for preparation of jam and preservation of aonla fruit products.
Journal of Agriculture and Technology 3:48-55.

Shinvari, K.J. & Rao, P.S. 2018. Stability of bioactive compounds in fruit jam and jelly during processing and storage: A review. Trends in
Food Science and Technology 75:181-193.

Tamer, C.E. 2012. A research on raspberry and blackberry marmalades produced from different cultivars. Journal of Food Processing and
Preservation 36:74-80.

Vitali, D., Vedrina Dragojevic, I., & Sebecic, B. 2009. Effects of incorporation of integral raw materials and dietary fibre on the selected
nutritional and functional properties of biscuits. Food Chemistry 114: 1462-1469.

Wang, M.F., Simon, J.E., Aviles, |.F., He, K., Zheng, Q.Y., & Tadmor, Y. 2003. Analysis of antioxidative phenolic compounds in artichoke
(Cynara scolymus L.). Journal of Agricultural and Food Chemistry 51:601-608.

Wolf, B. (2016). Confectionery and Sugar-Based Foods. [Online]. Reference Module in Food Science. Retrieved from:
https://www.sciencedirect.com/science/article/pii/B9780081005965034521 [15.07.2019].

Zhang, D., & Hamauzu, Y. 2004. Phenolics, ascorbic acid, carotenoids and antioxidant activity of broccoli and their changes during
conventional and microwave cooking. Food Chemistry 88: 503-509.

202


https://www.sciencedirect.com/science/article/pii/B9780081005965034521

Mayis/May 2020, 17(2)

[ ]
. . Basvuru/Received: 02.10.2019
JOtCI f Journal of Tekirdag Agricultural Faculty KabullAccepted: 24.04.2020

Tekirdag Ziraat Fakiltesi Dergisi DOI: 10.33462/jotaf.628563

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

ARASTIRMA MAKALESI RESEARCH ARTICLE
Yield and Quality of Two Soybean Cultivars in Response to Drought and N Fertilization
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Abstract

Applying mineral fertilizers is one way of re-fertilizing soils being exploited in agricultural production. However,
fertilization quantity should be controlled and pre-evaluated, as excessive amounts have negative influence on both
the plants and the soil. Drought stress has negative effects on both the quantity (yield) and the quality (seed content)
of crops, especially drought-sensitive crops such as soybean; however, fertilization, if adequately applied, can
partially ameliorate those negative effects. An experiment was conducted in Debrecen, Hungary in 2017 and 2018
to study the effects of nitrogen fertilization application under drought stress on the yield and the seed protein and
oil concentrations of two soybean cultivars. Three N fertilization rates; 0, 35 and 105 kg ha* were applied under
two irrigation regimes; Irrigated (control) and drought stressed (non-irrigated) regimes. Results showed that yield
trait responded differently to fertilization and irrigation in the two cultivars. Protein concentration was enhanced
by irrigation and by the high rate of N-fertilizer. Oil concentration decreased by irrigation and by high-rate
fertilization under drought conditions, whereas increased by high-rate fertilization under irrigated regime. It was
concluded that high rate of N-fertilizer is not always recommended for the studied cultivars, especially when
drought conditions are not present.
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Soybean (Glycine max (L.) Merrill) is the most seed legume grown globally; it is considered as a main
source of vegetable protein and oil (Maleki et al., 2013; Mutava et al., 2015), and these two components are
determined by the (genotype~environment) interaction (Wilson, 2004). It is generally accepted that high yield
in soybean is negatively correlated with protein concentration (Liang et al., 2010); moreover, oil and protein
concentrations are usually negatively correlated (Chung et al., 2003).

Soybean yield is highly affected by drought stress (Fan et al., 2013; Li et al., 2013) which increasingly
had occurred recently and, threatening world’s food security (Vurukonda et al., 2016). Not only yield, but also
seed quality of soybean is affected by drought (Vurukonda et al., 2016) because of soybean's high sensitivity
to drought stress (Maleki et al., 2013). However, yield decrease-levels differ among genotypes (He et al., 2017).
It was previously reported that drought stress reduced protein (Boydak et al., 2002; Carrera et al., 2009)and oil
(Bellaloui and Mengistu, 2008; Rotundo and Westgate, 2009) concentrations, whereas other reports reported
increased protein (Kumar et al., 2006; Wang and Frei, 2011) and oil concentration (e.g. Boydak et al., 2002;
Specht et al., 2001); these differences were explained by different severities and/ortimings (stages) of drought
stress applied (Carrera et al., 2009).

Nitrogen (N) is majorly important for plant growth and yield; it is vital for many processes like
chlorophyll and protein synthesis. Fageria and Baligar (2005) reported that N is very important for soybean
vegetative growth and optimum biomass. The two main sources of (N) for soybean plants are biologically-
fixed N2 and mineral (N) (Salvagiotti et al., 2008). N fertilization must be provided if a deficiency in fixed-
N2occurs (Miransari, 2016), or else leaf-N will be remobilized to the seeds, leading to reduced photosynthesis
and, eventually, reduced yield (Salvagiotti et al., 2008). N fertilization increases soybean drought tolerance by
enhancing shoot nitrogen accumulation and shoot biomass (Purcell and King, 1996).

Our experiment aimed to determine the influence of applying different N-fertilizer rates on the yield
and the seed quality of two soybean cultivars under drought stress in comparison to irrigated control.

Method

Two soybean cultivars; ‘Boglar’ (00 maturity group) and ‘Pannonia kincse’ (I maturity group)
(Bonafarm company, Hungary) were sown in the experimental site of Debrecen University (Latokép) (N.
latitude 47° 33', E. longitude 21° 27") in 2017 and 2018 growing seasons. The soil type was calcareous
chernozem, the precipitation amounts during the growing season of both years of study are shown in Figure 1,
and the soil nutrient content is presented in Table 1.
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Graph 1 Water amounts in drought-stressed (DS) and irrigated (I) regimes in 2017 (a) and 2018 (b).
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Table 1 Soil Nutrient Content in The Experimental Site.

0-25 6.46 0 0.150 1334 239.8
25-50 6.36 0 0.120 48.0 173.6
50-75 6.58 0 0.086 40.4 123.0
75-100 7.27 10.25 0.083 39.8 93.6

100-130 7.36 12.75 0.078 31.6 78.0

Three N-fertilizer rates; 0, 35 and 105 kg ha* N (using ammonium nitrate NHsNO3) (0O N, 35 N and
105 N, respectively) were applied under two irrigation regimes; drought stress (DS) regime (where the
precipitation was the only source of irrigation water) and irrigated (control) (1) regime (where an additional 80
and 100 mm of irrigation water was supplied in 2017 and 2018, respectively) (Fig. 1). The experimental design
was split-split-plot design, with cultivars as the main plots, irrigation treatments as the sub-plots and
fertilization treatments as the sub-sub plots. The final plot number was 48 plots (2 cultivars * 3 fertilization
rates * 2 irrigation regimes * 4 replications). The dimensions of each plot were 9.2 * 5.4 = 49.68 m? with 12
rows (45 cm row spacing) in each plot.

The yield was determined by harvesting the middle 4 rows of each plot. Both protein and oil
concentrations were determined using NIR analyser Granolyser (Pfeuffer, Germany).

The analysis of variance (ANOVA) was conducted to compare the means of each treatment, and then
tukey post-hoc test was conducted to indicate the statistically different means using SPSS (ver.25) software.

Findings
Yield (kg ha't)

For cultivar 'Pannonia Kincse', applying N fertilizer under drought stress conditions enhanced yield
as compared to non-fertilized control;. When drought was waived off (1), 35 N insignificantly enhanced the
yield, whereas 105N resulted in reducing the yield by 3.1% relative to 35N; however, it was slightly higher
than control (table 2).

On the other hand, irrigation resulted in better yield for ON and 35N treatments compared to drought-
stressed (DS) counterparts, whereas it slightly decreased yield for 105N treatment. However, all differences
were insignificant (table 2).

For cultivar 'Boglar', the high rate of N fertilizer measurably, yet not significantly, increased yield as
compared to both ON and 35N under drought stress conditions. On the contrary, 105N treatment resulted in
less yield compared to ON and 35N treatments when drought was waived off, revealing that high N rate is not
recommended for both cultivars under no-drought conditions (table 3).

Drought had more obvious negative influence on this cultivar; it significantly decreased yield by 33.5
and 33.9% in ON and 35N treatments, respectively, and insignificantly decreased it by 12.0% in 105N treatment
(table 3).

Protein Concentration (%0)

Both cultivars responded similarly to N fertilization regardless of irrigation regime; applying N-
fertilizer in a small rate (35N) resulted in decreasing protein concentration as compared to control treatments,
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however, this reduction was insignificant. On the other hand, the high rate (105N) significantly increased

protein concentration; the increase percentage in 'Pannonia Kincse' was 7.7% and 9.5% under drought stress

regime, and 4.0% and 4.2% under irrigated regime compared to control and 35N treatments, respectively,

whereas for '‘Boglar' it was 7.8% and 11.4% under drought stress regime and 2.7% and 3.0% under irrigated
regime (tables 2 and 3).

Irrigation resulted in higher protein concentration for both cultivars, regardless of N application or
rate. N35 treatment was significantly higher (by 5.6% and 9.6% for 'Pannonia Kincse' and '‘Boglar’, respectively)
under irrigated regime compared to drought-stressed counterparts, whereas the increase of 105N treatment was
very slight and insignificant (tables 2 and 3).

Qil Concentration (%)

Under drought stress regime, 35N treatment slightly increased oil concentration for 'Pannonia Kincse';
however, 105N treatment significantly reduced it as compared to both ON and 35N treatments. However, under
irrigated regime 105N treatment increased this trait relative to control and 35N treatments, respectively (table
2).

'‘Boglar' followed one trend under both irrigation regimes; applying N-fertilizer decreased oil
concentration; moreover, 105N treatment reduced oil concentration more than did 35N treatment, and the
reduction was significant under drought stress regime (by 3.4% as compared to control) but insignificant under
irrigated regime (table 3).

For both cultivars, Irrigation reduced oil concentration regardless of N application or rate; however,
the reduction was insignificant for 105N treatment, whereas it was significant for both control and 35N
treatments (tables 2 and 3).

Discussion

Under both irrigation regimes, applying relatively-low rate of N fertilizer (35 kg ha) to 'Pannonia
Kincse' plants resulted in better yield as compared to the non-fertilized counterpart. Some researchers
concluded that N-fertilizer addition increases yield (e.g. Norhayati et al., 1988; Takahashi et al., 1991) by
reducing abortions of flowers and pods (Brevedan et al., 1978). However, a higher rate of N fertilizer resulted
in higher yield as compared to the low N-rate only under drought conditions, whereas it resulted in yield
reduction under well-watered treatment. It was previously reported that N-fertilizer is very important under
drought stress conditions (Obaton et al., 1982). Previously, Purcell and King (1996) concluded that the
application of N-fertilizer on soybean increased drought tolerance as it enhanced the accumulation of both
shoot nitrogen and shoot biomass under drought stress conditions, whereas under well-watered conditions N-
application decreased yield to 2597 kg ha™ relative to 2728 kg ha™.

On the contrary, the same low rate resulted in lower yield as compared to control in 'Boglar’ plants,
however, the higher rate increased the yield under drought stress as compared to low-rate treatment, whereas
it reduced the yield under well-watered treatment. Kaschuk et al. (2016) concluded that N-fertilizer did not
lead to more yield of two different soybean cultivar groups (determinate and indeterminate) whether N
application was at sowing time, during reproductive stages or both; it even resulted in a slight, insignificant
yield loss when it was applied at full flowering stage. Previously, many researchers reported N-fertilizer
application to reduce soybean yield (e.g. Hungria et al., 2006; Mendes et al., 2008).The reasons for alteration
in the response to N among cultivars are not accurately specified; however, initial soil fertility, nodulation
capacity, inoculant presence in soil and pre-sowing inoculation and the timing of N application all have a role
(Gault et al., 1984; Peoples et al., 1995).

Apart from a slight, in significant increase in 105N treatment in 'Pannonia Kincse', drought resulted
in reducing the yield of both cultivars, regardless of N application or rate. Many papers reported soybean seed
yield to be decreased under drought stress conditions (e.g. Sadeghipour and Abbasi, 2012; Li et al., 2013).
Garcia et al. (2010) reported that genotypes significantly differ in yield production under drought stress
conditions and also within the interaction between drought stress and genotype; similar conclusions were
reported (Maleki et al., 2013; He et al., 2017); our results are consistent with this conclusion (Table 2).
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For both cultivars, the application of low N rate slightly reduced the protein concentration, whereas
the higher rate significantly increased this trait, regardless of water availability. It was previously concluded
that protein concentration increased when applied-N rate was increased (Bloom, 2006). N-fertilizer dose had a
significant effect on seed protein concentration, as the dose of (100 kg ha™*) increased seed protein just by (2%),
whereas the dose of (200 kg hal) resulted in (14%) increase in seed protein (Miransari, 2016). Rotundo and
Westgate (2009) reported, in their meta-analysis study, that adding N-fertilizer increased protein concentration
by about (8%) in field studies and by about (27%) in all study environments.

Concerning oil concentration, 'Pannonia Kincse' responded differently to different N rates under the
different irrigation regimes; under drought stress conditions it slightly increased and noticeably decreased with
applying low and high rates of N-fertilizer respectively, whereas it responded reversely under well-watered
conditions. Boglar, on the other hand, followed one trend under both irrigation regimes; oil concentration was
negatively correlated with N rate.

Regardless of N application or rate, drought stress resulted in reducing protein concentration. Few
studies reported lower protein concentration (e.g. Boydak et al., 2002; Carrera et al., 2009) under drought stress
conditions. Turner et al. (2005) reported a 24% decrease in seed protein concentration under stress conditions
in chickpea plants; similar results were reported later on soybean by Rotundo and Westgate (2009) who
demonstrated that water stress during the early reproductive stages resulted in a 16% decrease in seed protein.

Oil concentration of both cultivars responded similarly to drought stress, and in an opposite trend of
protein concentration; drought stress increased oil concentration, regardless of N application and rate. Few
reports showed increased oil content under water deficiency conditions (e.g. Boydak et al., 2002). Chung et al.
(2003) reported soybean seed protein content to negatively correlate with the amount of seed oil, which
supports our obtained results.

Table 2 Yield (kg ha-1), Protein Concentration (%) and Oil Concentration (%) of ‘Pannonia Kincse’ Soybean Cultivar under Three

N-fertilizer Rates and Two Irrigation Regimes in Debrecen, Hungary

Irrigation Fertilization Rate (kg ha®) LSD CV (%)

Regime
35N 105N

Yield (Kg ha?) 4460 4811
| 4698 4894 4740 849
Average 4562 4677 4776
LSD 620 1001 1179
Protein Concentration DS 36.3° 35.7%2 39.1° 16 4.38
(%)
| 37.8° 37.7" 39.3 15
Average 37.1 36.7 39.2
LSD 16 1.7 14
Oil Concentration (%) DS 22.9¢ 23.0¢ 22.3° 0.6 3.65
| 21.62 21.42 22.0 0.9
Average 22.3 22.2 22.2
LSD 0.7 1.0 0.7

different letter indicates significant differences at .05 level among fertilization rates within certain irrigation regime.

different number indicates significant differences at .05 level between irrigation regimes within certain fertilization rate.
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It could be concluded that soybean cultivars respond to drought stress differently in terms of both the

yield and the seed quality. N-fertilizer application enhanced the yield under drought stress conditions, whereas

it had low effect on ‘Pannonia Kincse’plants under well-irrigated regime, moreover, high rate of N-fertilizer

resulted in decreasing the yield under well-watered regime; however, it enhanced protein concentration under

both irrigation regimes and oil concentration under irrigated regime. Irrigation enhanced protein concentration

and decreased oil concentration. Whereas oil concentration decreased by irrigation and by high-rate
fertilization under drought conditions.

Table 3 Yield (kg ha-1), Protein Concentration (%) and Oil Concentration (%) of ‘Boglar’ Soybean Cultivar under Three N-
fertilizer Rates and Two Irrigation Regimes in Debrecen, Hungary

ON 35N 105N
Yield (Kg ha?) 36772 36482 4037 781 16.03
| 4807* 47951 4587 667
Average 4242 4222 4312
LSD 791 662 785
Protein Concentration DS 34.4%2 33.3% 37.12 2.3 5.41
(%)
| 36.6" 36.5° 37.6% 1.0
Average 355 34.9 374
LSD 16 25 1.3
Qil Concentration (%) DS 23.5% 23.3% 22.7° 0.9 3.82
| 22.42 22.12 21.9 11
Average 23.0 22.7 22.3
LSD 0.8 1.0 1.2

e different letter indicates significant differences at .05 level among fertilization rates within certain irrigation regime.

e  different number indicates significant differences at .05 level between irrigation regimes within certain fertilization rate.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Hatay ili Havu¢ Ekim Alanlarinda Bulunan Yabanci Ot Tiirleri, Yaygnliklar,
Yogunluklari ve Durumlarinin Degerlendirilmesi

Evaluation of Weed Species, Their Frequencies, Densities and Current Status in Carrot Fields
in Hatay Province

ilhan UREMIS!?, Soner SOYLUY Sener KURT?, E. Mine SOYLU!, Erdal SERTKAYA!

Oz

Havug [Daucus carota L.], yiikksek seviyede provitamin A, amino asitler ve diger besinleri i¢eren, diinya ¢apinda
onemli bir sebzedir. Hatay ili, Tiirkiye'nin kaliteli ve yiiksek miktarda havug iiretiminin yapildigi ii¢tincii bolgesidir.
Havug iiretimi ve kalitesi gerek tarla gerekse depolama sirasinda hastaliklar, zararlilar ve yabanci otlar tarafindan
etkilenir. Bu ¢calismada Hatay ilinin havug yetistiriciliginin yapildig1 6nemli ilgelerinde tesadiifii se¢ilmis tarlalarda
karsilagilan yabanci ot tiirlerinin varligi, yaygmligt ve genel durumlari 80 havug tarlasinda yapilan siirveyle
belirlenmigtir. Bolgede yapilan siirvey sonucunda 26 familyada yer alan farkli 66 cinse ait 78 yabanct ot tiirii
belirlenmigtir. Tespit edilen yabanci ot tiirleri yogunluklarina gore siniflandirildiginda en sik ve yogunlukta
karsilagilanlar; Cyperus rotundus (Topalak) >3.00 adet/m?, Portulaca oleracea, Amaranthus retroflexus, Sorghum
halepense, Alopecurus myosuroides, Amaranthus graecizans, Amaranthus hybridus, Amaranthus spinosus, Avena
sterilis, Chenopodium album, Convolvulus arvensis, Cynodon dactylon, Echinochloa colonum, Euphorbia
chamaesyce, Medicago spp., Physalis angulata, Prosopis farcta, Silybum marianum, Triticum aestivum, Sinapis
arvensis, Trifolium spp., Zea mays ve Xanthium strumarium tiirlerinin ise 0.10-2.99 adet/m? yogunlukta oldugu
gbzlenmistir. Aralarinda parazitik tirlerden Orobanche crenata (beyaz ¢igekli canavar otu), Phelipanche ramosa
(mavi gigekli canavar otu)’nin yanisira, Ipomoea triloba (pembe ¢igekli aksamsefasi) ve Amaranthus palmeri (dev
horozibigi) gibi ¢ok 6nemli ve istilact potansiyele sahip 55 farkli yabanct otun yayginlik seviyesinin ise 0.10>
adet/m? oldugu tespit edilmistir. Calismada kaydedilen bir diger 6nemli gézlem C. rotundus bitkilerinin iizerinde
saptanan ve yabanci otun biyolojik miicadelesinde kullanilma potansiyeli olan pas hastalik etmeni Puccinia
romagnoliana Maire & Sacc.’nin bazi siirvey alanlarindaki topalak bitkileri tizerinde yaygin ve siddetli sekilde
bulunmasidir. Sonuglar O. crenata, P. ramosa, |. triloba ve A. palmeri gibi ¢ok 6nemli ve istilaci potansiyele sahip
yabanci ot tiirlerinin bdlgede yayilma riskinin bulundugunu ortaya koyarken, bazi bolgelerde yaygin olarak
gbzlenen pas hastaligi etmeninin havug tarlalarinin en 6nemli yabanct otlarindan olan topalak ile miicadelede
kullanilma potansiyelinin bulundugu diisiinilmektedir.

Anahtar kelimeler: Hatay, havug, canavar otu, Amaranthus palmeri, yabanci ot, siirvey

Abstract
Carrot [Daucus carota L.] is an important vegetable worldwide, which contains high levels of provitamin A, amino
acids and other nutrients. Hatay province is the third province of the Turkey leading high amount and quality carrot
production. Carrot crop production is hampered by diseases, pests and weeds which reduce production and quality
of carrot in the fields and during storage. This study was conducted in major carrot growing districts of Hatay
province for determination of densities, frequencies and current statues of major weeds species in randomly
selected 80 carrot fields in surveyed districts between August 2018-October 2019. During weed surveys, a total
of 78 plant species, belonging to 26 different families and 66 genera, including 2 parasitic plants, 41 winter, 32
summer, 3 summer-winter species and 16 grasses, 60 broad leaved were determined. According to life cycles the
weeds were classified as, 9 species as perennial, 57 species as annual, 3 species as biennial, 3 species as annual-
perennial and 4 species as annual-biennial. According to their density recorded, Cyperus rotundus (purple nutsedge)
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was >3.00 plant/m?; Portulaca oleracea , Amaranthus retroflexus, Sorghum halepense, Alopecurus myosuroides,
Amaranthus graecizans, Amaranthus hybridus, Amaranthus spinosus, Avena sterilis, Chenopodium album,
Convolvulus arvensis, Cynodon dactylon , Echinochloa colonum, Euphorbia chamaesyce, Medicago spp., Physalis
angulata, Prosopis farcta, Silybum marianum, Triticum aestivum, Sinapis arvensis, Trifolium spp., Zea mays,
Xanthium strumarium were at the density of 0.10-2.99 plant/m2. The density level of 55 different weeds, including
important weed species such as parasitic Orobanche crenata (bean broomrape), Phelipanche ramosa (hemp
broomrape) and invasive Ipomoea triloba (three-lobe morning glory) and Amaranthus palmeri (palmer amaranth),
was found at the density of 0.10> plant/m?. Another important observation recorded in the study is the widespread
and severe presence of rust disease agent Puccinia romagnoliana Maire & Sacc. which has potential to be used as
biological control agent on C. rotundus. Overall the results suggested that there is a risk of spreading of O. crenata,
P. ramosa, I. triloba and A. palmeri which have invasive potential in the region. Results also pointed out potential
of rust disease, which was commonly observed in some regions, to be used in the biological control of purple
nutsedge which is the most important and common weed species detected in the region.

Keywords: Hatay, carrot, broomrape, Amaranthus palmeri, weeds, survey
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Extendend Summary

Carrot [Daucus carota L.] is an important vegetable worldwide, which contains high levels of provitamin A, amino
acids and other nutrients. Hatay province is the third province of the Turkey leading high amount and quality carrot
production. Carrot crop production is hampered by diseases, pests and weeds which reduce production and quality
of carrot in the fields and during storage. This study was conducted in major carrot growing districts of Hatay
province for determination of densities, frequencies and current statues of major weeds species in randomly
selected 80 carrot fields in surveyed districts during August 2018 and October 2019 growing season. During weed
surveys, a total of 78 plant species, belonging to 26 different families and 66 genera, including 2 parasitic plants,
41 winter, 32 summer, 3 summer-winter species and as 16 grasses, 60 broad leaved. According to life cycles the
weeds were classified as, 9 perennial, 57 annual, 3 biennial, 3 annual-perennial and 4 annual-biennial were
determined. Most common 3 families were Poaceae (15), Asteraceae (14) and Brassicaceae (6). According to their
density and frequency results, Cyperus rotundus (purple nutsedge) was >3.00 plant/m?; Portulaca oleracea ,
Amaranthus retroflexus, Sorghum halepense, Alopecurus myosuroides, Amaranthus graecizans, Amaranthus
hybridus, Amaranthus spinosus, Avena sterilis, Chenopodium album, Convolvulus arvensis, Cynodon dactylon ,
Echinochloa colonum, Euphorbia chamaesyce, Medicago spp., Physalis angulata, Prosopis farcta, Silybum
marianum, Triticum aestivum, Sinapis arvensis, Trifolium spp., Zea mays, Xanthium strumarium were at the
density of 0.10-2.99 plant/m?. The density level of 55 different weeds, including important invasive weed species
such as Orobanche crenata (bean broomrape), Phelipanche ramosa (hemp broomrape), Ipomoea triloba (three-
lobe morning glory) and Amaranthus palmeri (palmer amaranth), was found to be at the density of 0.10> plant/m?.
Amongst weed species determined during surveys, 34 weed species were found as their frequency ratios over
12.5%. Cyperus rotundus, Amaranthus hybridus, Amaranthus retroflexus, Chenopodium album, Convolvulus
arvensis, Echinochloa colonum, Physalis angulata, Portulaca oleracea, Sorghum halepense, Xanthium
strumarium were the most common weeds. Due to the insufficient mechanical control and lack of an effective
herbicide, Cyperus rotundus is in the forefront in terms of its density and frequency, therefore local farmers were
unable to control this weed species. However, during survey in some carrot fields, fungal rust disease agent
Puccinia romagnoliana Maire & Sacc., as the potential biological control agent reported for this weed species,
was intensively observed in some of the surveyed carrot fields. This disease agent was found to control nudsedge
plants in the previously surveyed fields during following surveys. Another important observation recorded in the
study is the first report of the presence of invasive weed species Amaranthus palmeri S. Watson (palmer amaranth)
and Ipomoea triloba L. (three-lobe morning glory) in the surveyed carrot fields in Turkey. This study is also first
report of the presence of two different parasitic weed species of broomrape, Orobanche crenata (bean broomrape)
and Phelipanche ramosa (hemp broomrape) in the carrot fields in Turkey in low frequencies and densities. The
low quality and yield caused by these parasitic plants in this field suggest that presence of these parasitic plants
may cause serious problems in the future unless the necessary precautions are taken. In addition, the presence of
the invasive weed species A. palmeri should be concerned not only for carrots but also for all summer crops.
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Ana vatan1 Afganistan, Iran ve Pakistan’in iginde yer aldig1 Orta Asya ve Giiney Asya ile Tiirkiye olan havug
(Daucus carota L.) Umbelliferae (Apiaceae) familyasina bagl, etli sulu kokleri yenen, iki yillik bir serin iklim
bitkisidir (Rubatzky ve ark., 1999; Safadi, 2008). Az 1sik, diisiik sicaklik ve toprak neminin uygun oldugu
topraklarda iyi gelisim gostermektedir (Sermenli, 2012). Ozellikle A vitamini kaynagi olup bunun yaninda B1-B2
vitaminleri ve mineral igerigi ile yliksek besin degeri tagimaktadir (Munro ve Small, 1997). Bu &zelliklerinden
dolay1 diinyanin her yerinde yetistirilen ve insan beslenmesinde 6énemli yeri olan ve {iretimi tohumla yapilan
sebzelerden biri olup lezzetinin yaninda insan saglig1 agisindan da 6nemli yararlari bulunmaktadir (Yanmaz, 1994;
Peters, 2006). Uretilen havuglarin biiyiik bir kismini portakal veya turuncu renkli, az bir kismini ise siyah renkli
havuglar olusturmaktadir (Vural ve ark., 2000).

Diinya Gida ve Tarim Orgiitii (FAO) 2017 y1li havug iiretim verilerine gore, Cin 20.274.393 tonla ilk sirada
yer alirken bu iilkeyi 2.249.737 ton ile Ozbekistan ve 1.805.787 ton ile Rusya izlemekte olup Tiirkiye ise 571.301
ton ile 9. sirada yer almistir (Anonymous, 2017). Ulkemizde 2018 yilinda ise toplam 123.478 dekar alanda 642.837
ton havug tiretimi yapilmig olup, Hatay ili 21.550 dekar alanda 58.190 ton iiretim miktari ile {ilkemizin 6nemli
havug ekim alanlarindan olan Konya ve Ankara illerinden sonra {igiincii sirada yer almaktadir (Anonim, 2017).
Hatay’da iklim sartlarinin uygunlugu, ihracat edilebilirligi, piyasa 6zelligi ve ireticilerin kig aylarinda gegim
kaynag1 olmasi nedeniyle havug iiretimi giin gegtikce artmaktadir (Sermenli, 2012). Hatay ilinde havug {iretiminin
en yogun yapildig1 yer olan Amik Ovasi’nda bulunan Kirikhan ilgesinde 19.000 dekar alanda 47.500 ton havug
iiretimi yapilmis olup bunu 2.100 dekar alanda 9.450 ton iiretimle Reyhanli, 230 dekar alanda 690 ton {iretimleri
ile Antakya ilgeleri takip etmistir (Anonim, 2017).

Kirikhan il¢esinin ekolojisinin uygun olmasi nedeni ile Agustos ay1 basinda baslayan tohum ekimi kademeli
olarak Kasim ay1 sonuna kadar devam etmekte, Aralik ayi itibari ile baglayan hasat ise Nisan sonuna kadar
siirmektedir (Sermenli, 2012). Ulkemiz ekonomisi icin 6nemli bir yere sahip olan havug bitkisinin verim ve kalitesi
bir¢ok biyotik ve abiyotik faktorler tarafindan etkilenmektedir.

Hatay ilinde son 10 yil igerisinde ekim alan1 2 kati artig gosterirken, {iretimde bu artis katsayisi
gbzlenememistir. Havug ekimini ve verimini kisitlayan ana faktorlerin basinda hastalik, zararli ve yabanci otlar
gelmektedir. Diinyanin bir ¢ok {ilkesinde havug ekim alanlarinda sorun olan hastalik zararli ve yabanci otlar
iizerine ¢alismalar bulunurken, lilkemizde havug bitkisinde sorun olan hastalik, zararli ve yabanc1 otlar konusunda
oldukea kisith caligmalar bulunmaktadir (Ercis ve ark., 1995; Kurt ve ark., 2004; Soylu ve ark., 2005; Tiilek, 2010;
Uysal, 2012; Cabuk, 2014; Sertkaya, 2014). Havug alanlarinda yabanci otlarla ilgili Tiirkiye’de sadece bir adet
yabanct ot survey caligmast bulunmaktadir. Bu ¢aligma 1988-1991 yillar1 arasinda Ankara’da yiriitiilmis olup
yapilan surveylerde 34 yabanci ot tiirli saptanmis ve bunlar igerisinde en yaygin ve yogun olarak bulunan ig tiir,
sirastyla; Amaranthus retroflexus (% 93,4 ve 2,78 adet/m?), Portulaca oleracea (% 89,1 ve 2,65 2,78 adet/m?) ve
Chenopodium album (% 86,6 ve 3,19 2,78 adet/m?) (Ercis ve ark., 1995)’dur.

Havucun 6zellikle ilk gelisim donemlerindeki gelisim hizinin diisiik olmasi, koklerinin zayif - yiizlek olmasi
ve yapraklarinin ince ve kiigiik olmasi nedeniyle yabanci otlara karsi rekabet giicii diisiik bitkiler arasinda dnlerde
gelmektedir (OMAFRA, 2008). Havug’un ana zararlilarindan birisi de yabanci otlardir (Bhullar ve ark., 2015).
Yabanci otlardan topalak (Cyperus rotundus L.)’in havugta meydana getirdigi tiriin kaybinin % 39-50 arasinda
oldugu bildirilmektedir (William ve Warren, 1975). Yabanci otlar kiiltiir bitkileri ile su, besin maddeleri ve 151k
yoniinden rekabete girmek suretiyle ekonomik dneme sahip iiriinlerde %28-78’lere varan oranlarda verim ve kalite
kayiplarma neden olmaktadir (Oerke ve ark., 1994; Bhuller ve ark., 2015; Zimdahl, 2018; Uremis ve Uludag,
2020). Canavar otunun iriin ve kaliteye etkisi konusunda bir ¢aligmaya rastlanmamustir, ancak bu zararin
yogunluga bagli olarak ¢ok yiiksek oranlarda gelisebilecegi tahmin edilmektedir. Yabanci otlarla miicadelede esas
alinmasi gereken kritik periyot olarak havucun ¢ikisindan itibaren 3-6 hafta arasi olarak bildirilmektedir (Bhullar
ve ark., 2015). Swanton ve ark., (2010) kritik periyodun havucun yetisme donemine bagl olarak 414-930 GDD
(giinliik gelisme derecesi) arasinda oldugunu bunun da havucun 4-12 yaprakli dénemine karsilik olduguna dikkat
¢ekmektedir, ayrica havugta olusan iiriin kaybinin % 4.87 ila %100 arasinda degistigi bildirilmektedir. Ojedo ve
Garay (2017) yabanci otlardan dolayr maksimum iiriin kaybimin % 93.6 oldugunu, kritik periyodun ise yabanci
otlara ve havug cesitlerine bagl olarak yabanci otlarin ¢ikisindan itibaren 19-70 giin arasinda degistigini
belirtmektedir. Yabanci otlar {iriin ve kalite azalmasi yaninda, bir¢ok hastalik ve zararliya konuk¢uluk yapmakta,
icerdigi zararli bilesikler bir¢ok canlida 6liime varabilen zehirlenmelere yol agabilmekte, yetistiricilikle ilgili
islemlerin yapilmasimi ve hasadi giiglestirmektedir. Yabanci ot tohumlar1 hasat sirasinda kiiltiir bitkilerinin
tohumlarina karigmak suretiyle iiriinlerin besin degerini diisiirmelerinin yani sira, iiriinlerin tohumluk kalitesinin
diismesine de neden olurlar (Gilincan, 2016; Zimdahl, 2018). Bu nedenle uygun yontemler kullanilarak yabanci
otlarla miicadele kagmilmaz olmaktadir. Tarimin siirdiiriilebilirliginin saglanmasi, ¢evrenin korunabilmesine
yonelik hazirlanan Entegre Miicadele programlarindan beklenen basar1 ancak s6z konusu hedef alanlardaki
yabanci ot florasinin belirlenmesi ile miimkiindiir (Uludag ve ark., 2018). Bolgedeki yabanci ot floras: bilinmeden
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entegre miicadele programlarinin, yiriitilmesinin zor olmasinin yanisira, programdan saglikli ve basarili
sonuglarin beklenmesi miimkiin degildir (Karaca, 2010).

Hatay ilinde tiretimi yapilan havu¢ alanlarinda son giinlerde gerek yetistiriciler gerekse resmi kurum
personelleri tarafindan havug alanlarinda énemli verim kayiplarina neden olan yabanci otlarin varligia dikkat
cekilmis olup, bolgedeki havug alanlarindaki yabanci ot sorunlarinin ortaya konulmasi i¢in kapsamli bir aragtirma
yapma gerekliligi ortaya ¢ikmustir.

Bu ¢alisma ile Hatay ilinin 6nemli havug ekim alanlarinda kalite ve {iriin kaybina neden olan etmenlerden yabanci
ot tiirlerinin teshisleri, yaygimliklari, yogunluklariin belirlenmesinin yani sira slirvey yapilan tarlalarda yabanci
otlarm genel durumlarinin ortaya konulmasi amaglanmistir.

Materyal ve Yontem
Siirvey ¢alismasi, 6rnekleme yontemleri ve é6rneklerin alinmasi

Hastalik, zararli ve yabanci ot siirvey calismalar1 2017 yili Tarim il Miidiirliigii verileri géz oniinde alinarak
yapilmistir. Calismalar, Hatay ilinde havug yetistiriciliginin (en yogun ekim alanlarinin yer aldigi Antakya,
Kirikhan, Kumlu ve Reyhanli ilgelerinde 15 Agustos 2018 ve 15 Ekim 2019 aylar1 arasinda 80 tarlada yapilmistir.

Cizelge 1. Hatay ili havug ekim alanlar1, tiretim miktar1 ve siirvey yapilan tarla sayist (Anonim 2017)

Table 1. Total production amount and harvesting area of carrot, and number of surveyed carrot fields in Hatay province (Anonim 2017)

ilceler Uretim (ton) Ekim Alam (da) Tarla Sayisi
(adet)
Hesaplanan
Kirikhan 47.500 19.000 44
Reyhanli 9.450 2100 12
Antakya 690 230 12
Kumlu 550 220 12
Toplam 58.190 21.550 80

Bu amaca yénelik hazirlanan survey programi 2017 Tiirkiye Istatistik Kurumu verileri dogrultusunda
hazirlanmis olup, her ilge i¢in yapilmasi gereken drnekleme sayisi toplam ekilis alani iizerinden “tartili ortalama
yontemi” (Bora ve Karaca, 1970) kullanilarak belirlenmistir (Cizelge 1). Yapilan hesaplamada Kirikhan
haricindeki il¢elerde yapilmasi gereken survey sayilarimin diisiik sayida olmasi nedeniyle bu ilgelerdeki survey en
az 12 tarlay1 kapsayacak sekilde diizenlenmistir. Ancak, Reyhanli ve Kumlu il¢elerindeki havug tarlalarinda bitki
hastaliklar1 ve zararlilarda mevcut proje kapsaminda takip edildigi i¢in daha fazla sayida survey yapilmistir.
Yabanct ot tiirlerinin teshisleri ve bulunus oranlar1 gerek ¢gember atma gerekse tarla i¢inde tarlay: temsil edecek
sekilde rastgele gezmek suretiyle belirlenmistir. Calismada Kirikhan ilgesi merkez alinarak survey alanlarina
dogru gidilerek her 3 km’de bir tesadiifi olarak durulmus ve en yakin havug tarlasina girilerek tarlalarda kenar
tesirinden kurtulmak amaciyla ¢ergeve atimina 3-5 m igerden baslanmistir. Havug tarlasinda 1 da’lik alan dikkate
almarak ve her tarlada rastlantisal olarak dort defa 0.5 m x 0.5 m = 0.25 m?’lik ahsap gergeve atilarak gergeveler
icerisindeki yabanci otlarin tiirleri ve yogunluklari (adet/m?) kaydedilmistir (Orel, 1996). Tarlada teshisi
yapilamayan yabanci otlarin herbaryumlarinin yapilmasi i¢in laboratuvara getirilmis ve herbaryum teknigine gore
(Ozer ve ark., 1998) kurutulmustur. Teshis icin toplanan érnekler MKU Ziraat Fakiiltesi Bitki Koruma Béliimii
Herbaryumunda saklanmistir. Bitki orneklerinin tanist Davis (1965-1988), isimlendirilmeleri Ulug ve ark.
(1993)’e gore yapilmistir.
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Rastlama sikliklarinin belirlenmesinde aritmetik yiizde esas alinarak hesaplama yapilmistir. Bunun igin
asagidaki formiiller kullanilmigtir (Odum, 1971).

% Rastlama Siklig1 (RS)=100*(n/m)
m: Ornekleme yapilan toplam tarla sayis1; n: Yapilan érneklemenin kaginda o tiir ile karsilasildig

Hesaplanan yabanci ot yayginliklarinin degerlendirilmesinde ise Pamukoglu (2011)’dan uyarlanan skala
kullanilmistir. Kullanilan skalaya goére; Cok Rastlanan (CR) > % 50.0; Orta Rastlanan (OR) % 25.0 - % 49.9; Az
Rastlanan (AR); % 12.5 - % 24.9; Nadir Rastlanan (NR) <12.5 olarak degerlendirilmistir.

Yabanc otlarin yogunluklarmin (bitki/m?) belirlenmesinde; bir tarlada her bir yabanci ot i¢in yapilan sayimlar
sonucu elde edilen deger o tarlada sayim yapilan toplam alana boliinmesi ile hesaplanmigtir. Hesaplanan yabanci
ot yogunluklarinin degerlendirilmesinde ise Pamukoglu (2011)’dan uyarlanan skala ile ifade edilmistir. Buna gore;
A:>3.00 adet/ m?; B: 2.00-2.99 adet/ m?; C: 1.00-1.99 adet/ m?; D: 0.10-0.99 adet/ m?; E: 0.10> adet/ m? olarak
degerlendirilmistir.

Bulgular ve Tartisma

Calismalar havug tarlalarindaki yabanci ot tiirlerini, yayginliklarini ve yogunluklarini belirlemek amaci ile
2018-2019 iiretim dénemini kapsayan 15 Agustos 2018-15 Ekim 2019 tarihleri arasinda yapilmis olup, elde edilen
sonuglar Cizelge 2’de verilmistir.

Cizelge 2. Hatay ili havug ekim alanlarinda saptanan yabanci otlarin yayginlik ve yogunluklari

Table 2. Densities and frequencies of weed species determined in carrot fields in Hatay province

Bilimsel Ad1 Yerel Ad Yaygmhk Yogunluk Dénemi* Hayat
Formu**

Fam. AMARANTHACEAE

Amaranthus hybridus L. Melez horoz ibigi OR D Y TY
Amaranthus retroflexus L. Horoz ibigi OR C Y TY
Amaranthus spinosus L. Dikenli horoz ibigi NR D Y TY
Amaranthus graecizans L. Yatik horoz ibigi NR D Y TY
Amaranthus palmeri S.Watson Dev horoz ibigi NR E Y TY

Fam. APIACEAE (Umbelliferae)

Ammi visnaga (L.) Lam. Kiirdan otu NR E Y TY (IY)
Daucus carota L. Yabani havug NR E K iy
Fam. ASPLEPIADACEAE

Cynachum acutum L. Stitlii sarmagik NR E Y CY
Fam. ASTERACEAE (Compositae)

Anthemis arvensis L. Tarla képek papatyasi AR E K TY
Anthemis chia L. Boylu papatya AR E K TY
Calendula arvensis L. Portakal nergizi NR E K TY
Carduus pycnocephalus L. Saka dikeni AR E K TY (iY)
Chrysanthemum segetum L. Sari papatya NR E K TY
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Conyza canadensis (L.) Cronquist
Lactuca serriola L.

Senecio vernalis Waldst. and Kit.
Senecio vulgaris L.

Silybum marianum (L.) Gaertner
Sonchus arvensis L.

Sonchus oleraceus L.

Taraxacum serotinum (Waldst. and
Kit.) Poir.

Xanthium strumarium L.
Fam. BORAGINACEAE
Heliotropium europaeum L.

Fam. BRASSICACEAE

Capsella bursa-pastoris (L.) Medik.

Neslia paniculata (L.) Desv.
Ochtodium aegyptiacum (L.) DC.
Raphanus raphanistrum L.
Sinapis alba L.

Sinapis arvensis L.

Thlaspi arvense L.

Fam. CARYOPHYLLACEAE

Cerastium dichotomum L.
Stellaria media (L.) Vill.

Fam. CHENOPODIACEAE

Chenopodium album L.

Fam. CONVOLVULACEAE

Convolvulus arvensis L.
Ipomoea triloba L.

Fam. CYPERACEAE
Cyperus rotundus L.

Fam. EUPHORBIACEAE
Euphorbia chamaesyce L.
Euphorbia helioscopia L.
Mercurialis annua L.

Fam. GERANIACEAE
Erodium cicutarium (L.) L’Herit.
Geranum rotundifolium L.
Fam. LAMIACEAE

Lamium amplexicaule L.

Pire otu

Dikenli yabani marul
Kanarya otu

imam kavugu
Meryem dikeni

Esek marulu

Adi esek marulu

Aslan disi

Domuz pitrag:

Boz ot

Coban gantast
Toplu igne hardali
Cukurova hardali
Yabani turp
Akhardal

Yabani hardal

Tarla akga ¢igegi

Boynuz otu

Kusotu

Sirken

Tarla sarmasig1

Pembe ¢igekli aksam sefasi

Topalak

Siitlegen

Glines siitlegeni

Yer feslegeni

Donbaba

Turna gagast

Ballibaba

NR
NR
AR
NR
AR
NR
NR
NR

OR

NR

NR
NR
NR
NR
NR
AR
NR

NR
NR

OR

OR

NR

CR

AR

NR

NR

NR

NR

NR

E
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TY
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Fam. LEGUMINOSAE

Medicago spp. Yabani yonca AR D Y ve K TY-CY
Melilotus officinalis (L.) Desr. Sar1 tagyoncast NR E Iy
Prosopis farcta (Banks & Sol.) J.F. Ceti NR D Y CYy
Macbr.

Trifolium spp. Uggiil AR D Y ve K TY-CY
Vicia sativa L. Adi fig NR E K TY
Fam. MALVACEAE

Malva neglecta Wallr. Ebegiimeci NR E K TY
Hibiscus trionum L. Yabani bamya NR E Y TY
Fam. OROBANCHACEAE

Orobanche crenata Forsk. Beyaz ¢icekli canavar otu NR E P TY
Phelipanche ramosa L. Mavi ¢igekli canavar otu NR E P TY
Fam. PAPAVERACEAE

Fumaria officinalis L. Sahtere NR E K TY
Papaver rhoeas L. Gelincik NR E K TY
Fam. PLANTIGINACEAE

Plantago spp. Sinir otu NR E Y ve K TY-CY
Fam. POACEAE (Gramineaea)

Alopecurus myosuroides Hudson Tilki kuyrugu AR D K TY
Avena sterilis L. Kisir yabani yulaf AR D K TY
Bromus tectorum L. Puskiillii cayir NR E K TY
Cynodon dactylon (L.) Pers. Kopek disi ayrigi AR D Y CY
Echinochloa colonum (L.) Link. Benekli darican OR D Y TY
Echinochloa cruss-galli (L.) P. Beauv.  Darican NR E Y TY
Digitaria sanguinalis (L.) Scop. Catal otu AR E Y TY
Hordeum murinum L. Duvar arpasi NR E K TY
Phalaris brachystachys L. Kus yemi NR E K TY
Phalaris paradoxa L. Kus yemi NR E K TY
Poa annua L. Tavsan biy1g1 NR E K TY
Setaria viridis (L.) P. Beauv. Kirpi dar1 NR E Y TY
Sorghum halepense (L.) Pers. Kanyas OR C Y CY
Triticum aestivum L. Kendigelen bugday AR D K TY
Zea mays L. Kendigelen misir NR D Y TY
Fam. POLYGONACEAE

Polygonum aviculare L. Coban degnegi NR E Y TY
Rumex acetosella L. Labada NR E Y CYy
Fam. PORTULACACEAE

Portulaca oleracea L. Semiz otu OR B Y TY
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Fam. PRIMULACEAE

Anagallis arvensis L. Fare kulagi NR E K TY
Fam. RUBIACEAE

Galium aparine L. Dil kanatan NR E K TY
Fam. SCROPHULARIACEAE

Veronica hederifolia L. Adi yavsan otu NR E K TY
Fam. SOLANACEAE

Physalis angulata L. Fener otu OR D Y TY
Solanum nigrum L. Kopek tiziimil NR E Y TY

Fam. ZYGOPHYL LACEAE

Tribulus terrestris L. Demir dikeni NR E Y TY

*Y:Yazlik, K:Kishk, P:Parazit; **TY:Tek yillik, IY:iki yillik, CY:Cok y1llik

Hatay ili havug alanlarinda yapilan ¢aligmada 26 familya ve 66 cinse ait 78 yabanci ot tiirli saptanmistir
(Sekil 1). En fazla tiir bulunan familyalardan Poaceae familyasinda 15, Asteraceac familyasinda 14 ve
Brassicaceae familyasinda ise 7 yabanci ot tiirii belirlenmistir. Bu yabanci otlarin 2’si Parazit, 41°1 Kiglik, 32’si
Yazlik, 3’1 Yazlik-Kislik tiirler olup, bunlarin da 16’s1 dar yaprakli, 60’1 ise genis yapraklidir. Hayat siirelerine
gdre yabanci otlarm, 9°u Cok Yillik (CY) , Tek Yillik (TY) (57 tiir) ve Iki Yillik (IY) (3 tiir) olup 3’ TY-CY, 4%ii
ise TY-IY dir. Yabanci otlarin yaygilig acisindan bakildiginda Cok Rastlanan (CR) olarak; Cyperus rotundus
(Topalak), Orta Rastlanan (OR) olarak; Amaranthus hybridus, Amaranthus retroflexus, Chenopodium album,
Convolvulus arvensis, Echinochloa colonum, Physalis angulata, Portulaca oleracea, Sorghum halepense,
Xanthium strumarium, Az Rastlanan (AR) olarak; Alopecurus myosuroides, Anthemis arvensis, Anthemis, chia,
Avena sterilis, Carduus pycnocephalus, Cynodon dactylon, Digitaria sanguinalis, Euphorbia chamaesyce,
Medicago spp., Senecio vernalis, Sinapis arvensis, Silybum marianum, Trifolium spp., Triticum aestivum
bulunmustur. Diger yabanci otlarin yaygmligi “NR” (54 tiir) seviyesindedir.

Havug tarlalarinda belirlenen yabanci otlarin yogunluguna bakildiginda; sadece Cyperus rotundus (Topalak)
“A” seviyesinde belirlenmis olup, Portulaca oleracea (Semiz otu) “B” seviyesinde, Amaranthus retroflexus ve
Sorghum halepense (kanyas) “C” seviyesinde, Alopecurus myosuroides, Amaranthus graecizans, Amaranthus
hybridus, Amaranthus spinosus, Avena sterilis, Chenopodium album, Convolvulus arvensis, Cynodon dactylon ,
Echinochloa colonum, Euphorbia chamaesyce, Medicago spp., Physalis angulata, Prosopis farcta, Silybum
marianum, Triticum aestivum, Sinapis arvensis, Trifolium spp., Zea mays, Xanthium strumarium ise “D”
seviyesinde bulunmustur. Diger yabanci otlar (55 tiir) ise “E” seviyesinde oldugu hesaplanmustir.

Havug alanlarindaki gézlemler ve veriler degerlendirildiginde; havug ekiminin Agustos aymin ortasinda
baglamasi, daha sonra kademeli olarak Ocak ayina kadar devam etmesi nedeniyle ilk ekimlerde agirlikli olarak
yazlik yabanci otlar daha sonrakilerde ise kishik yabanc otlar goriilmektedir. Ureticiler yabanci ot miicadelesinde
oncelikle herbisit kullanmakta ancak, yabanci ot tiirlerinin ¢ok olmasi ve 6zellikle ilk donemde ¢ok yogun olmasi,
ruhsatl herbisit sayisinin az ve etki spektrumunun dar olmasi nedeniyle olduk¢a zor durumda kalmaktadirlar.
Ayrica, agir bilinyeli tarlalarda yapilan salma sulama ve capalama sorunun boyutunu daha da biiyiitmektedir.
Yagish yillarda yapilan ge¢ ekimlerde yabanci ot sorunu kislik yabanci otlarda da 6n plana ¢ikmaktadir. Bu
nedenle iireticiler 6zellikle dar yaprakli yabanci otlara karsi herbisit uygulamaktadirlar. Tiim yapilanlara ragmen
yabanct otlarin miicadelesinde bir noktaya kadar basarili olunmaktadir.
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Sekil 1. Hatay ili havug ekim alanlarinda karsilagilan farkli yabanct ot tiirleri. C. rotundus (topalak) yabanci ot tiirii (ok) siirvey alanlarinda
en yogun tiir olarak karsilasilmistir.

Figure 1. Different weed species detected in surveyed carrot fields in Hatay province. Purple nutsedge (Cyperus rotundus) is the most
common and frequently encountered weed species (arrows) in carrot fields

One ¢1kan yabanci otlardan Cyperus rotundus (topalak) rastlanma sikligi (CR) ve yogunlugu (A) agisindan
en yliksek seviyede oldugu saptanmistir. Ancak, ¢ok yillik bir bitki olan ve genellikle yumrulari ile gogalan
topalagin gerek mekanik miicadele gerekse ruhsatli herbisit bulunmamasindan dolayr kimyasal miicadele ile
kontrolu ¢ok zor olup, hatta miimkiin olamamakta, mekanik miicadele ise yetersiz kalmaktadir. Daha 6nceden
maydanoz yetistiriciligi yapilan aymi alanlardaki siirveylerde C. rotundus’un yogunlugu 10 adet/m? olarak
bildirilmistir (Telli ve Uremis, 2010). Bu bdlgede kayis1 bahgelerinde yapilan diger bir siirveyde C. rotundus’un 5
adet/m?’den daha fazla yogunluga ve % 25-50 arasinda rastlanma sikligina sahip olduguna dikkat ¢ekilmektedir
(Uremis ve ark., 2013). Sertkaya ve ark. (2013) bu bdlgedeki bag alanlarinda bulunan yabanci otlardan topalagin
O6nemini belirtmektedirler. Diger iiriinlerde oldugu gibi bolgedeki fasulye alanlarinda da C. rotundus yaygin ve
yogun olarak bildirilmekte ve miicadelesindeki zorluklardan bahsedilmektedir (Sertkaya ve ark., 2012). Bu
calismada da topalagin rastlama sikliginin ve yogunlugunun yiiksek olmasi beklenen bir sonug olarak
degerlendirilmektedir.

Amaranthus hybridus, Amaranthus retroflexus, Chenopodium album, Convolvulus arvensis, Echinochloa
colonum, Physalis angulata, Portulaca oleracea, Sorghum halepense, Xanthium strumarium rastlanma sikliklar
Orta Rastlanan (OR) arasinda yer almaktadir. Pamukta (Kadioglu ve ark., 1993), maydanozda (Telli ve Uremis,
2010), fasulyede (Sertkaya ve ark., 2013) ve soganda (Kaya, 2016) bu yabanci otlar dnemli olarak bildirilmistir.
Bunlarin arasinda Portulaca oleracea’nin yogunlugu “B” seviyesinde olarak bulunmustur. Bu yabanci otlar yazlik
ve tek yillik bir yabanci otlar olup tohumlari ile gogalmaktadir. Ozellikle salma sulama yapilan ve agir biinyeli
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topraklarda oldukca Snemli goriilmekle birlikte mevcut herbisitlerle uygun bir miicadele yapildiginda kontrol
altina alinabilmektedir.

Sorghum halepense (kanyas)’ye orta rastlama (OR) sikliginda rastlanmasi ve orta diizeyde yogunlukta
bulunmas1 6nemlidir. Her ne kadar kanyas bitkisinin bdlgedeki yayginlik ve yogunlugunun orta diizeyde olmast
iyi olarak degerlendirilmis olsa da, yabanci otun diinyada en 6nemli ilk 10 yabanci ot arasinda olmasinin yanisira
istilac1 karakterde ve anavatanlarindan birinin bdlgemiz olmasi gdz dniinde bulundurulacak 6nemli hususlardir.
Kanyas miicadelesinde kullanilabilecek ruhsatli herbisitlerin olmasi ve bu herbisitlerin ayn1 zamanda diger dar
yaprakli yabanci otlara da etkili olmasi miicadele agisindan onemli bir avantaj olarak kabul edilebilir. Yapilacak
olan iyi bir miicadele plani ile kanyasin baski altinda tutulabilecegi diisiiniilmekle birlikte yine de ¢ok dikkatli
olmak gerekmektedir. Pamukta (Kadioglu ve ark., 1993), patateste (Sertkaya ve ark., 2009; Uremis ve Uludag,
2020) ve kayisida (Uremis ve ark., 2013) havugta da oldugu gibi kanyasin rastlanma siklig1 ve yogunlugunun
yiksekligine dikkat ¢ekilmektedir. Amaranthus retroflexus’a Sorghum halepense gibi orta rastlama (OR)
sikliginda rastlanmasi ve orta diizeyde yogunlukta olmasina ragmen mevcut miicadele yontemleri ile basarili bir
sekilde kontrol edilebilecegi diisiiniilmektedir. Ureticinin bu yabanci1 ottan fazla sikdyet etmemesi goriisiimiizii
desteklemektedir.

Kozmopolit, ¢ok yillik, yazlik ve genis yaprakli bir yabanci ot olan Convolvulus arvensis’in yogunlugunun
“D” seviyesinde kalmas1 durumu biraz rahatlatmaktadir, yoksa bu yabanci ota karst havugta kullanilabilecek bir
herbisit olmamasi ve ¢apalamanin da yeteriz kalmasi durumu zorlagtirabilecektir. Tarla sarmasiginin rekabetgiligi
ve bulundugu alanlarda basit bir ihmalde bile geri doniisiime imkan vermeyecek Olgiide zarar verebilme
ozelliklerinde olabilmesini her zaman goz Oniine alinmasint gerektirmekte olup ayni konu farkl {irinlerde bu
bolgede yapilan baska siirveylerde de belirtilmektedir (Kadioglu ve ark., 1993; Sertkaya ve ark., 2009; Uremis ve
ark., 2009; Uremis ve ark., 2013; Sertkaya ve ark., 2013; Soylu ve ark., 2017). Yapilan gozlemlerde tarla
sarmagiginin rastlama siklig1 ve yogunlugu bir diger dnemli yabanci ot olan kanyasa yakin oldugu belirlenmistir.
Ayrica, kig doneminde yapilan siirveyde tarla sarmasiginin Subat 2019 sonu gibi ¢ok erken donemde bulunmasi
dikkat ¢ekici bir durumdur, genellikle Nisan ortalarindan itibaren goriilen bu yabanct otun bu kadar erken tarihte
bulunmasi 6zellikle bugday iireticileri agisindan endise verici bir konu olarak degerlendirilmektedir. Ozellikle 1lik
gecen kis mevsiminde ¢ok dikkatli olunmasi gerektigi ortadadir. Bu nedenle bu yabanci otun siki bir sekilde takip
edilmesi gerekmektedir.

Diger yabanci otlarin yayginlik ve yogunluklar: yukarda bahsedilen yabanci otlara gore fazla olmalarina
ragmen, yetistiriciler tarafindan gerekli kiiltiirel 6nlemler, mekanik miicadele ve kimyasal miicadeleler ile bu
yabanci otlarin potansiyel zararlarinin Gistesinden gelinme sansi bulunmaktadir. Xanthium strumarium (domuz
pitragi) ve Cynachum acutum (siitlii sarmasik)’un havugta kimyasal miicadelesine yonelik herbisit olmamasi
nedeniyle diisiik yogunlukta olmalarina ragmen verebilecegi zarar diisiiniilerek tizerinde durulmasina ve takibine
gerek bulunabilecegi kanaatindeyiz.

Bu ¢alisgmada 6nemli bulgularin basinda bir¢ok tarlada yogun olarak bulunan ve {ireticinin miicadelesinde
garesiz kaldigi Cyperus rotundus’larin tizerinde saptanan ve yabanci otun biyolojik miicadelesinde kullanilma
potansiyeli olan pas hastalik etmeni Puccinia romagnoliana Maire & Sacc.’nin Kirikhan (14 tarla), Reyhanli (10
tarla) ve Kumlu (9 tarla) ilgelerinde bulunan havug¢ havug alanlarindaki topalak bitkileri izerinde %33.3-47.6
yayginlik ve %42-85 bulagma oranlarinda bulunmasidir (Sekil 2). Hastalik etmeni havug bitkisi iizerinde herhangi
bir hastalik belirtisine neden olmamistir. Ayni tarlaya yapilan miiteakip siirveylerde pas hastalik etmeninin
enfeksiyonu sonucunda tarladaki topalak yogunlugu ciddi sekilde diistiigli sonucta hastalik etmenin topalak
yayginligini 6nemli dl¢iide baski altina aldig1 gdzlenmistir. Elde edilen bu gdzlemin daha sonraki yapilacak detayli
biyolojik miicadele ¢alismalar i¢in 6nemli oldugu ve gelecege yonelik yabanci otun biyolojik miicadelesi agisindan
umut verdigi diisliniilmektedir. Ancak, konuyla ilgili detayli calismalara ihtiyac oldugu asikardir. Hastalik etmenin
iilkemizde varligi daha onceden yapilan c¢alismada bildirilmistir (Bahgecioglu ve Kabaktepe, 2012). Etmenin
topalak tizerinde biyolojik miicadele kapsaminda kullanilma potansiyeline sahip oldugu onceden yapilmis
¢aligmalarda da bildirilmistir (Bedi ve Sokhi, 1994; Gupta ve ark., 2003; Morales-Payan ve ark., 2005).
Hindistan’da yapilan bir ¢alismada Puccinia romagnoliana tarafindan neden olunan pas hastalik c¢ikis
enfeksiyonunun topalak yabanci otunun taze agirliginda %64, kuru agirliginda %56 oraninda azalmaya neden
oldugu, enfeksiyonun yabanci otun rizom ve sayisinda %34, agirliginda ise %83 oraninda azalmaya neden oldugu
bildirilmistir (Bedi ve Sokhi, 1994). Benzer durum israil de yapilan ¢aligma ile teyit edilmistir (Dinoor ve ark.,
1994).
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Sekil 2. Havug tarlalarinda en sik ve yogunlukta karsilasilan topalak (Cyperus rotundus) bitkisinin yaprak ve gévdelerinde biyolojik
miicadele etmeni Puccinia romagnoliana tarafindan olusturulan pas hastalik belirtileri (ok).

Figure 2. Typical rust disease symptoms (arrows) caused by biocontrol disease agent Puccinia romagnoliana on leaves and stems of purple
nutsedge (Cyperus rotundus) which is the most common and frequently encountered weed species (arrows) in carrot fields

Yapilan ¢aligmada saptanan 6nemli bir konu parazit bitkilerdir. Bu parazit bitkiler Orobanche crenata
(beyaz canavar otu, Sekil 3a ve b) ve Phelipanche ramosa (mavi ¢igekli canavar otu, Sekil 3c¢)’dir. Topbogazi
mintikasinda Kirikhan ilgesine ait havug tarlasinda saptanan parazit bitkiler havug alanlarindaki ilk tespittir. Daha
onceki yayinlarda buna iligkin bilgiye rastlanilamamistir. Calismada belirlenen iki canavar otu’da diisiik rastlanma
sikligr ve yogunluguna sahiptirler. Ancak sadece iki tarlada bulunan canavar otlarinin genel yayginlik ve
yogunluklart diisiik olmasina ragmen bulundugu tarladaki 6zel yogunlugu yiiksek olup, beyaz ¢igekli canavar otu
“C” seviyesinde, mavi ¢igekli canavar otu igin “D” seviyesindedir. Beyaz ¢igekli canavar otunun ana konukgulari
arasinda havug¢’un yaninda bakla, mercimek ve nohut bulunmakta olup mavi ¢igekli canavar otu i¢in ayn1 sekilde
havu¢’un yaninda domates, biber, patlican, tiitiin, kavun, patates, maydanoz ve bakla bulunmaktadir. Bu iirlinler
bu bélgede havugla ekim ndbetine girdigi diisiiniildiigiinde ¢ok dikkatli olunmasi gerekmektedir. Ureticiler bu
konuda yeterli bilgiye sahip olmadiklarindan goérecekleri zarar1 hesap edememektedir (Sekil 3d ve e). Havug
iretiminde canavar otuna kars1 kullanilabilecek herhangi bir kimyasal olmamasi ve diger miicadele yontemlerin
de ¢ogu zaman yetersiz kalmasi nedeniyle konuya hassasiyetle egilip su anda boélgede ¢ok diisiik olan yayginlik
ve yogunlugun artmamasi i¢in gerekli tedbirlerin alinmasi gerekmektedir.
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Sekil 3. Havug alanlarinda tespit edilen (A ve B) Orobanche crenata (beyaz canavar otu) ve (C) Phelipanche ramosa (mavi ¢igekli canavar
otu) [ok]. (D-F) Orobanche crenata (beyaz canavar otu) tarafindan olusturulan verim kaybi [ok] saglikli (E ve F) havug meyvesi ile
kiyaslanmasi ile agik bir gekilde goriilmektedir.

Figure 3. Parasitic weed species (A and B) Orobanche crenata (bean broomrape) and (C) Phelipanche ramosa (hemp broomrape) in the
surveyed carrot fields. (D-F) Typical yield losses caused by Orobanche crenata as evident on affected carrot roots (arrows) comparison to
healthy carrot (E and F) in same fields.

Bu calismada elde edilen 6nemli bulgulardan biri de havug alanlarinda ilk kez saptanan istilaci bir tiir olan
Amaranthus palmeri S. Watson’dur (Sekil 4). Tirkiye’de ilk olarak 2014 yilinda Dogu Akdeniz (Hatay ve
Osmaniye)’de gorillmistiir (Eren ve ark., 2016). Nasil tagindig1/bulastigi konusu tam olarak bilinmemekle beraber
ilk bulasmadan sonra bagka bolgelere muhtemelen yurtdisindan ithal edilmis hayvanlarin giibresi ile bulastiktan
sonra bolgelerde sulama suyu ve/veya tohumla tagindigi tahmin edilmektedir. A. palmeri ilk olarak yol kenart,
sulama kanallar1 kenar1 gibi tarim dis1 alanlarda goriilmekle birlikte zaman igerisinde turunggil, pamuk, misir, soya,
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aycicegi, patates ve yer fistig1 alanlarinda hizla yayilmaktadir (Turhan, 2017; Dogan ve ark., 2018; Altundag,

2019). Miicadelesi oldukca zor, rekabet giicii ve zarar orani yiiksek, yayilici ve istilact ozelliklere sahip

A. palmeri’nin tilkemizde Amik ovasinda yer alan havug tarlalarinda ilk defa bu calisma ile belirlenmistir.

Amaranthaceae familyasindan erkek ve disi cicekleri farkli bitkilerde olan, adaptasyon yetenegi yiiksek, istilaci,

tohumla ¢ogalan, tek yillik, yazlik, 2-3 m boylanabilen bitki 300.000 kadar tohum olugturabilmektedir (Sellers ve

ark., 2003; Steckel ve ark., 2004). Ancak Amik ovasinda simdilik yayginlik ve yogunlugu ¢ok diisiik bulunan bu
yabanci ota kargi sahip oldugu 6zelliklerinden dolayi ¢ok dikkatli olunmasi gerektigi bellidir.

Sekil 4. Ulkemiz havug alanlarinda ilk kez tespit edilen yabanci ot tiirlerinden Amaranthus palmeri (dev horozibigi) [0k].

Figure 4. First record of invasive weed species Amaranthus palmeri (palmer amaranth) in carrot fields in Turkey

Ayrica, Calismada, son yillarda Akdeniz bdlgesi tarim alanlarinda hizli bir yayilim gosteren ve 6nemli bir
sorun olan Ipomoea triloba L. (pembe ¢igekli aksam sefasi)’ya (Sekil 5) Kirikhan ilgesinde rastlanilmistir.
Ulkemizde Ipomoea stolonifera ve 1. sagittata tarim dis1 alanlarda, 1. purpurea ve I. triloba ise 6zellikle tarim
alanlarinda bulunmaktadir. Ulkemizde Ipomoea triloba ilk olarak Antalya ili pamuk iiretim alanlarmda bulunmus
olup istilact 6zelligi nedeniyle ¢cok hizli gelismekte ve kisa zamanda kiiltiir bitkisini tamamen sarmakta, bunun
sonucunda da kiltiir bitkisinin gelisimini engellemektedir (Yazlik ve ark., 2018). Akdeniz bolgesinde hizla
yayilmakta olup basta pamuk, misir, domates, sekerpancari, soya ve turunggiller gibi pek ¢ok iiriinde biiyiik
zararlara neden olan Ipomoea triloba daha 6nce iilkemiz havug yetistiriciligi yapilan alanlarda saptanmamustir. Bu
tiiriin Amik ovasindaki havug¢ disinda diger yazlik iirlinlerde de hizla yayilabilme potansiyelinde oldugu ve
gelecekte bu alanlarda biiyiik sorunlara neden olabilecegi konusunda ciddi endiseler bulunmaktadir.
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Sekil 5. (A) Havug ekim alanlarinda ilk kez tespit edilen yabanci ot tiirlerinden pembe ¢igekli aksamsefasi Ipomoea triloba (ok). (B) Yogun
sekilde ¢ikis yapmus Ipomoea triloba’l1 havug tarlasindan genel goriiniisii

Figure 5. (A) First record of Ipomoea triloba L. (three-lobe morning glory, large arrow) in the surveyed carrot (small arrow) fields. (B)
General appearance of intensively occupied carrot fields by Ipomoea triloba L.

Tiirkiye’de havug alanlarinda yapilan bir adet yabanci ot siirveyine rastlanilabilmistir. Bu ¢alisma 1988-
1991 yillar1 arasinda Ankara’da yiiriitilmiistiir. Havug alanlarinda yapilan siirveylerde 34 yabanci ot tiirii
saptanmis ve bunlar icerisinde en yaygin ve yogun olarak bulunan ig tiir, sirasiyla; Amaranthus retroflexus (%
93,4 ve 2,78 adet/m?), Portulaca oleracea (% 89,1 ve 2,65 2,78 adet/m?) ve Chenopodium album (% 86,6 ve 3,19
2,78 adet/m?) (Ercis ve ark., 1995)’dur. Yapilan ¢alismalar arasindaki benzerlik goriilmektedir. Bu yabanci otlar
iki ¢alismada da yayginlik ve yogunluk bakimindan 6nde gelmektedir. Ancak, bu ¢aligmada saptanan yabanci ot
tiir say1s1 daha fazla olmasinda ¢aligmanin farkli ekolojilerde yapilmasi ve yetisme donemlerindeki farkliliklardan
ileri geldigi diisiiniilmektedir.

Sonug olarak Tiirkiye’nin énemli havug iiretim alanlarinda olan Hatay’da yapilan siirvey c¢aligmasinda
belirlenen yabanci otlarin yogunluguna bakildiginda; “A” seviyesinde sadece Cyperus rotundus (Topalak), “B”
seviyesinde Portulaca oleracea (Semizotu), “C” seviyesinde Amaranthus retroflexus ve Sorghum halepense
(Kanyas) bulunmustur. Diger yabanci otlarmn “D” (19 tiir) ve“E” (55 tiir) seviyesinde oldugu hesaplanmigtir.
Yabanci otlarin yaygmligr agisindan bakildiginda Cok Rastlanan (CR) olarak; Cyperus rotundus (Topalak), Orta
Rastlanan (OR) olarak; Amaranthus hybridus, Amaranthus retroflexus, Chenopodium album, Convolvulus
arvensis, Echinochloa colonum, Physalis angulata, Portulaca oleracea, Sorghum halepense, Xanthium
strumarium) bulunmugtur. Diger yabanci otlarin yayginligi Az Rastlanan “AZ” (14 tiir) ve “NR” (54 tiir)
seviyesindedir. Bunlarin arasinda Cyperus rotundus (Topalak) yayginlik ve yogunluk bakimindan en 6nde
gelmekte olup etkili bir kimyasalin olmamasi nedeniyle miicadelesinde iiretici ¢aresiz kalmaktadir. Ancak
iizerinde yogun ve siddetli olarak pas hastalik etmeni Puccinia romagnoliana enfeksiyonu tespit edilmistir.
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Hastalik etmeninin saptandig1 zamandan sonraki donem igerisinde ayni tarlada hastaligin topalaklar1 6nemli 6l¢iide
bask1 altina aldig1 gozlenmistir.

Ayrica, havug alanlarinda yayginlik ve yogunlugu simdilik diisiik olan Orobanche crenata (beyaz canavar
otu) ve Phelipanche ramosa (mavi ¢igekli canavar otu) bulunmustur. Bu parazit bitkilerden kaynaklanan kalite ve
verim diisiikliigli saptanmis olmasi ileriye yonelik ciddi endiseye neden olmaktadir. Bu ¢alismada elde edilen
6nemli bulgulardan biri de Amik ovasi havug alanlarinda ilk kez saptanan istilaci bir tiir olan Amaranthus palmeri
S. Watson ve Ipomoea triloba L.’dir. Miicadelesi olduk¢a zor, rekabet giicii ve zarar orani yiiksek, yayilict ve
istilac1 Ozelliklere sahip bu yabanci otlarin Amik ovasindaki yayginlik ve yogunlugu simdilik ¢ok diisiik
bulunmustur. Ancak, bu yabanci ota kars1 sahip oldugu 6zelliklerinden dolay1 ¢ok dikkatli olunmast gerektigi
ortadadir.

Tesekkiir

Bu caligma Hatay Mustafa Kemal Universitesi, Bilimsel Arastirma Projeleri Komisyonunca (MKU BAP-
18.M.069 ) desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tarimsal Savasimda Kullamlan Bazi insektisitlerin Yumurta Parazitoiti Trichogramma pintoi
Uzerine Yan Etkileri

Side effects of some insecticides Used in Insect Pest Management on Egg parasitoid,
Trichogramma pintoi using in Agricultural Control

Hatice DINCEL SAGLAM' Nihal OZDER"

Oz

Bu ¢alisma kapsaminda Spinosad, Spinetoram ve Bacillus thrungiensis subsp kurstaki etkili maddeli ilaglarin farkl
dozlarinmn, yumurta parazitoidi Trichogramma pintoi’nin Ephestia keuhniella iizerindeki larva ve pupa
donemlerine yan etkileri arastirilmistir. Parazitlenmemis E. kuehniella yumurtalarina etkili madde uygulamasimin
ardindan parazitlenme ve agilma orani, ergin 6mrii gibi baz1 biyolojik kriterler belirlenmistir. Trichogramma pintoi
tarafindan parazitlemis yumurtalara erken (larva dénemi) ve ge¢ donemde (pupa donemi) daldirma ilag uygulamast
sonucunda Spinosad ve spinetoram yiiksek toksik etki gdstermis, B. t. subsp kurstaki ise toksik etki gdstermemistir.
Sonu¢ olarak B.t. subsp kurstaki’nin yumurta parazitoidleri Trichogramma pintoi ile giivenli bir sekilde
kullanilabilecekleri belirlenmistir.

Anahtar kelimeler: Trichogramma pintoi, yan etki, Spinosad, Spinetoram, Bacillus thrungiensis subsp kurstaki

Abstract

In this study, that the side effect of different doses of the Spinosad, Spinetoram and Bacillus thrungiensis subsp
kurstaki active ingredents of the insecticides on the larvae and pupae stages of egg parasitoid Trichogramma pintoi
on Ephestia keuhniella were investigated. Some biological properties were also determined such as parasitization
and emergence rate, and adult lifespan on unparasited E. kuehniella eggs treated by these active ingredents.
Spinosad and spinetoram showed high toxic effects on parasitized eggs in early (larval period) and late (pupa)
period by dipping insecticide application but B. t. subsp did not show toxic effects. As a result of this study, it was
determined that B.t. subsp kurstaki can be used safely with the egg parasitoid wasps Trichogramma pintoi.

Key words: Trichogramma pintoi, side effect, Spinosad, Spinetoram, Bacillus thrungiensis subsp kurstaki
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Extended Summary

The egg parasitoids in the genus Trichogramma (Hym., Chalcidoidea, Trichogrammatidae) is the
dominant family among the entomophagous insect, both in term of successfully used against several
Lepidopteran pests in many agricultural crop. Many species of Trichogramma are reared and used in many
different agricultural and forest crops in more than 30 countries around the world (Li, 1994). A number of
previous studies have led to improved methods of production and storage of Trichogramma spp. (Ozder 2004,
Ozder and Kara 2010, Ozder and Yaz 2016). Number of studies has focused on the side-effect of pesticides
on Trichogramma spp. (Maia ve ark. (2013, Souza ve ark. 2014, Blibech ve ark. 2015, Kim ve ark. 2018). In
this study, that the side effects of different doses of the Spinosad, Spinetoram and Bacillus thrungiensis subsp
kurstaki active ingredents of the insecticides on the larvae and pupae stages of egg parasitoid, Trichogramma
pintoi on Ephestia keuhniella were investigated. Some biological properties were also determined such as
parasitization and emergence rate, and adult lifespan on unparasited E. kuehniella eggs treated by these active
ingredents. Spinosad and spinetoram showed high toxic effects on parasitized eggs in early (larval period) and
late (pupa) period by dipping insecticide application but B. t. subsp did not show toxic effects. As a result of
this investigation, it was determined that B.t. subsp kurstaki can be used safely with egg parasitoid wasps,
Trichogramma pintoi.

Giliniimiizde tarimsal iiretim alanlarinda hastalik, zararli ve yabanci otlara karsi en ¢ok tercih edilen
yontem kimyasal miicadeledir. Ancak kimyasal miicadele kapsaminda atilan ilacin % 0.015-% 6.0’s1 hedef
alinan canli izerine ulagmakta ve yeterli etki alinmakta, geri kalan % 94-99.9’luk kisim ise agro-ekosistemde
olumsuz etkilere neden olmaktadir (Unal ve Giirkan 2001, Yassin Ali 2013). Bu olumsuz etkileri arasinda
toprak, hava ve su kaynaklarmin Kkirliligi, zararli boceklerde direng olusumuna neden olmasi ve hedef dis1
organizmalar (bal arilari, parazitoit ve predatorler) lizerindeki olumsuz etkileri sayilabilir. Bu nedenle tarimsal
iretimde zararlilara karsi dogayla uyumlu miicadele yontemlerinin tercih edilmesi son derece 6nemlidir. Bu
yontemler arasinda ¢evre dostu uygulamalardan basta biyolojik miicadele gelmektedir. Zararli boceklere karsi
dogal diigmanlarin kullanildig1 biyolojik miicadele etmenleri aslinda dogada kendiliginden var olan unsurlardir.
Ancak ekosistemde bulunmalar1 ve miktarlar1 gevresel faktorlere bagli olmakla beraber en 6nemli belirleyici
etkenlerden biri tarim ilaglarinin kullanilmasidir.

Ulkemizde ve birgok iilkede iireticilerin bir kismi tarimsal zararlilara kars1 yaptiklari bilingsiz
kimyasal miicadele uygulamalari ile hem girdi miktarin1 gereksiz yere arttirmakta, hem de gevre ve insan
saglig1 tizerinde tehdit olusturan olumsuz etkilere neden olmaktadirlar. Tarimsal iiretimde zararlilara kars
dogayla uyumlu miicadele yontemlerinin tercih edilmesi son derece 6nemli olup, biyolojik miicadele bu
yonden Onemli bir potansiyele sahiptir. Hymenoptera takimindaki tiirlerin hepsi parazitoit olmasa da
120.000°den fazla tiir isimlendirilmis ve bu tiirlerin gergek sayisinin bir milyonun {izerinde oldugu tahmin
edilmektedir (Hagen ve ark.,1999). Trichogramma spp.’nin iiretimi (Ozder 2004, Ozder ve Kara 2010, Ozder
ve Yaz 2016) ve ilaglarin parazitodilere yan etkisiyle ilgili konusunda pek ¢ok ¢aligma yapilmigtir (Ozpinar ve
Kornosor 1986, Maia ve ark. 2013, Souza ve ark. 2014, Blibech ve ark. 2015, Kim ve ark. 2018).

Bu ¢alisma ile Lepidoptera takimina ait zararlilarindan olan Elma i¢ kurdu, Cydia pomonella L.,
Salkim giivesi, Lobesia botrana Denis & Schif. ve Yaprakbiiken, Archips rosanus L. tiirlerinin kontroliinde
kullanilan bazi insektisitlerin bu tirlerin yumurtalarinda parazitlenme yapan yumurta parazitoidi
Trichogramma pintoi Voegele (Hymenoptera: Trichogrammatidae) lizerine yan etkileri arastirilmigtir.
Spinosad, Spinetoram etkili maddeleri ile Bacillus thrungiensis subsp kurstaki’nin T. pintoi iizerine yan etki
¢alismalarinda; parazitlenmis yumurtalarin i¢inde larva ve pupa doneminde olan parazitoidlere yan etkisi, etkili
madde uygulanmis yumurtalarin parazitlenme durumu ve ergin 6mrii, parazitledigi toplam yumurta sayis1 gibi
biyolojik 6zellikleri belirlenmistir.

230



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(2)

Materyal ve Metot

Un Giivesi, Ephestia kuehniella Zell. Uretimi

Namik Kemal Universitesi, Ziraat Fakiiltesi Bitki Koruma Béliimii Biyolojik Miicadele Laboratuvari
bocek yetistirme odasinda yaklagik 20 yildir diretimi yapilan stok kiiltiir kullanilmigtir. Un giivesi, Ephestia
kuehniella Zell. (Lepidoptera: Pyralidae) tiretimi 1/1 oraninda bugday musir unu ve kepek karigimi igeren
kiivetlere ekilen yumurtalar ile 25+1 °C sicaklik, %6045 nem ve 16:8 (karanlik: aydinlik) 1siklanma siiresine
sahip bocek yetistirme odasinda iretilmistir. Olusturulan bocek kiiltiirlerinden yaklasik 35-40 giin sonra ¢gikan
kelebekler aspiratér yardimiyla toplanmigtir. Kelebekler 14x11x8 ebatlarinda kenarlarinda tiil bulunan
yumurtlatma kaplarina alimmigtir ve tabanina A4 kagit bulunan 36x24 ebatinda kiivete yan yiizeyi asagi gelecek
sekilde yerlestirtilmistir. Giinlik yumurta toplama islemi bu kutularin yavasca sallanmasi, yiizeylerinin samur
fir¢a ile temizlenmesi ile yumurtalarin A4 kagit tizerine dokiinmesi saglanmistir. Kagit iizerindeki yumurtalar
kullanilmadan 6nce yumusak uclu firca ile kanat, bacak ve olasi besin parcalarindan temizlenmistir.

Yumurta Parazitoidi Trichogramma pintoi Voegele (Hym: Trichogrammatidae) Uretimi

Biyolojik testlerde yumurta parazitoidi olarak NKU Biyolojik Miicadele Laboratuvari Bocek
Yetistirme odasinda 10 yildir tiretimi devam eden T.pintoi kiiltiirii kullanilmistir. Parazitoit iretimi igin bir
giinliik E. kuehniella yumurtalar1 % 10’luk arap zamki soliisyonu siiriilmiis 1,5 x 10 cm ebatindaki kagit
sertilere homojen sekilde serpistirilerek yapistirilmigtir. Parazitletme iglemi, en ge¢ 24 saat dnce ¢ikis yapmis
parazitoid bulunun 18 x 1,5 cm ebatindaki cam tiiplere yumurta seritlerinin giinlik olarak verilmesi ile
gerceklestirilmistir. Parazitlenen yumurtalar ortalama 4 giin sonra kararmig ve 9 giin sonra agilmistr.

Yan Etki Testlerinde Kullanilan insektisitler

Denemelerde kullanilan insektisitler parazitoidlerin dogadaki konukg¢usu olan, Salkim giivesi ve
Domates giivesi miicadelesinde kullanilan ve organik tarimda kullanilabilen etkili maddelerden se¢ilmistir. Bu
amagla Spinosad etkili maddeli Laser 480 SC (Dow Agroscience)’in 10 ve 25 ml/100 1 tavsiye dozu,
Spinetoram etkili maddeli, Radiant 120 SC (Dow Agroscience)’nin 50 ml/da ve 50 m1/100 1 tavsiye dozu ve
Bacillus thrungiensis subsp kurstaki etkili maddeli DiPel DF (Sumiagro Company)’nin 75 g ve 100g / 100 1 su
tavsiye dozlar1 kullanilmistir.

Laser 480 SC, Spinosad etkili maddeli olup bu etkili madde Saccharopolyspora spinosa
(Actinomycetes) isimli bakterinin fermantasyonundan elde edilen, Spinosyn A ve Spinosyn D metobolitlerinin
karisimindan olugmakta olup, Radiant 120 SC ise ayn1 bakterinin Spinosyn J ve Spinosyn L metabolitlerinin
sentetik olarak modifiye edilmis karisimi olan Spinetoram etkilisi ile Bacillus thuringiensis subsp. kurstaki
strain ABTS-351 den olusan ve 3200 CLU/mg konsantrasyonundan kuru akict formda bakteriyel kokenli bir
insektisit olan Dipel DF kullanilmustir. {1k iki etkili maddenin etki mekanizmast sinir sitemi etkili Grup 11A,
B.t. kurstaki ise mide zehiri etkili Grup 5 olarak siniflandirilmaktadir (IRAC 2019).

Daldirma Yontemi ile parazitlenmis ve parazitlenmemis yumurtalarin testlenmesi

Denemelerde parazitlenmis ve parazitlenmemis Un giivesi yumurtalar1 kullanilmistir. Yumurtalar her
birinde 100 yumurta bulunan seritlerle 5 tekerriirlii olarak yiiriitilmistiir. Bu yumurtalar kullanilan ilaglar ve
farkli dozlar1 ile hazirlanan stok ilag sollisyonuna pens yardimiyla 5 saniye siire boyunca daldirilmas ile
yiriitiilmiistiir. Kontrol uygulamalarinda yumurtalar saf suya ayni siire boyunca daldirilarak denemeye
almmustir.

Verilerin Degerlendirilmesi ve Istatistiksel Analizler

Tim biyolojik testler sonucunda elde verilerle Excel tablolar1 olusturulmustur. Veriler arasindaki
farkliliklar SPSS istatistik programi kullanilarak tek yonlii varyans analizine (ANOVA) tabi tutulmustur.
Ortalamalar arasindaki farkliliklar %5 6nem seviyesinde Duncan testi kullanilarak belirlenmistir (SPSS 2009).
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Arastirma Sonuclari
Parazitleme sonrasi daldirma ila¢ uygulamasimin Trichogramma pintoi larvalarina kars etkisi

Yumurta parazitoidi T. pintoi tarafindan parazitlenmis Un giivesi E. kuehniella yumurtalari, 2 giinliik
parazitlenmenin ardindan 2 giin daha bekletilerek larva gelismesi saglanmistir. Yumurtalar yapistirildiktan
sonraki 4. giinde yapilan daldirma ilag uygulamasi sonrasi parazitlenen ve agilan yumurta sayilart Sekil 1.’de
verilmektedir. Yumurtalar parazitlendikten sonra sadece agilan yumurtalar istatiksel olarak degerlendirilmistir.
Kararan yumurtalar {izerine ilaglarin bir temasi olmadigi i¢in bunlar istatiksel olarak karsilagtiriimamaistir.
flaglarn yumurta agilimina etkisi yoniinden yapilan tek yonlii varyans analizi sonucunda (Fee; =69,319,
P<0,001) acilma oranlari iizerinde dnemli derecede etkiye sahip oldugu bulunmustur.

Trichogramma pintoi
Ortalama Parazitlenen ve Acilan Yumurta Sayilar
(Larva donemi)

100

® Parazitlenen

. b
60 a b a ® Acilan
40
20
C C C C

0 -
Spinosad Spinosad  Spinetoram  Spinetoram B.t. kurstaki B.t. kurstaki  Kontrol
10ml/100It  25ml/100It ~ 50ml/da ~ 50ml/1001t ~ 100g/1001t  75g/100It

Etkili maddeler ve dozlar1

Yumurta Sayisi (Ortalama)

Sekil 1. ilaglarin parazitlenmis yumurtalar igerisindeki Trichogramma pintoi larvalarinin gelisimine ve yamurta agihmn iizerine etkileri

Figure 1. Effects of tested active ingredents of the insecticides on the development of Trichogramma pintoi larvae in parasitized eggs

and egg hatching

Ele alinan ii¢ etkili maddenin tavsiye edilen dozlarinin T. pintoi larvalarina etki bakimindan Spinosad
ve spinetroam etkili maddelerinin hem diisiik hem de yiiksek dozlarinin parazitoid larvalari iizerinde yiiksek
toksisite gosterdigi belirlenmistir. Bu etkili maddelerin Larva donemindeki yumurta parazitodlerine yiiksek
derecede toksik etki gosterdigi ancak bakteriyel preparatin digerlerine gore ¢ikisa etkisinin diisiik oldugu
belirlenmistir.

Parazitleme sonrasi daldirma ila¢ uygulamasiin Trichogramma pintoi pupalarina kars etkisi

Trichogramma pintoi tarafindan parazitlenmis Un giivesi Ephestia kuehniella yumurtalari, 2 giinliik
parazitlenmenin ardindan 6 giin daha bekletilerek pupa olmasi saglanmistir. Yumurtalar yapistirildiktan
sonraki 8. giinde yapilan daldirma ilag uygulamasi sonuglari Sekil 2.’de verilmektedir. Istatiksel
degerlendirmede sadece agilan yumurtalar istatiksel olarak karsilagtirilmistir. Kararan yumurtalar {izerine
ilaglarm bir temas1 olmadig1 icin kararan yumurtalar istatiksel olarak karsilastirilmamustir. flaglarin yumurta
acilimina etkisi yoniinden yapilan tek yonlii varyans analizi sonucunda (Fe72=82,469, P<0,001) a¢ilma oranlari
iizerinde 6nemli derecede etkiye sahip oldugu bulunmustur.
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Trichogramma pintoi
Ortalama Parazitlenen ve Acilan Yumurta Sayilari
(Pupa donemi)
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Sekil 2. flaglarin parazitlenmis yumurtalar icerisindeki Trichogramma pintoi pupalarimn gelisimine ve yamurta acilhim iizerine etkileri

Figure 2. Effects of tested active ingredents of the insecticides on the development of Trichogramma pintoi pupae in parasitized eggs
and egg hatching

Sekil 2. incelendiginde Parazitleme sonrasinda T. pintoi pupalarina etki bakimindan spinosad ve
spinetoram etkili maddelerinin hem diisiik hem de yiiksek dozlarinin yumurta igindeki pupalarina yiiksek
toksisite gosterdigi belirlenmistir. Bakteriyel preparat olan B.t. subsp kurstaki ile yapilan diisiik ve yiiksek
dozlu ilag denemelerinde T. pintoi parazitoid pupalarmin agilma durumuna bakilarak gelisme yOniinden
etkilenmedigi belirlenmistir. Elde edilen veriler istatistiksel olarak karsilastirildiginda B.t. sub.sp. kurstaki
yiiksek ve diisiik dozlarda parazitoid ¢ikislar: arasinda istatiksel bir farklilik gézlenmemistir. 75g/100 | dozdaki
cikiglar kontrole gore yiiksek bulunmus olup fark istatistiki olarak da 6nemli bulunmustur. Ancak bu
parazitlenen yumurta sayisinin yiiksekliginden kaynaklanmis olabilecegi diisiiniilmektedir.

Parazitleme sonrasi daldirma yontemiyle ila¢ uygulanan Trichogramma pintoi larvalarindan c¢ikan
erginlerin performansi

Un giivesi yumurtalariin 2 giin parazitlenmesinden sonra tiiplerden ¢ikarilmasi ve bunu izleyen 4.
giinde etkili maddelerin ilaca daldirilmasi ile yiritilen denemelerde T. pintoi larvalarindan elde edilen
parazitoidlerin performanslar1 Sekil 3.’de verilmektedir. Parazitoid ¢ikisi iizerine toksik etki gdstermeyen
bakteriyel preparat B.t. var kurstaki etkili maddesinin ele alinan iki tavsiye dozuna iliskin sonuglar kontrol ile
karsilastirlldiginda ergin Omriiniin 15-18 giin arasinda degistigi belirlenmistir. Parazitoidlerin giinliik
parazitledikleri yumurta sayilar1 yoniinden ilk giinlerde daha yiiksek oranda oldugu belirlenmistir. Giinler
ilerledik¢e parazitlenmelerde diisiisler tespit edilmistir ayni zamanda parazitoid 6liimiine yakin giinlerde en
fazla 1-2 yumurta parazitledigi belirlenmistir. Bakteriyel preparat uygulamasi ile kontrol arasinda benzerlik
oldugu goriilmektedir.
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T. pintoi larvalarindan elde edilen erginlerin giinliik parazitleme

performanslari
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Sekil 3. ila¢ uygulanmis ve uygulanmamis Trichogramma pintoi larvalarindan elde edilen erginlerin giinliik parazitleme
performanslari

Figure 3. Daily parasitism performance of adults obtained from insecticide-treated and non-treated Trichogramma pintoi larvae

Parazitleme sonrasi daldirma ila¢ yontemiyle ila¢c uygulanmis Trichogramma pintoi pupalarindan ¢ikan
erginlerin performansi

Parazitleme sonrasi daldirma ilag uygulanmig T. pintoi pupalarindan ¢ikan erginlerin performansinin
belirlenmesinde Un giivesi yumurtalarinin 2 giin parazitletilmesinden sonra tiiplerden ¢ikarilmasi ve bunu
izleyen 8. giinde etkili maddelerin ilaca daldirilmasi ile yiiriitilen denemeleri kapsamakta olup de
Trichogramma pintoi pupalarindan elde edilen parazitoidlerin performanslart Sekil 4.’de verilmektedir.
Spinosad ve Spinetoram parazitoid pupalar1 lizerinde toksik etki gdstermis ve parazitoid ¢ikigint engellemistir.
Parazitoid ¢ikis1 tizerine toksik etki gostermeyen bakteriyel preparat B.t. var kusrstaki etkili maddesinin ele
alin iki tavsiye dozuna iligkin sonuglar kontrol ile karsilagtirildiginda ergin dmriiniin 15-18 giin arasinda
degistigi belirlenmistir. Bakteriyel preparat uygulanan yumurtalardan elde edilen parazitoidlerin giinliik
parazitledikleri yumurta sayilar1 kontrole gore ilk glinlerde daha yiiksek oranda oldugu belirlenmistir. Giinler
ilerledikge larvalardan elde edilen erginlerin performasina benzer sekilde parazitlenmelerde disiisler tespit
edilmistir ayn1 zamanda parazitoid 6liimiine yakin giinlerde en fazla 1-2 yumurta parazitledigi belirlenmistir.
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T. pintoi pupalarindan elde edilen erginlerin giinliik parazitleme
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Sekil 4. fla¢ uygulanmis ve uygulanmamus Trichogramma pintoi pupalarindan elde edilen erginlerin giinlik parazitleme

performanslari

Figure 4. Daily parasitism performance of adults obtained from insecticide-treated and non-treated Trichogramma pintoi pupae

Parazitleme oncesi daldirma yontemi ile ila¢ uygulamasimin Trichogramma pintoi’nin parazitleme
performansina, parazitoid 6mriine ve 6mrii boyunca parazitledigi ortalama yumurta sayisina etkisi

Bir 0Onceki bolimde verilen sonuglara ek olarak etkili madde uygulanan parazitlenmemis
yumurtalardan ¢ikan parazitoidlerin bazi 6zellikleri belirlenmistir. Bu kisimda Spinosad ve Spinetoram etkili
maddelerinin uygulandig: seritlerden ¢ikis olmadigt i¢in ¢caligmalar bakteriyel preparattan elde edilen erginler
iizerinde yiirtitiilmiistiir. Elde edilen veriler Cizelge 1.’de verilmistir. Sonuglar incelendiginde diisiik ve yiiksek
dozda bakteriyel preparat uygulanmig yumurtalardan ¢ikan parazitoidlerden kurulan 10 disi bireyle yiiriitiilen
denemeler sonucunda; digilerin parazitledikleri ortalama yumurta sayilari, ergin dmiirleri ve émrii boyunca
giinliik parazitledikleri ortalama yumurta sayilari bakimindan istatiksel olarak benzer oldugu saptanmuistir.
Parazitlenen yumurta sayisinin 20-120 adet arasinda degisti ve ortalama 75-92 adet oldugu, ergin 6mriiniin 2-
14 giin arasinda degistigi ve erginlerin ortalama 10-12 giin yasadig1 belirlenmistir. Ele alinan disi bireylerin
omrii boyunca giinliikk parazitledikleri yumurta sayilarina bakildiginda 4-12 adet yumurta arasinda degistigi ve
ortalama 7-8 adet oldugu belirlenmistir.
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Cizelge 1. Parazitleme oncesi daldirma ila¢ uygulanan yumurtalardan elde edilen Trichogramma pintoi erginlerinin bazi biyolojik

ozellikleri

Table 1. Some biological characteristics of Trichogramma pintoi adults obtained from insecticide-treated eggs before parasitism

B.t. subsp kurstaki 75.0+8.3 10.6 £1.0 7+0.6
(759/1001t) (20-104) (2-13) (4-10)
A* A A
B.t. subsp kurstaki 832+6.2 102+1.0 85+0.5
(100g/1001It) (55-114) (6-13) (6-11)
A A A
Kontrol 929+5.0 12.0£0.7 8.0+0.5
(68-120) (8-14) (5-12)
A A A
FveP degerleri F2,27=1.81 Fz,z7=1.02 F2,27=1.07
P=0.182 P=0.373 P=0.355

*Her bir siitunda ayn1 harf ile gosterilen ortalamalar arasindaki fark istatistiksel olarak 6nemsizdir (P<0.05)

Tartisma ve Sonug¢

Spinosad ve Spinetoram etkili maddelerinin ele alinan her iki dozu, yumurta parazitoidi T.pintoi’nin
erken (larva donemi i¢in) veya ge¢ (pupa donemi i¢in) donemde uygulansa bile toksik etki gosterdigi
belirlenmistir. Ayni1 zamanda parazitlenmemis yumurtalara ila¢ uygulanmasinin ardindan parazitletilmesine
iligkin elde edilen veriler 15181nda, parazitoidlerin ilaglh yumurtay1 parazitledigi ancak Spinosad ve spinetoram
uygulanmis yumurtalarda ¢ikis olmadigi belirlenmistir. Benzer sekilde Suh ve ark. 2000, spinosad etkili
maddesinin Trichogramma exiguum’un ¢ikislari, ergin yasam siiresi lizerine etkisini arastirdiklar1 ¢alismada
Helicoverpa zea yumurtalari tizerinde ergin 6ncesi donemlere (larva, prepupa, pupa) yan etki gosterdigini
belirlemislerdir. Maia ve ark. (2013), Trichogramma atopovirilia Oatman & Platner’nin misirda, Spodoptera
frugiperda (J. E. Smith) tizerinde yumurta-larva, larva-pupa ve pupa dénemlerine olan etkisini incelemisler ve
spinosad’in ele alina tiir i¢in az zararl etki yaptigini ortaya koymuslardir. Souza ve ark. (2014), ayni misir
zararlisini baski altina almak amagli spinosad kullaniminin Trichogramma pretiosum Riley’un ergin 6ncesi ve
F1 dolii tizerinde orta derecede zararli oldugunu belirlemislerdir. Blibech ve ark. (2015) Trichogramma oleae
Voegelé & Pointel, T. cacoeciae Marchal and T. bourarachae Vargas and Cabello’dan olusan 3 yumurta
parazitoidi tiire karsi spinosad tavsiye dozunda zararsiz ile orta derecede zararli arasinda oldugunu
belirlenmiglerdir. Bueno ve ark. (2008) T. pretiosum’ un yumurta, larva ve pupa donemlerine spinosad etkili
maddesinin de i¢inde bulundugu uygulamalarda bu etkili maddenin ergin dncesi parazitoid donemlerine
spinosad 24 g ha-1 dozunda zararl olarak siniflandirnuglardir. Hussain ve ark. (2010, 2012)’da Spinosad’in
Trichogramma chilonis Ishii’in parazitlemesinde diisiik ¢ikisa neden oldugunu bildirmislerdir.

Spinetoram’m ele aliman Trichogramma tiirleri tizerine toksik etkisi ile ilgili bir ¢aligmaya
rastlanmamis olup mevcut ¢alismada Spinetoram’m Spinosad gibi yiiksek toksisite gosterdigi belirlenmistir.
Kim ve ark. (2018) iglerinde spinetoram ve spinosad’ in da bulundugu 16 insektisit, 2 akarisit, 3 fungusit ve 5
biopestisitin bulundugu 26 ilacin faydalilar {izerine etkisini arastirmiglardir. Trichogramma tiirleri olmasa bile
Hymenoptera takimindan 5 parazitoid tiir lizerinde Spinetoram ve spinosad 48 saat uygulama siiresi
sonunda %100 toksik etki gosterdigini bildirmiglerdir.

Bacillus thrungiesis subsp. kurstaki’nin T. pintoi tarafindan parazitlenmis erken (Larva dénemi)
ve ge¢ (pupa donemi) daldirma ilag uygulamasi sonucunda elde edilen veriler incelendiginde bakteriyel
prepratin larva ve pupalar {izerinde toksik etkisi olmadigi ve yumurtalardan parazitoid ¢ikist oldugu
belirlenmistir. Benzer sekilde parazitlenmemis yumurtalara diisiik ve yliksek dozda yapilan uygulama
sonrasinda yumurtalarin ele aliman Trichogramma tiirlerince parazitlendigi, toksik etki gostermedigi ve
yumurtalardan ¢ikis oldugu belirlenmistir. Yumurtadan ¢ikan parazitoidlerin performans ve 6miir agisindan
degerlendirildiginde kontrol grubundaki parazitoidler gibi performans gosterdigi ve dmiir itibariylede kontrol
grubuna istatiksel olarak benzer 6zellikler gosterdigi belirlenmistir. Cesitli arastiricilar Bacillus thuringiensis
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(Bt) kurstaki’ nin Trichogramma ostrinia, T. cacoecia, T. pratissolii, T. pretiosum, T. brassica, T. evanescens
gibi baz1 parazitoid tiirler {izerine negatif etkisi olmadigini bildirmislerdir (Azizoglu ve ark. 2015, Hassan ve
Krieg 1975, Wang ve ark. 2012,2014). Azizoglu, ve ark. (2015) Bacillus thuringiensis (Bt) kurstaki’ nin T.
evanescens erginleri iizerinde disi parazitleme performanslarina ve ergin dmriine etkisini arastirmiglardir.
Ephestia kuehniella yumurtalari iizerinde 5000 pg/ml dozda yiiriitiilen testler sonucunda B. thuringiensis subsp.
kurstaki’nin T. evanescens ergin omrii ve parazitleme performasi iizerinde 6nemli bir azalmaya neden
olmadigimi IPM programlarinda kullanilabilecegini belirlemislerdir.

Sonu¢ olarak bircok arastirmada insektisitlerin Lepideoptera takimina ait konukgularmin
yumurta koriyonuna niifuz edemedigi belirtilmis (Bull ve Coleman 1985) olmasina ragmen parazitlenmis
yumurta igindeki parazitoidlere de olumsuz etki yapabildigi belirlenmistir. Mevcut ¢alismada ve daha 6nce
yapilan calismalarda oldugu gibi Spinosad ve Spinetoram etkili maddeli ilaglarin parazitlenmis yada
parazitlenmemis yumurtalara uygulanmasina bagli olarak T. pintoi {izerine yiiksek toksik etkiyi
dogrulamaktadir. Spinetoram’in T. pintoi iizerindeki yiiksek toksite etkisi ilk kez bu g¢alisma ile ortaya
konmustur. Bacillus thuringiensis subsp kurstaki kullanilarak yiiriitiilen denemelerde T. pintoi iizerinde toksik
etki meydana getirmedigi ve miicadele programlarinda bu preparatin giivenle kullanilabilecegi ortaya
konmustur.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tekirdag ili Corlu Tlcesinde Kanola Uretim Alanlarinda Gériilen Zararh Bocek Tiirleri
Uzerine Arastirmalar

Investigations on Harmful Species of Insect in the Canola Production Areas in Corlu,
Tekirdag

ikbal ALTIN® Nihal OZDER!
Oz
Kanola tilkemizde tarim1 yapilan en dnemli yag ve miinavebe bitkilerinden biridir. Tiirkiye’de zamanla iiretimi
artmig ve Ozellikle Trakya bolgesinde genig bir iiretim alanina sahip olmustur. Kanola bitkisine diger kiiltiir
bitkilerinde oldugu gibi birgok zararli mevcuttur. Bu ¢aligma ile Tekirdag ili Corlu ilgesinde kanola iiretim
alanlarinda goriilen zararli bocek tiirleri, tiirlerin bulunma oranlari belirlenerek, bundan sonraki ¢alismalara alt
yap1 olusturmasi hedeflenmistir. Bu ¢aligma ile 2017-2018 yillarinda Corlu ilgesinde (Tekirdag, Tiirkiye) kanola
tiretim alanlarinda zararli bocek tiirleri tespit edilmistir. Arastirmada 2017 yilinda 21 tiir, 2018 y1linda ise 17 tiir
tespit edilmistir. Her iki yilda da bulunma orani en fazla olan tiir Psylliodes chrysocephala (L.) (Coleoptera:
Chrysomelidae)’ dir. Bununla birlikte Plutella xylostella (L.) (Lepidoptera: Plutellidae), Ceutorhynchus picitarsis
(G.) (Coleoptera:Cuculionidae), Dolycoris baccarum (L.) (Hemiptera:Pentatomidae) ve Brevicoryne brassicae
(L.) (Hemiptera:Aphidiidae) en yaygn tiirler arasinda oldugu tespit edilmistir. Her iki yilda da Nisan aymda P.
xylostella, Haziran ayinda B. brassicae yogunluk gosterirken, Mayis ayinda yogun olarak bulunan tiiriin 2017
yilinda D. baccarum, 2018 yilinda ise P. chrysocephala oldugu saptanmustir.
Key words: Psylliodes chrysocephala, Plutella xylostella, Ceutorhynchus picitarsis, Dolycoris baccarum, Brevicoryne
brassicae
Oz
Canola is one of the most important oil and alternation plants in our country. Also, it-’s production has increased
over time and it still keep having a large production, especially in Thrace region in Turkey. Canola also has many
pests as well as other crops. With this study, determination of the presence of pest insect species in the canola
production areas in the Corlu province of Tekirdag and also developing a base of information for the future studies,
was aimed.
In 2017, 21 species and in 2018, 17 species were identified in the research. Psylliodes chrysocephala (L.)
(Coleoptera: Chrysomelidae) is the highest rate of occurrence in both years. Also Plutella xylostella (L.)
(Lepidoptera: Plutellidae), Ceutorhynchus picitarsis (G.) (Coleoptera: Cuculionidae), Dolycoris baccarum (L.)
(Hemiptera: Pentatomidae) and Brevicoryne brassicae (L.) (Hemiptera: Aphidiidae) are most common ones. P.
xylostella is in April, B. brassicae in June, in May 2017 D. baccarum and in 2018 P. chrysocephala were
determined as common species.
Anahtar kelimeler: Psylliodes chrysocephala, Plutella xylostella, Ceutorhynchus picitarsis, Dolycoris baccarum,
Brevicoryne brassicae
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Extended Summary

Canola, Brassica napus L. is the most important oil plant followed by soybean in the world. The
production and consumption of canola is widely distributed because of canola oil is used for food oil and
biodiesel.

Canola is one of the most important oil and alternation plants in our country. Also, it’-s production
has increased over time and it still keep having a large production areas and especially area where is Thrace in
Turkey. Canola also has many pests as well as other crops. It’s planned on determination of presence and
species in the canola production areas in the Corlu province of Tekirdag and also the planning an infrastructure
for the future plans.

In this study, the pest species in canola production area of Corlu province, Tekirdag-Turkey were
determined between 2017 and 2018.

In 2017, 21 species and in 2018, 17 species were identified in the research. Psylliodes chrysocephala
(L.) (Coleoptera: Chrysomelidae) is the highest rate of occurrence in both years. Also Plutella xylostella (L.)
(Lepidoptera: Plutellidae), Ceutorhynchus picitarsis (G.) (Coleoptera: Curculionidae), Dolycoris baccarum (L.)
(Hemiptera: Pentatomidae) and Brevicoryne brassicae (L.) (Hemiptera: Aphididae) are most common ones. P.
xylostella is in April, Brevicoryne brassicae is in June, in May 2017 Dolycoris baccarum and Psylliodes
chrysocephala were determined as common species.
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Ulkemizde rapiska, rapitsa, kolza isimleriyle de bilinen kanola, kishk ve yazlik olmak iizere iki
fizyolojik doneme sahip bir yag bitkisidir. Kanola, danesinde bulunan % 38-50 yag ve % 16-24 protein,
tohumlarinda %40 oraninda ham yag ve %60 oraninda kiispe iceren yag bitkisidir. Tiirkiye’deki kanola tiretimi
¢ok uzun bir gegmise sahip degildir. Biyodizel yapiminda hammadde olarak kullanilan bitkilerden biri
kanoladir. Bu bitki, Balkanlardan gelen go¢cmenlerle beraber kolza adiyla 1960’lLi yillarda Turkiye’ye
getirilerek Trakya da ekimine baslanmistir. Ancak bu bitkinin yaginda insan sagligina zararli eriisik asit
bulunmasi nedeniyle 1979 yilinda ekimi yasaklanmustir (Siizer 2001).

Marmara Bolgesinde iiretimi yapilan ve o zamanlar kolza olarak adlandirilan gesitlerin eriisik asit
icermeleri nedeniyle 1980 yilindan itibaren iiretimi giderek azalmistir (Unakitan 2003). Kolza olarak
isimlendirilen gesitler %45-50 oranindaki eriisik asit i¢erdigi i¢in {iretiminden vazgegilmistir. Arastiricilarin
yaptiklari 1slah ¢aligmalari ile eriisik asit igerigi %0 diizeyine disiiriilmiistiir, boylece bitkinin bitkisel yag
ihtiyaci i¢in yeniden iiretimine baglanmistir (Algan 1990)

Diinyada oldugu gibi Tiirkiye’de de son yillarda 6nem kazanan tarim faaliyetlerinden biri yagh
tohumlarin iretimidir. Bu bitkilerin tohumlarinda %30-50 ye varan oranlarda yag bulunmaktadir (Doganay
1994). Kislik bir bitki olan kanolanin dekara ortalama verimi son yillarda 300 kg tizerinde seyretmektedir.
Tekirdag ilinde bu rakam iyi sulanan arazilerde 400 kg/da’a kadar ¢ikmaktadir. Bu nedenle kanola aygicegi
tiretimine alternatif olabilecek 6nemli bir yag bitkisidir (Unakitan ve Kumbar 2011).

Kanola uygun iklim kosullarinda bugday ile ekim nobetine girebilmekte ve bunun yaninda gerek
yemeklik yag ve gerekse yakit (biyodizel) iiretiminde onemli bir agigin kapatilmasina yardimct olacak bir
alternatif tarimsal faaliyet olarak dikkat ¢ekmektedir. Kanola bitkisinin yetismesine uygun iklim kosullart
Dogu Karadeniz Boliimii harig iilkenin her bolgesinde mevcuttur (Tiras 2009)

Kanola degerli kiispesi ve hektar bagima 1000 kg’1 asan yag verimi ile diinya yag piyasasinda ticari
acidan ¢ok 6nemli bir yere sahip olmakla birlikte, icerdigi doymus ve doymamis yag asitlerinin oranlart ve
yapilar1 itibar1 ile biyodizel {iretimine en uygun hammaddelerden biridir. Diinya biyodizel iretimi
hammaddelerinin yaklasik %84°liik boliimiinii kanola yagi olugturmaktadir (Korbitz 2002)

Kanola iiretim verilerine bakildiginda 2014-2018 yillar1 arasinda ortalama kanola {iretim miktar
ortalama 108.000 ton ve verim miktar1 dekarda ortalama 346 kg olarak belirtilmistir (TUIK 2019).

Corlu ilgesinde 2017 yilinda 13.000 da alan da 4.420 ton kanola iiretimi yapilmis ve 340 kg/da verim
elde edilmistir. 2018 yili igerisinde ise toplam 36.000 da alanda 10.080 ton kanola iiretimi yapilmig ve 280
kg/da verim elde edilmistir (Anonim 2018, Erol 2018).

Diger tiim kiiltiir bitkilerinde oldugu gibi Crucifera iiretiminde de verimi ve kaliteyi etkileyen birgok
faktor bulunmaktadir. Ornegin lahana, kolza, karnabahar ve turp gibi bitkilerin Diinya’da ve Tiirkiye’de
konukgcusu oldugu birgok zararli mevcuttur (Kennedy ve ark. 1962, Avei ve Ozbek 1990, Avci ve Ozbek 1995,
Ozder ve Kilinger 1999, Balcioglu ve ark. 2007). Bu zararhlar bitkilerin iiretimini azaltmakta, pazarlama
degerini ve kaliteyi 6nemli 6l¢iide diistirmektedir (Anonim 2002, Anonim 2011, Anonim 2019).

Bu ¢alisma ile daha 6nce hi¢ ¢aligma yapilmamis olan, Tekirdag ili Corlu ilgesinde kanola liretim
alanlarinda goriilen zararl bocek tiirleri, tiirlerin bulunma oranlarinin belirlenerek sonraki ¢aligmalara alt yap1
olugturmasi1 amaglanmugtir.

Materyal ve Metod

Materyal

Caligmanin ana materyalini Tekirdag ili Corlu il¢esi kanola alanlar1 ve buralarda goriilen zararli bécek
tirleri olusturmaktadir. Corlu ilgesi sinirlar icerisinde ilgeyi temsil edecek en az 4 adet kanola tarlasindan
haftalik olarak zararli bécek 6rnegi bakilarak ¢aligma yiiriitiilmiistiir. Calismanin yiriitildigi kanola tarlalari
Tiirkgiicii, Yenice, Sarilar ve Onerler olmak iizere 4 farkli kdyden segilmistir (Cizelge 1).
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Cizelge 1. Kanola iiretim alanlarinda goriilen zararhlarin saptanmasi icin calisma yapilan tarlalarin konum bilgileri
Tablel. Location information of the study fields for the detection of harmful pests in canola production

Ornekleme Yerleri  Enlem Boylam Rakim Calisilan Alan(da)
2017-2018

Tirkgiicii 41.05.29.94 27.49.01.81 90 m 15-12

Yenice 41.04.41.43 27.43.32.04 48 m 25 -20

Sarilar 41.08.39.27 27.42.00.18 166 m 24-30

Onerler 41.09.24.64 27.52.42.75 211m 10-18

Metod

Tekirdag ilinde kanola iiretimi fazla olan Corlu ilgesine bagh (Tiirkgiicii, Yenice, Sarilar, Onerler) 4
koyde 6rneklemeler 2017 ve 2018 yillarinda yapilmistir. Caligmalara her iki yilda da 15 Subat’ta baglanmis ve
1 hafta ara ile 6rneklemeler yapilmistir. Bu bdlgelerde zararli tiirlerin saptanmasi ve bulunma oranlarimi
belirlemek amaciyla toplamda 2017 yilinda 74 da, 2018 yilinda 80 da alanda, iireticilerin izin verdigi tarlalarda
¢aligmalar ylritilmistir.

Zararl tiirlerin saptanmasi ve bulunma oranlarinin tespit edilmesi amaciyla drneklemede segilen
tarlalarin kdsegenleri dogrultusunda yiiriinerek tesadiifen segilen 100 bitkinin kdk, ana sap1, yaprak ve kapsiil
tizerindeki zararli bocekler toplanip sayimi yapilmistir. Her arazi igin 100 bitkiye bakilmis ve 100 atrap
sallanarak ¢alisma yiiriitilmistiir. Yaprakbitleri i¢in 6dnceden hazirlanan %96 ‘lik alkol tiipleri kullanilmigtir
(Avc1 ve Ozbek 1995, Ozder ve Kilinger 1999).

Yakalanan larvalar laboratuvarda ergin hale getirilmistir. Siyanirli 6ldirme kaplart kullanilarak
oldiirme islemi gergeklestirilmistir. I[gneleme isleminden sonra etiketlenip paketlendikten sonra teshis edilmek
tizere uzmanlara gonderilmistir.

Bolgelere Gore 2017 ve 2018 Yillarinda Yapilan Tarimsal Uygulamalar

Trakya Bolgesinde ekilen PR44W29 (Pioneer), DK Exstrom (Dekalb) ve Es Hydromel cesitleri ile
caligilarak zararl takibi yapilmistir. Ekim tarihi 6ncesinde 15-15-15 ve 20-20 taban giibreleri 20-25 kg/da
araliginda kullanilmistir. Genel olarak kanola ekimi eylill aymin son haftasi ve ekim aymin ilk haftast
araliginda tamamlanmistir. Yine kasim ay1 icerisinde 25-30 kg Amonyum Siilfat uygulanmistir. Yine Kasim
ay1 igerisinde sicakligin 10 derece iizerinde oldugu doénemlerde dar yaprakli otlar i¢in 116,2g/1 Clethodim
(Select Super, Cansa) genis yaprakli otlar i¢in icersinde 240g/1 Clopyralid+80g/1 Picloram+40g/l Aminopyralid
(Lontrel Extra, Dow AgroSciences) etkili maddeli herbisitler kullanilmigtir. Giibre olarak mart ayinda 10-15
kg/da Ure uygulanmistir. Mart ay1 icerisinde kendi gelen otlar olarak ifade edilen dar yaprakli yabanci otlar
icin Select Super uygulamasi yapilmistir. Mart ay1 igerisinde 3’1d karisim olarak adlandirilan Bor, Fungusit ve
Insektisit uygulamasi yapilmistir. Nisan ay1 igerisinde %26 - %33 * liikk Amonyum Nitrat 20-30 kg/da olacak
sekilde uygulanmigtir. Bu 3°1ii karisim mayis ayi igerisinde tekrarlanmig ve insektisit olarak kalicilig1 yiiksek
olan ilaglar tercih edilmistir.

Bulgular
Her iki yilda da 15 Subat sonrasinda 1 hafta araliklar ile araziye ¢ikarak c¢alisilmaya baslanmis ve ilk

ergin bocege 09.04.2017 ve 01.04.2018 tarihinde rastlanmistir. Her iki yilda da ilk karsilasilan zararhlar
Plutella xylostella, Psylliodes chrysocephala ve Ceutorhynchus picitarsis olmustur.

Kanola alanlarinda yillara gore bulunan zararh bocek tiirlerinin saptanmasi ve bulunma oranlar
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tiir, Hemiptera takimimdan 8 tiir tespit edilmistir (Sekill)(Cizelge 2).

Yapilan arastirma sonucunda 2017 yilinda Lepidoptera takimindan 2 tiir, Coleoptera takimindan 11

Cizelge 2. 2017-2018 yillarinda tespit edilen Zarah bocek tiirleri ve sayilari
Table2. . Harmful insects species and number detected in 2017-2018

Takim Familya Tiir Zarah Zarali sayisi
Sayisi (adet) 2018
(adet) 2017
Plutellidae Plutella xylostella (L.) 131 148
Lepidoptera
Pieridae Pieris brassicae (L.) 54 75
Chrysomelidae Psylliodes chrysopcephala 148 212
Coleoptera Scarabaeidae
Oxytnyrea funesta (P.) 9 -
Chaetopteroplia segetum (H.) 9 11
Tropinota hirta sturalis (P.) 94 138
Protaetia ungarica (H.) 3 -
Curculionidae Aulacobaris cribellata (L.) 12 16
Lixus ochraceus (B.) 11 14
Ceutorhynchus picitarsis (G.) 116 152
Cerambycidae Phytoecia coerulea (S.) 7 -
Agapanthia walteri (R.) 7 12
Agapanthia cardui (L.) 5 -
Pentatomidae Dolycoris baccarum (L.) 142 176
Carpocoris purpureipennis (D.) 22 32
Eurydema ornata (L.) 51 58
Lygidae Spilostethus pandurus (S.) 12 33
Lygaeus equestris (L.) 16 16
Hemiptera
Aphidiidae Brevicoryne brassicae (L.) 136 141
Miridae Adelphocoris quadripunctatus (F.) 22 18
Coreidae Centrocoris variegatus (K.) 41 8
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2017 YILI

m Plutella xylostella = Psylliodes chrysocephala = Ceutorhynchus picitarsis
Dolycoris baccarum = Carpocoris purpureipennis = Aulacobaris cribellata

m Tropinota hirta sturalis m Oxytnyrea funesta m Pieris brassicae

m Lixus ochraceus m Phytoecia coerulea m Chaetopteroplia segetum o+

= Agapanthia walteri = Agapanthia cardui Adelphocoris quadripunctatus
Centrocoris variegatus = Eurydema ornata = Spilastethus pandurus

m |ygaeus equestris m Brevicoryne brassicae = Protaetia ungarica

Sekil 1. 2017 yih tespit edilen zararh bécek sayilar:

Figurel. Number of harmful insects detected in 2017

2018 y1linda ise bulunan toplam Lepidoptera takimindan 2 tiir, Coleoptera takimindan 7 tiir, Hemiptera takimindan
8 tiir bulunmustur (Cizelge2) (Sekil2).
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2018 YILI

8
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16 32
m Plutella xylostella m Psylliodes chrysocephala = Ceutorhynchus picitarsis
Dolycoris baccarum = Carpocoris purpureipennis m Aulacobaris cribellata
= Tropinota hirta sturalis m Pieris brassicae m Lixus ochraceus
m Chaetopteroplia segetum o+ m Agapanthia walteri Reitter m Adelphocoris quadripunctatus
= Centrocoris variegatus = Eurydema ornata Spilastethus pandurus
Lygaeus equestris = Brevicoryne brassicae

Sekil 2. 2018 yilinda tespit edilen zararli bocek sayilar

Figure2. Number of harmful insects detected in 2018

Agapanthia cardui, Oxytnyrea funesta ve Protaetia ungarica 2017 yilinda tespit edilen ancak 2018 yilinda
karsilagilmayan 3 tiir olarak belirlenmistir.

Zararh tiirlerinin kéylere gére bulunma oranlar:

Corlu ilgesinin 4 farkli bolgesinde yiiriitiilen arastirmada Tirkgiicii kdyiinde 2017 yilinda 21 bocek
tird tespit edilmistir. Ayni calisma 2018 yilinda tekrarlanmis ve bunun sonucunda 16 bocek tiiriine
rastlanmistir. Tiirkgiici koyiinde 2017 yilinda Ceutorhynchus picitarsis, 2018 yilinda ise Psylliodes
chrysocephala en ¢ok rastlanan bocek tiirii olmustur. Tespit edilen bocek tiirleri ayrintili olarak grafik tizerinde
belirtilmistir (Sekil 3).
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TURKGUCU 2017

TURKGUCU 2018

P.ungarica 1 S. pandurus
S.pandurus m .
L. equestris N
L. equestris
A cardui m C.variegatus W
C.variegatus mmm A.walteri I
O.funesta m E.ornata |
A. walteri =
E. ornata B. brassicae  EG—_—_—_
B. brassicae 1 A. quadripunctatus |l
A. quadripunctatus . C.segetum o+ |
C.segetum o+ W
C. purpureipennis 1l
P.coerulea 1
C. purpureipennis == P.brassicae W
P.brassicae  IEE— T. hirta sturalis  IE——
L. ochraceus =® .
A. cribellta 1
T. hirta sturalis  E————
) . |
A.cribellta m P. chrysocephala
P.chrysocephala m————— C. picitarsis GG
C. picitarsis D. baccarum I
D. baccarum  E——
. ]
P. xylostella I P. xylostella
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o
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o
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Sekil 3. Tiirkgiicii kdyii zararh tiirler ve sayilari

Figure 3. Harmful insect species and number in Tiirkgiicii

2017 yilinda Sarilar kdyiinde 18 bdcek tiiriine rastlanmis ve Ceutorhynchus picitarsis diger tiirlerden
daha fazla sayida bulundugu gorilmiistiir. 2018 yilinda ise 16 farkli bocek tiiriine rastlanmig ve Psylliodes
chrysocephala tiiriiniin yaygin tiir oldugu tespit edilmistir (Sekil 5).
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SARILAR 2017

SARILAR 2018

Protaetia ungarica 1 P.ungarica 1
Lygaeus equestris 1l S.pandurus M
Centrocoris variegatus W L equestris M
Oxytnyrea funesta 1 .
C.variegatus M
Agapanthia walteri |
E.ornata N
Eurydema ornata I
Brevicoryne brassicae I B. brassicae
Adelphocoris... W A. quadripunctatus |
Chaetopteroplia... I C. purpureipennis
Carpocoris... Il P. brassicae IEEG_—__—_—_
Pieris brassicae I L. ochraceus
Lixus ochraceus T. hirta sturalis G
Tropinota hirta sturalis I .
Aulacobaris cribellta 1l
Aulacobaris cribellta
P. chrysocephala N
Psylliodes... HE—
C. picitarsis I
Ceutorhynchus... I picrtarsis
. . |
Dolycoris baccarum I D. baccarum
Plutella xylostella  EE— P.xylostella  EE—
0 20 40 60 0 20 40 60

Sekil 5. Sarilar koyii koyii zararh tiirler ve sayilari

Figure 5. Harmful insect species and number in Sarilar

Onerler kéyiinde 2017 yilinda 18 ve 2018 yilinda 17 farkli zararh tiire rastlanmis ve yaygin tiir olarak
Psylliodes chrysocephala tespit edilmistir(Sekil 6).
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ONERLER 2017 ONERLER 2018
S. pandurus ® P.ungarica 1
L. equestris = S. pandurus =
A.cardui ® L. equestris  mm
C.variegatus  n— C.variegatus mm
A. walteri 1 A walteri 1
E.ornata mmm E ornata s
B. brassicae  HEE—— .
g B. brassicae I
A. quadripunctatus &
9 P A. quadripunctatus &
P.coerulea m
. . C.segetum o+ m
C. purpureipennis m ) '
. -
P brassicae C. purpureipennis
P. brassicae  ——
L.ochraceus =
T. hirta sturalis  n— L.ochraceus m
A. cribellta m T. hirta sturalis  EEE———
P. Chrysocephala I P. Chrysocephala I
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Sekil 6. Onerler koyii koyii zararh tiirler ve sayilari

Figure 6. Harmful insect species and number in Onerler

Tekirdag ili Corlu ilcesi kanola alanlarinda aylara gore zararh ergin bulunma oranlarn

Calisma sonucunda bulunan zararli tiirlerin aylara gore degerlendirdigimizde nisan ay1 icerisinde 2017
yilinda 6 bocek tiirii, 2018 yilinda 8 bocek tiirii tespit edilmistir. Mayis ay1 igerisinde yapilan ¢alismada 2017
yilinda 15 tiir, 2018 yilinda 17 tiir bulunmustur. Haziran ayina baktigimizda 2017 yilinda 17 tiir, 2018 yilinda
15 bocek tiiriine rastlanmustir.

2017 yilinda nisan ayinda Plutella xylostella, mayis ayinda Dolycoris baccarum, haziran aymda
Brevicoryne brassicae sayica en fazla rastlanan bocek tiirleri olmugtur. 2018 yilina baktigimizda nisan aymda
Plutella xylostella, mayis ayinda Psylliodes chrysocephala, haziran ayinda ise Brevicoryne brassicae yogun
olarak goriilmiistiir. Diger tiirlerin aylara gore bulunuslar1 2017 ve 2018 yillar1 olmak iizere grafik {izerinde
sunulmustur (Sekil 7, Sekil 8).
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Sekil 7. Tekirdag ili Corlu ilgesinde 2017 aylara gore tespit edilen bocek tiirleri
Figure 7. Insect species detected in Corlu district of Tekirdag province according to 2017 montly
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Sekil 8. Tekirdag ili Corlu ilcesinde 2018 aylara gore tespit edilen bocek tiirleri

Figure 8. Insect species detected in Corlu district of Tekirdag province according to 2018 montly

Nisan ayinin ortalarinda bdcek tiirlerinde artig goriilmeye baglamis hasat yapilan temmuz ayma dek
zararli bocek tiirleri goriilmeye devam etmistir. Haziran ay1 genel olarak bocek yogunlugunun fazla oldugu ay
olmustur.

Tartisma ve Sonug¢

Yapilan arastirmada 2017 yilinda 21 tiir, 2018 yilinda ise 17 tiir tespit edilmistir. Her iki yilda da
bulunug orani en fazla olan tiir Psylliodes chrysocephala olarak kaydedilmistir. Bununla birlikte Plutella
xylostella, Ceutorhynchus picitarsis, Dolycoris baccarum ve Brevicoryne brassicae en yaygin tiirler arasinda
oldugu sonucu elde edilmistir.
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Bu ¢aligmada ilk y1l tiir sayisi ikinci yila gore fazla tespit edilmis, ikinci yil tiir sayis1 olarak azalma
gozlenmistir. Ancak 2018 yilinda tespit edilen bocek sayis1 2017 ye gore fazladir. Bunun sebebi ise 2018
yilinda ortalama sicaklik degerlerinin 2017 ye gore yiiksek olmas1 ve popiilasyon sayisinda buna bagli olarak
artisa sebep oldugu diistiniilmiistiir.

Aylara gore verileri ele aldigimizda her iki yilda da nisan aymda Plutella xylostella, haziran ayinda
Brevicoryne brassicae yogunluk gosterirken, mayis ayinda yogun olarak bulunan tiirtin 2017 yilinda Dolycoris
baccarum 2018 yilinda ise Psylliodes chrysocephala oldugu tespit edilmistir. Zeren ve Diizgiines (1984), B.
brassicae’nin Cukurova bolgesinde Cruciferae familyasina bagli sebzelerde yaygin olarak gériildiigii ve 6nemli
iiriin kayiplarina neden oldugu bildirilmistir. Mustafa ve Masha (1994), Urdiin’de lahana yetistirilen alanlarda
yaptiklar1 bir ¢alisgmada B. brassicae’ye ait populasyonun, ekim-kasim ve nisan-mayis aylarinda artis
gosterdigini bildirmislerdir. Ozder ve Kilinger (1999), Tekirdag’da lahana iiretim alanlarinda zararli ve dogal
diigmanlarin saptanmasi1 amactyla yaptiklari ¢caligmada zararli Lepidoptera tiirleri olarak Plutella xylostella,
Mamestria brassicae ve Pieris rapae’yi, en yaygin tiir olarak ise P. brassicae’yi belirlemislerdir. Uzun (1987),
Izmir ilinde yaptig1 galigmada, lahana ve karnabaharda en yaygin ve zararl olan tiiriin Pieris brassicae
oldugunu belirtmistir. Aver ve Ozbek (1990), Erzurum’da yaptiklar1 ¢alismada; Pieris brassicae ve Plutella
xylostella i¢inde bulundugu lahanada alt1 Lepidoptera tiiriiniin zararli oldugunu belirlemiglerdir. Atak ve Atak
(1984), Marmara Bolgesi’ndeki lahana ve karnabaharlarda zararlilara karsi tiim savas olanaklari iizerinde
yaptiklar1 c¢aligmada, Pieris brassicae’nin biyo-6kolojisi ve mikrobiyal ilaglarla savasim yoOntemlerini
arastirmiglardir ve P. brassicae’nin bolgede hakim tiir oldugunu belirtmislerdir. Talekar ve Shelton (1993), P.
xylostella, 1950'li yillarin ortalarina kadar onemli bir zararli degilken, bu yillardan itibaren sentetik
insektisitlerin yogun olarak kullanilmasi sonucu en Onemli krusifer zararlisi durumuna geldigini
belirtmektedirler. Ayni arastiricilar, buna neden olarak dogal diismanlarin ilaglardan etkilenmesini ve bocegin
ilaglara diren¢ kazanmasini1 gostermektedirler. Uygun ve ark. (1998), Psylliodes chrysocephala’nin kis1 ergin
ve larva doneminde bitki i¢erisinde actig1 galerilerde gegirdigini, kislayan erginin ilkbaharda daha ¢ok yumurta
biraktigini, zarari bitki igerisinde beslenen larvanin olusturdugunu ve lahanagillerin gévdesinde ve yaprak
saplarinda delikler goriilerek bazen bu deliklerin biiyliyerek daha ¢ok zarar verdigini belirtmistir. Yine ayni
sekilde Ceutorhynchus picitarsis ile ilgili olarak Nisan ayindan itibaren gériinmeye bagladigini ve ergin ile
larvanin zarali oldugunu, larvalarin konukgu bitkilerin kdklerinde urlar olusturdugu ve cruciferae familyasinda
zararlt olup, Marmara Boélgesinde bulundugunu belirtmislerdir.

Bulunan bocek sayilarina bakildiginda kanola bitkisinde yogun olarak giibre kullanimi ve kimyasal
miicadele islemi yapilmaktadir. Cigeklenme doneminde kalicilig1 yiiksek insektisit kullanimi arilar ve dogal
diismanlar tizerinde daha fazla etkili oldugundan kontrollii ilaglama yapilmali ve bu dénemlerde zorunlu
olmadikga 6zellikle insektisit kullanilmamalidir. Burada insektisit uygulamasi iireticiler agisindan ekonomik
ve kesin ¢ozlim olarak goriilse de zamanla dogal diismanlar ile ¢evreye verdigi zarar ve boceklerin insektisitlere
kars1 direng kazanmasina sebep olabilmektedir. Dolayisiyla bu husus zararli bocek yogunlugunun artmasina
neden olabilirken ileriki donemlerde zararlilar ile miicadeleyi zorlastirabilecektir.

Sonug olarak yapilan arastirmada elde edilen veriler Psylliodes chrysocephala’nin Tekirdag bolgesi
Corlu ilgesinde en yaygin tiir oldugu kaydedilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Yield and Quality of Different Snap Bean Varieties Under Deficit
Irrigation

Farkli Yesil Fasulye Cesitlerinin Kisitli Sulama Altinda Verim ve Kalitesinin Belirlenmesi
Sinan SUHERI'", Noor Mugdad HUSSEIN HUSSEIN?, Ertan Sait KURTARS,
Nurcan YAVUZ4, Yesim DAL®

Abstract

In the Konya region, snap bean requires frequent irrigation due to high evaporation and low precipitation during
the growing season. However the drought in recent years at Turkey, especially in Konya plain has been one of the
most important abiotic stress factor affecting the snap bean production. Several ways to reduce yield losses are
deficit irrigation practices, to improve and disseminate the varieties that are tolerant to water stress.

In this research, the response of two green bean varieties one of which was improved by Prof. Dr. Onder Tiirkmen,
Horticulture Department of Agriculture Faculty of Selcuk University (S3) and a commercial variety existing in
Turkey market (Nazende) to different irrigation water levels under drip irrigation has been investigated. The
irrigation treatments included five irrigation water level according the amount of water evaporated from Class-A
Pan within 7 days period and based on 5 different crop pan coefficients (kcpl= 1.25; kcp2= 1.00, kcp3= 0.75,
kcpd=0.50 ve kep5=0.00) .

According to the results, it was found that there were significant differences in yield, pod length, pod width, pod
thickness and seed per pod among irrigation levels. No significant differences were observed in yield, pod
thickness among varieties. The seasonal water use of the snap bean were ranged from 177 mm to 635 mm for
Nazende, 181 mm to 655 for S3. The highest yield was obtained in kcp2 treatment with 3762 kg ha-1 for S3 and
kcpl treatment with 3525.0 kg ha* for Nazende. It was not observed significant differences in yield between kcp1,
kep2, kep3 treatment for both genotypes. Linear relations were found between yield and seasonal water use. The
yield response factors (ky) were found 1.24 for both varieties. No differences were observed for pod colour values
(L, a, b) among irrigation levels.

Keywords: Fresh bean, Irrigation, Color, Semi-arit, Cultivar

Oz
Taze fasulye yetistirme sezonu boyunca Konya bolgesinde yiiksek buharlagma degerlerinden dolayi sik sulamaya
ihtiya¢ duyulmaktadir. Tiirkiye’de 6zellikle Konya bolgesindeki kuraklik taze fasulye iiretimini etkileyen en

onemli abiyotik stres faktorii olmustur. Kisithh sulama ve kurakliga toleransh cesitlerin yetistirilmesi verim
kayiplarin1 6nlemenin yollarindan biridir.
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Bu calismada Selguk Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii 6gretim iiyesi Prof. Dr. Onder Tiirkmen
tarafindan gelistirilen bir taze fasulye genotipi (S3) ile Tiirkiye’de taze fasulye tohum pazarinda bulunan Nazende
¢esidinin farkli sulama seviyelerine olan tepkileri arastirilmistir. Sulama suyu seviyeleri A-Sinifi Buharlagsma
kabindan 7 giinliik araliklara olan y1gisimli buharlagmanin oranlar seklinde (kep1=1.25; kep2=1.00, kep3=0.75,
kep4= 0.50 ve kep5= 0.00) olusturulmustur.

Arastirma sonuglarina gore, sulama seviyeleri arasinda taze fasulye verimi, bakla uzunlugu, bakla eti kalinlig1 ve
bakladaki tohum sayist yoniinden istatistiki olarak dnemli farklar bulunmustur. Taze fasulye verimi ve bakla
kalinlig1 yoniinden ise cesitler arasinda bir fark gézlenmemistir. Taze fasulyenin mevsimlik su tiikketimi deneme
konularina goére Nazende ¢esidi icin 177 mm ile 635 mm arasinda, S3 genotipi i¢in ise 181 mm ile 655 mm arasinda
degismistir. En yiiksek verim S3 genotipi i¢in kep2 konusundan 3762 kg ha?, Nazende cesidi igin ise 3525 kg ha-
1 ile kep1 konusundan elde edilmistir. Sezonluk bitki su tiiketimi ve verim arasinda dogrusal iliskiler bulunmustur.
Verim tepki etmeni Nazende ve S3 igin 1.24 olarak hesaplanmistir. Bakla renk degerleri (L, a, b) agisindan sulama
seviyeleri arasinda dnemli bir fark bulunmamistir.

Anahtar Kelimeler: Taze Fasulye, Sulama, Renk, Yar1 Kurak, Cesit
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The beans are the important nutrition sources for human and consumed as fresh, dry or canned. It is rich in
protein, phosphorus, iron and vitamin B. Due to its high nutritional and economic value; it is regarded as one of
the world’s most important vegetable for human consumptions. 65.2% of human protein needs in the worlds are
provided from plant sources (Grigg, 1995). The grains and pulses provide 43% and 23% of protein needs of human
in the world. The researchers have reported that beans are an important protein source for developing countries
(Weissenbacher, 2009).

According to TUIK (Turkish Statistical Institute) dry bean production is about 240 thousand tones from about
100 thousand hectares while snap bean production is about 640 thousand tones from 60 thousand hectares. Turkey
ranks the third after China and Indonesia in snap bean production. Therefore, snap bean production is important
for the country.

Although; Turkey has an important place in snap bean production, the research related with bean breeding is
inadequate compared to the other countries in the world.

The bean varieties cultivated in Turkey are selected or improved according to their performance under irrigated
conditions considering their characteristics such as yield and diseases resistance regardless of their water
consumptions. Snap beans in Turkey, especially in the Konya region, require frequent irrigation due to high
evaporation and low precipitation during the growing season. However the drought in recent years at Turkey,
especially in Konya plain has been one of the most important abiotic stress factor affecting the shap bean
production. The several ways to reduce yield losses under drought condition and to increase water use efficiency
are deficit irrigation practices, to improve and disseminate the varieties that are tolerant to water stress.

Water management is crucial for both dry and snhap bean production in the regions especially where water
resources are limited. Several researchers who have attempted to investigate the effect of irrigation regimes on dry
and snap bean yield in Konya, reported that the highest yield obtained when 0.58 — 1.38 m? of water were applied
for per kg dry bean seed. (Bahgeci, 1995; Ozbahge, 2008; Topak et al.,, 2011a; Yurteri & Topak, 2017) and the
highest yield obtained when 0.15— 0.16 m® of water were applied for per kg snap bean yield (Husein, 2018; Topak
& Albayati, 2018).

The amounts of water applied to get highest yield for per kg of several crops are 0.12 m?® for potato (Yavuz et
al., 2016a), 1.26 m® for sunflower (Yavuz etal., 2016b), 0.07 —0.12 m® for sugar beet (Siiheri, 2007; Tari, 2016a;
Topak et al., 2011b), 0.66 for wheat (Tari, 2016b), 0.37 for maize (Karasahin & Sade, 2011) in Konya and 12.10
m? for pepper in Canakkale (Demirel et al., 2012) 6.86 m? for eggplant in Tekirdag (Yenigiin & Erdem, 2019).
When the amounts of water applied to get highest yield for per kg of the vegetable crops considered, snap beans
needs considerably higher water in Konya region.

In this research, the response of the two green bean genotypes to different irrigation water levels under drip
irrigation was investigated and compared according to their water consumption, yield and some yield components.

Materials and Methods

The field experiment was conducted in Selcuk University Agricultural Faculty Research and Practice Farm located
in Konya, Turkey, latitude 36° 06" and longitude 32°36" mean altitude 1007 m above sea level, during the growing
season of 2017 between the months April and September. The satellite image of the research area has shown on Figure
1.

Google Earth

Figure 1. Research Area

Konya where the research was conducted has arid climatic conditions with hot and dry summers. According to
long term meteorological data (1929 — 2017), annual mean temperature, annual mean evaporation, annual mean
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precipitation are 11.6 °C, 1324 mm and 322.4 mm respectively. Most of the precipitation is received on May and
December. Minimum temperature is -28.2 °C recorded on 1942 and maximum temperature is 40.6 recorded on 2000.
The meteorological data of experimental area during 2017 and long-term averages (1958 — 2017) were given Table 1.

Table 1. Meteorological Data of Experimental Area During 2017 and Long —Term Averages (1958 — 2017)

e Mean Wind R'Z::litiir\]/e Precipitation
Months Years Temperature Speed Humidit p
C) (m ) umidity (mm)
(%)
May 2017 14.7 2.9 62.5 36.2
56 years 15.7 2.2 55.9 44.3
June 2017 19.6 3.0 61.2 43.8
56 years 20.1 2.5 48.4 23.9
July 2017 24.4 3.6 39.2 0.0
56 years 234 2.8 42.1 6.5
Agust 2017 23.5 3.8 51.2 13.9
56 years 22.8 2.6 42.9 54
September 2017 21.8 3.1 37.7 3.9
56 years 18.4 2.1 48.0 12.9

The soil of the study area has silty-clay texture. The bulk density of soil was changed 1.37g cm®to 1.26 g cm® in
depth of 120 cm soil profile. The available water holding capacity of the soil was 125.1 mm in 75 cm soil profile
which is the effective root depth of the snap bean. Several physical and chemical properties of the soil were given in
Table 2. According to soil analysis, the plots were fertilized with a compound fertilizer DAP (18%N, 46%P) at the
rate of 0.2 ton ha before planting and ammonium nitrate (33%N) at the rate of 0.05 ton ha™* on 5 July. The seeds were
planted on 11 May 2017. The pods were harvested on the dates 21 July, 3, 14, 22, 28 Agust and 5, 11 Semptember
2017.

Table 2. Some Physical Properties of the Soil in The Research Area

_ Organic _ Bulk Fielq Spil Available
Soil Depth H Matter Soil Density Capacity Moisture Water
(cm) P (%) Texture (g cmd) (FO) (WP) (AW)

g mm? mm m’m2 mm m®m? mm

0-30 7.78 1.65 Silty Clay 1.37 0.403 1209 0.242 726 0.160 48.3
30-60 7.83 1.56 Silty Clay 1.28 0.420 126.0 0.249 747 0.156 51.3
60-90 8.02 0.90 Silty Clay 1.26 0.428 128.4 0.258 77.4 0.180 51.0

Total (0-75cm) 311.1 186.0 125.1

The experiment was design in a randomized block factorial design consisting of combination of two green bean
genotypes (one of which was improved by Prof. Dr. Onder Turkmen, Horticultural Department of Selcuk University
Agricultural Faculty, S3 and the other one is a commercial variety existing in Turkey market, Nazende) and five
irrigation level according the amount of water evaporated from Class A Pan within 7 days period and based on 5
different pan coefficient (kcpl= 1.25, kcp2=1.00, kep3=0.75, kepd=0.50 and kep5=0).

Irrigation water was supplied from the deep well near the experimental area. The pH and electrical conductivity of
the irrigation water were 7.6 and 1.250 ds m™ respectively.

The seeds were planted manually. Row spacing was 45 cm and plant spacing was 15 cm. Plot size was 9 m? (5 m
x 1.80 m) including 4 plant rows. To prevent each plot from other plots irrigation treatments, 2.00 m space between
plots and 3 m space between blocks were left.

The plots were irrigated with drip irrigation. Drip lines 16 mm in diameter were placed to each plant rows. Dripping
points were 33 cm apart with a flow rate 4 | h'* at two bars pressure. The applied water to each plot was measured with
flow meter. The effective root depth of snap bean was taken as 75 cm (Doorenbos and Pruit, 1977). The pods were
harvested 7 times when the pods were matured. At the end of growing season, weights of harvested pods were summed
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and the yield for per plant was calculated. The calculated yield for per plant was converted to 1000 square meter.
Central two rows were harvested and outer rows were omitted to consider the side effects.

10 pods were collected from each plot on 3 August. Physical properties such as pod length, width, seed number per
pod and pod thickness were measured on these pods. Color analyses were performed on 5 of which 10 pod samples.
Skin colours of pods were measured by a CR-400 colorimeter (Konica Minolta, Ramsey, NJ) and measurements
recorded as L (Lightness), a (red index) and b (yellow index) values.

The amounts of water applied in the irrigation treatments were determined using Class A pan evaporation according
to Equation (1) below (Kanber, 1984; Ertek, 2011).

I =EpXKcpxA (Eq.1).

where, Ep is the cumulative pan evaporation measured during an irrigation period of 7 days using a standard Class
A Pan (mm) Kcp is the coefficient of crop pan evaporation and A is the plot area (m?). The crop water use (ET) was
estimated based on a water balance equation as ET=1+R-Dp + AS where, ET is the evapotranspiration value (mm), I is
the amount of irrigation water (mm), Dp is deep percolation (mm) and AS is the change in soil water stored in the plant
rooting zone at growing season. Before and after every irrigation, soil water content was determined by gravimetric
method on 0-30, 30-60, 60-90 ve 90-120 cm soil depths.

Water use efficiency (WUE) and irrigation water use efficiency (IWUE) was calculated as snap bean yield divided
by seasonal ET and total seasonal irrigation water applied, respectively. The relationship between water use and yield
was calculated according to Stewart model by using formula given below.

Ya ETa
1-—|=ky-|1-——
[ Ym} ky[ ETm} @)

Where Yais actual yield (t ha®), Ym is the maximum yield (t ha?), ETa is the actual crop water consumption (mm),
ETm is the maximum crop water consumption (mm) and Ky is yield response factor.

The data collected from the treatments were evaluated by analysis of variance. The mean values were compared
using Duncan’s multiple range test at P<5% to determine the differences among treatments.

3. Results and Discussion

The applied irrigation water to treatments was calculated considering cumulative evaporation from Class a Pan
and plant-pan coefficient within 7 days period. First irrigation and last irrigation were applied on 3 July and 9
September respectively. In total, seven irrigation treatments were performed during experimental period. Total
irrigation and seasonal evapotranspiration values were indicated on Table 3. 30 mm of irrigation water was applied
to all treatment for good plant establishment. The total irrigation applied to the treatments were ranged between
30 mm and 720 mm. Maximum deep percolation was occurred as 146 mm on Kcpl treatment and no deep
percolation was observed on Kcp3, Kcp4, Kcpb treatments.
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Table 3. Net and Total Irrigation and Seasonal Evapotranspiration of Varieties

Total . Deep
L Effective . Seasonal
Irrigation . AS Percolatio .
Genotypes Treatments Rain Evapotranspiratio
Water (mm) n
S (mm) n (mm)
(mm) (mm)
Kcp: 720 87 -20 152 635
Kcp2 581 87 12 88 592
Nazende ch3 444 87 42 0 573
Kcps 308 87 50 0 445
Kcps 30 87 60 0 177
Kcp: 720 87 -12 140 655
Kcp2 581 87 18 74 612
S3 Kcps 444 87 32 0 563
Kcps 308 87 60 0 455
Keps 30 87 64 0 181

AS:Soil moisture change between planting and harvesting (0-75 cm)

Net and total irrigation and seasonal evapotranspiration of varieties were given in Table 3. The highest ET for S3
and Nazende variety were measured as 655 mm and 635 mm on Kcpl treatment respectively.. The evapotranspiration
was increased with increasing of kcp coefficient. Several researcher who conducted their experiment under field
condition have calculated highest evapotranspiration of snap bean as 299 mm in Bangalore (Hegde & Srinivas, 1990),
338mm in Tarsus (Sezen et al, 2005), 458 mm in Kahramanmaras (Kazli, 2005), 470 mm in Kahramanmaras
(Gengoglan et al., 2006), 400 mm in Tarsus (Sezen et al, 2008), 804 mm in Canakkale (Camoglu & Geng, 2013),
342mm in Ismailia (Marzouk et al., 2016), 840 mm in Ankara (Koksal et al., 2015), 489 mm in Konya (Albayati, 2018).
In this study, highest ET was obtained as 677 mm. ET depends upon weather parameters, crop characteristics,
environmental aspects and management factors (Allen et al., 1998). The differences in regions, plant varieties etc.
included in previous studies have led to difference between ET calculated in this study and ET reported in previous
studies. Albayati (2018) conducted irrigation experiment with Nazende variety under similar weather conditions with
this study during 2017 growing seasons. The highest ET (677 mm) of the Nazende variety in this study was higher
than ET (489 mm) calculated in the study conducted by Albayati (2018). However, higher yield was obtained against
the higher ET in this study.

The snap bean yields were given in Table 4. There was no significant difference between two snap bean varieties
in terms of yield. But significant relation between irrigation treatments and yield were found. For both varieties, the
irrigation treatments of which pan coefficients are 1.25, 1.00 and 0.75 were included in same statistical group. The
irrigation water applied to kcp3 treatment was 38% lower than kcpl treatment. . It was concluded that the reduction in
irrigation water amount can be expected in Konya. For Nazende snap bean variety, maximum mean yield 35.250 kg
ha't was obtained from the treatment kcpl in which highest irrigation water applied. But for S3 variety the maximum
mean yield 37622 kg ha' was obtained from the treatment kcp2 where pan coefficient is 1.00. Similar trend was
declared by Hegde & Srinivas (1990), Saleh et al. (2018), Bonano & Mack (1983) and Koksal et al. (2010). It was
concluded that maximum irrigation water doesn’t mean the maximum yields for several varieties.

Table 4. Snap Bean Yields

Yield (kg hal)

Treatments Nazende s3 Mean**
Kcep: 35250 35807  35528a
Kcep: 34757 37620 36188a
Kceps 34800 31533 33167a
Kcpa 21247 24480 22863b
Kcps 3273 3250 3262¢c
Mean 25865.4a 26538.0a

**p<0.01
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Minimum yields were obtained as 3273 kg ha™ and 3250 kg ha* from the non irrigated treatment for both varieties.
There were no differences in yield among varieties in this study. This results agree with Bonano and Mack (1983) who
reported that there was no difference in yield between two varieties included in their study under adequate irrigation
and disagree with and EIl-Noemani et al. (2010), Marzouk et al. (2016) and Saleh et al. (2018) who have reported
significant difference in yield among varieties included in their study under different irrigation treatments. Seymen et
al. (2010) reported that the differences in snap bean yield might be referred to genetic diversity of the varieties. S3 is
newly improved variety and doesn’t exist in Turkish market yet. The fact that there is no difference in yield Nazende
and S3 proves that S3 has a market potential in Turkey.

Significant polynomial relationships were found between total irrigation water applied and snap bean yield and
linear relationships were found between ET and snhap bean yield for both varieties as shown in Figure 2.
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Figure 2. Relationships Between Irrigation Water, ET and Yield.

Linear relationship between ET and snap bean yield were indicated by several researches as Gengoglan et al. (2006),
Koksal et al. (2008), Sezen et al. (2008) and Saleh et al. (2018). Polynomial relationships between irrigation level
and snap bean yield were also indicated by Bozkurt & Mansuroglu (2018).

Yield response factor (Ky) explains the complex relationship between production and water used by crop, where
many chemical, physical and biological processes are included. The ky values are crop exclusive and vary over the
growing season. (Steduto et al. 2012). The relative yield reduction and relative evaportranspiration values were given
in Table 5 and Table 6 for Nazende and S3 respectively.

Table 5. The Relative Yield Reduction and Relative Evapotranspirasyon Values for Nazende

Treatment ETm(mm) ET (mm) 1-ETa/ETm Ym(kg ha?) Ya(kg/ha') 1-Ya/Ym

Kcep: 635 0.00 35250 0.00
Kcep: 592 0.07 34757 0.01
Kceps 573 0.10 34800 0.01
Kcps 445 0.30 21247  0.40
Kcps 177 0.72 3273  0.91
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Table 6. The Relative Yield Reduction and Relative Evapotranspirasyon Values for S3

Treatments ETm(mm) ET (mm) 1-ETa/ETm Ym(kg hal) Ya(kg ha') 1-Ya/Ym

Kepy 655 000 38344* 35807 0.00
Kcpz 612 007 37620 0.02
Keps 563 o4 31533 0.18
Kcps 455 031 24480 0.36
Keps 181 072 3250 0.92

*The corrected maximum yield value calculated by using equation Ym: 7.2967ET-944.93 according to methodolgy given by Koksal et
al. (2001).

The relationship between relative yield reduction and relative evapotranspiration deficit for snap bean were given
in Figure 3.
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Figure 3. Yield Response Factors (ky) for Varieties.

The higher ky values than 1 means that crop is affected negatively water deficit and water reductions because of
stress results higher yield reductions (Steduto et al., 2012) ky values calculated for both variety were similar and
higher than 1. So it was concluded that both variety response to water stress negatively and very sensitive to water
deficit. Gengoglan et al. (2006), Sezen et al. (2005) and Doorenbos & Kassam (1979) reported ky values higher than
1.

Increasing water to 720 mm from 444 mm didn’t affect the yield statistically for both varieties. Water use efficiency
(WUE) and irrigation water use efficiency (IWUE) are summarized for both varieties in Table 7. When irrigated
treatments considered, the highest WUE and IWUE values were obtained as 6.07 and 7.84 kg m for Nazende variety
in Kcp3 treatment. For S3 variety highest WUE value was obtained in Kcp2 treatment as 6.15 and highest IWUE value
was obtained as 7.95 in Kcp4 treatment for S3 respectively. When IWUE values of the treatments where the highest
yield obtained for Nazende (kcp1) and S3 (Kcp2) compared, It was found that Nazende’s values (4.90 and 5.98 kg m
%) were lower than S3’s values (4.97 and 6.48 kg m™) that means S3 produces more yield than Nazende for per m? of
irrigation water amount. The present results are similar with the results of several studies as EI-Noemani et al. (2010),
Saleh et al. (2018) who stated pod yield differed among varieties.
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Table 7. Water Use Efficiency (WUE) and Irrigation Water Use Efficiency (IWUE) Data of Irrigation Treatments and Varieties

(kg m®)

Treatments 2 G

Nazende S3 Nazende S3
Kcpa 5.55 5.47 4.90 4.97
Kcp: 5.87 6.15 5.98 6.48
Kcps 6.07 5.60 7.84 7.10
Kcpa 4,77 5.38 6.90 7.95
Reinfed 1.85 1.80 10.91 10.83

The yield parameters of snap bean varieties obtained the study are given in Table 8. For both varieties, it was found
that significant differences between irrigation treatments in terms of pod length, pod width, pod thickness and seed per
pod. The physical properties of snap bean varieties are affected positively by increasing in irrigation water amount.

Table 8. Physical Properties of Snap Bean and Significance Groups

Plant-Pan Pod Length (cm) Pod Width (mm) Pod Thickness (mm) Seed Per Pod
Coefficient Nazende** S3** Mean** Nazende** S3** Mean** Nazende S3 Mean** Nazende* S3* Mean
1.25 12.6 15.1 13.9a 14.4 11.9 13.1a 6.6 7.1 6.9c 5.6 38 47a
1.00 11.9 147 13.3a 13.8 128 13.3a 8.0 85 8.3a 4.8 41 44a
0.75 11.0 12.3 11.6¢ 14.4 11.3 12.9a 1.7 7.2 7.4ab 3.9 2.7 3.3b
0.50 11.4 146  13.0ab 14.2 120 13.1a 7.5 7.7 7.6ab 4.6 41 44a
0.00 11.3 125 11.9bc 125 10.0 11.3b 6.7 6.6 6.6 4.6 3.2 3.9b
Mean 11.6a 13.8b 13.8a 11.6b 7.3 7.4 4.7a 3.6b

**p<0.01, *p<0.05,

Quality parameters measured in this study showed that significant differences between varieties in terms of pod
length, pod width and seed per pod but not for pod thickness. It was found that the pods of the Nazende variety is
longer in length, wider in width and have more seed per pod than S3 variety.

Statistical analyses of snap bean pod color parameters (L, a, b) indicated that irrigation water level has no effect on
L, a and b value which is in agreement with Sezen et al. (2008) for a and b values but not for L values (Table 9).
Ferreira et al. (1993) have stated that color b values were affected by the irrigation.

Table 9. Pod Color Values and Significance Groups

Nazende S3 Mean Nazende** S3** Mean Nazende** S3** Mean
1.25 56.9 58.6 57.7 -16.6 -14.8 -15.7 304 278 291
1.00 53.9 57.8 55.8 -16.1 -14.5 -15.3 31.2 285 299
0.75 59.1 59.3 59.2 -17.0 -14.9 -16.0 31.6 276  29.6
0.50 61.1 62.3 61.7 -17.4 -14.6 -16.0 324 28.3 304
0.00 56.3 53.4 54.9 -16.8 -13.7 -15.3 30.8 273 29.1
Mean 57.46 58.28 -16.8a -14.5b 31.3a 27.9b

**p<0.01, *p<0.05

“a” values ranged between 16.1 and 17.4 for Nazende and 13.7 to 14.9 for S3 variety. Nazende has lower “a”
values than S3. “b” values ranged between 30.8 and 32.4 for Nazende and 29.1 and 30.4 for S3. According to color
values S3 were greener and yellower than Nazende. Martinez et al. (1995) have stated that different color values
obtained between the varieties included in their studies.
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Conclusions

In this research, the response of two green bean varieties to different irrigation water levels under drip irrigation
has been investigated. It was determined that snap bean seasonal evapotranspiration was ranged between 177 mm and
655 mm. It wasn’t found significant difference between two snap bean varieties in terms of yield. So it can be concluded
that S3 has a high marketability potential in Turkey market.

It was observed that there was significant relation between irrigation treatments and yield. For both varieties the
irrigation treatments of which pan coefficients were 1.25, 1.00 and 0.75 are included in same statistical group. The
irrigation water applied to the treatment where plant pan coefficient is 1.25 was 38% higher than the treatment where
plant pan coefficient is 0.75. For Nazende snap bean variety, maximum yield was obtained from the treatment in which
highest irrigation water applied. But for S3 variety the maximum yield was obtained from the treatment where pan
coefficient is 1.00. It was concluded that maximum irrigation water doesn’t mean the maximum yields for several
varieties.

When the yields and irrigation water involved in same Duncan’s grup interms of yield considered together, it can
be seen that 62% and 31% more water were applied to kcpl and kep2 treatments than kcp3 treatments respectively.
However the yield increase in kcpl and kep2 treatment is not more than 1.5% and 19% for Nazende and S3 respectively
when compared the yields of kcp3 treatment. So that kcp3 irrigation treatment which produce highest IWUE values
(7.84 and 7.10 kg m®) between treatments involved in same Duncan’s group interms of yield can be recommended for
both varieties in Konya region.

When IWUE values of the treatments where the highest yield obtained for Nazende (kcpl) and S3 (Kcp2)
compared, it was observed that S3 produced more yield than Nazende for per m3 of irrigation water amount. The ky
values of the varieties was found around 1.24 that means both variety were affected by water stress negatively with
same way.

In addition, when the pod color values were considered, it was concluded that the irrigation water amount has no
effect on pod color values. When the changes in snap bean pod color observed during production, it is suggested to
investigate other factors except water stress for the reasons of change in pod color.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination and antifungal activities of laurel and fennel essential oils against fungal
disease agents of cypress seedlings

Servi fidanlarinda sorun olan fungal hastalik etmenlerine kars1 defne ve rezene ugucu yaglarinin
antifungal etkinliklerinin belirlenmesi

Merve KARA!, Soner SOYLUY", Musa TURKMEN?, D. Alpaslan KAYA?

Abstract

Fusarium oxysporum and Pestalotiopsis funerea are the most common fungal disease agents of conifer seedlings
causing root rot and shoot or tip blight diseases. In this study, chemical compositions and antifungal activities of
essential oils of fennel (Foeniculum vulgare Mill.) and laurel (Laurus nobilis L.) were determined against root rot
and wilt disease agents F. oxysporum and P. funerea in vitro conditions. Chemical compositions of essential oils
were determined by using GC-MS analysis. Antifungal volatile phase effects of essential oils were determined on
inhibition of mycelial growth in vitro conditions by using different concentrations. The effect of most effective
concentrations of essential oils on the morphology of fungal hypha was also determined by using light microscope.
GC-MS analysis of essential oils of laurel and fennel plants revealed that eucalyptol (52.88%) and a-terpinyl
acetate (11.77%) were major components of laurel; trans-anethole (81.55%) and limonene (5.88%) were major
components of fennel essential oils. Volatile phase effects of fennel and laurel essential oils were found to
completely inhibit mycelial growth of F. oxysporum at 30.0 and 50.0 ul petri concentrations, respectively.
Complete growth inhibition of P. funerea by essential oil of fennel and laurel were observed at relatively lower
concentrations (20.0 and 25.0 pl petri’ concentrations, respectively). Light microscopic observations on hyphae,
exposed to volatile phase of the most efficient concentrations of essential oil, revealed considerable structural
deformations such as cytoplasmic coagulation, vacuolations and protoplast leakage. In conclusion, our results
suggest that essential oils have the potential for use in control of fungal diseases of conifer plants.

Keywords: Fennel, laurel, essential oil, antifungal, Fusarium, Pestalotiopsis

Oz
Fusarium oxysporum ve Pestalotiopsis funerea, kozalakli bitki tiirlerinde kok ¢iiriikliigii, siirgiin ya da ug yanikligi
olarak bilinen hastaliklara sebep olan en yaygin fungal hastalik etmenleridir. Bu ¢aligmada, rezene (Foeniculum

vulgare Mill.) ve defne (Laurus nobilis L.) bitkilerinden elde edilen ugucu yaglarin kimyasal bilesimleri ve F.
oxysporum ve P. funerea’ya kars1 antifungal etkileri in vitro kosullarda belirlenmistir. Ugucu yaglarin kimyasal

bilesimleri, GC-MS analizi kullanarak belirlenmistir. Ucucu yaglarin buhar fazinda misel gelisimini engellemesi
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tizerine antifungal etkileri in vitro kosullarda farkli konsantrasyonlar kullanarak belirlenmistir. Isik mikroskobu
kullanarak ugucu yaglarin en etkili konsantrasyonlarinin fungus hiflerinin morfolojisine etkileri de belirlenmistir.
Ucucu yaglarinin GC-MS analiz sonuglari, eucalyptol (%52.88) ve a-terpinyl acetate (%11.77)’1n defnenin, trans-
anethole (%81.55) ve limonene (%5.88)’nin ise rezene ucucu yaginin ana bilesenleri oldugunu gostermistir.
Rezene ve defne ugucu yaglarmin buhar fazinda F. oxysporum’un miselyal gelisimini tamamen engelleyen
konsantrasyonlar1 sirasiyla 30.0 ve 50.0 ul petri! olarak belirlenmistir. Rezene ve defne ugucu yaglarmin P.
funerea’nin gelisimini tamamen engelleyen konsantrasyonlarin nispeten daha diisiik oldugu gozlenmistir (sirastyla
20.0 ve 25.0 pl petri! konsantrasyonlarinda). Ugucu yaglarin buhar fazinda en etkili konsantrasyonuna maruz
kalan hifler iizerinde yapilan 151k mikroskobu gozlemleri, sitoplazmik pihtilagma, vakuollesme ve protoplazmik
igerigin hiicre disarisina akintisi seklinde ger¢eklesen dnemli yapisal deformasyonlart ortaya koymustur. Sonug
olarak elde edilen bulgularimiz, ugucu yaglarin kozalakl bitkilerde sorun olan fungal hastaliklarmin kontroliinde
kullanim potansiyeli bulundugunu ortaya koymustur.

Anahtar Kelimeler: Rezene, defne, ugucu yag, antifungal, Fusarium, Pestalotiopsis
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In recent years, the increase in environmental consciousness parallel to the arrangement of park-garden
arrangement with the importance given to the production of conifer trees are of great importance. Fungal diseases
caused by Fusarium spp. and Pestalotiopsis spp. are important factors reducing seedling production of several
conifer and cypress trees, particularly in forest nurseries. Fusarium oxysporum is the most common fungal disease
agent of conifer seedlings causing root rot and wilt diseases (Gordon et al., 2015). On the other hand, foliage blight
caused by Pestalotiopsis funerea has been also associated with root rot, shoot or tip blight, twig dieback and stem
cankers on many conifer host (Sinclair et al., 1993; Bajo et al., 2008). The complexity of these diseases and the
variety of pathogen races has led to the indiscriminate use of fungicides for their control in forest nurseries. Studies
looking for alternative options for controlling these diseases have focused on use of the plant extracts and essential
oils which possess antifungal activity.

Essential oils have been used in many fields scientifically and commercially for many years. Cosmetic,
pharmaceutical, food industry, aromatherapy and phytotherapy are the most important areas of their usage (Isman,
2000). The antimicrobial activities of some plants containing essential oil have been demonstrated in several
studies (Isman, 2000; Bakkali et al., 2008; Nazzaro et al., 2017). The antimicrobial activities of the essential oils
of plants are mainly due to phenolic and terpenoid components found in their structures (Pirbalouti et al., 2013).
Plants rich in these components are also used as an alternative to chemicals in the treatment of many plant, animal
and human diseases (Bakkali et al., 2008). Laurel (Laurus nobilis L.) is an evergreen plant in the form of trees or
large shrubs belonging to the Lauraceae family (Chahal et al., 2017). In Turkey, this plant is widely grown naturally
along the Mediterranean, Black Sea and Aegean coasts. The fruits and leaves of laurel plant are utilized (Pinheiro
etal., 2017). In recent years, it has also become widespread as ornamental and hedge plants. Turkey is one of the
main producers and suppliers of laurel leaves (Demir et al., 2004). The essential oil obtained from wet and dried
leaves of laurel is widely used in food, perfumery, medicine and liquor industry. Fennel (Foeniculum vulgare Mill.)
is a plant belonging to the Umbelliferae family, mostly used as a spice or in folk medicine for stomach disorders,
gas expectorant and milk enhancing effects. Antibacterial, antifungal and insecticidal activities of essential oils
and extracts of medicinal plants, including fennel and laurel, were reported against several insect, plant pathogenic
fungal and bacterial disease agents (Sertkaya et al., 2010; Rather et al., 2016; Kaya et al., 2018; Aktepe et al., 2019;
Karabiiyilk and Aysan, 2019). Antifungal activities of essential oils of different plants against Fusarium spp. and
P. funerea has been reported (Ozcan et al., 2006; Cheng et al., 2011; Ho et al., 2012; Park et al., 2017; Soylu and
Incekara, 2017; Bayar et al., 2018). Although antifungal activities of laurel and fennel were investigated against
Fusarium oxysporum, there is no study reporting antifungal activities of these essential oils against Pestalotiopsis
funerea.

In this study, with the objective of finding alternative and environmentally friendly strategies to control fungal
diseases in conifer seedlings, chemical compositions and antifungal activities of essential oils obtained from seeds
of fennel (F. vulgare) and leaves of laurel (L. nobilis) were determined on mycelial growth of fungal disease agents
F. oxysporum and P. funerea in vitro conditions.

Material and Method
Extraction of plant essential oils

Air-dried leaves of laurel and seeds of fennel plants (200 g, each) were used to extract essential oils. These
materials were collected from the plants growing in Hatay Province of Turkey and identified by Prof.Dr. I. Uremis.
Essential oils used in this study were extracted by steam-distillation for 3 h with Clevenger’s apparatus, according
to European Pharmacopoeia method (Council of Europe, 1997). The oils were separated, dried over anhydrous
sodium sulphate and stored in an amber bottle at 4°C until used.

Characterization by GC-MS of essential oils
The components of the essential oils of the plants were determined by gas-chromatographic method.

Determination of essential oil components was carried out with Thermo Scientific ISQ Single Quadrupole model
gas chromatographic device under the following conditions. TR-FAME MS model, 5% Phenyl Polysilphenylene-
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siloxane, 0.25 mm inner diameter x 60 m length, 0.25 pm film thickness column was used. Helium (99.9%) was
used as the carrier gas at a flow rate of 1 mL / min. The ionization 22 energy was set at 70 eV, the mass range m/z
was 1.2-1200 amu. Scan Mode was used for data collection. The MS transfer line temperature was 250°C, the MS
ionization temperature was 220°C, the injection port temperature was 220°C, the column temperature was initially
50 ° C and the temperature was increased to 220°C with a rate of heat increase of 3°C/min. The structure of each
compound was identified using mass spectra with the Xcalibur program (Wiley 9).

Isolation of fungal disease agent

Fungal disease agents F. oxysporum and P. funerea were isolated from roots and stems of infected seedling of
Cupressus macrocarpa growing in forest nursery in Hatay province of Turkey. Fungal disease agents F.
oxysporum and P. funerea were tested for pathogenicity on 1-year-old and 4-year-old pot-grown Cupressus
macrocarpa saplings (Kurt et al., 2017), respectively and identified based on morphological characteristics
(Mordue, 1976; Leslie and Summerell, 2006) and MALDI-TOF analysis (Duman and Soylu, 2019). Fungal disease
agent F. oxysporum caused typical root rot and wilting and P. funerea was found to be highly virulent on 4-year-
old pot-grown Cupressus macrocarpa saplings five weeks after inoculations by causing bark necrosis or small
cankers (1.0 to 2.5 cm long) on inoculated stems.

Antifungal effect of essential oils on mycelial growth

The in vitro antifungal volatile phase effects of laurel and fennel essential oils against F. oxysporum and P.
funerea was determined towards mycelial growth of both fungal disease agents as decribed before (Soylu et al.,
2010). The single spore-culture of each fungal isolates were grown on Potato Dextrose Agar (PDA) medium at
25°C for 3-5 days. Sterile PDA was poured into sterile 90 mm glass Petri plates (20 ml/plate). Different
concentrations of essential oils were dropped on the inner surface of each petri lids. PDA disc (6 mm) from the
edge of a 5-days old test isolates were placed at the center of each plate. In order to prevent loss of essential oils
from the plates, inoculated petri plates were immediately sealed with parafilm and subsequently incubated at 25°C
in incubator. Inhibitory effect of each concentrations of essential oils were monitored and fungal colony diameter
were measured daily. PDA plate without essential oil was used as control. The mean growth values were obtained
and then converted in to the inhibition percentage of mycelial growth in relation to the control treatment by using
the formula, MGI (%)=((dc)dt)/dc)x100, where dc and dt represent mycelial growth diameter in control and treated
Petri plates, respectively. In addition, the effect of most effective concentrations of essential oils on the morphology
of fungal hypha was also determined by using light microscope as described before (Soylu et al., 2007).

Statistical analysis

In vitro antifungal experiments were performed twice with at least three replications of each oil concentration.
SPSS statistic program (version 17, USA) was performed for all calculations and statistical analysis. Analysis of
variance was used to assess treatment effects. The significant differences between concentrations were determined
by means of Duncan’s Multiple Range Test (P<0.05). The efficient concentration (ECso) values for each essential
oil were estimated by using Probit analysis.

Results and Discussion
Chemical compositions of essential oils

The average yields of essential oils obtained by steam distillation from fennel seeds and dried laurel leaves
were determined. Laurel leaves had considerably had higher yield in essential oil (3.4%) compare to that obtained
from fennel seed (2.15%). The percentage of fennel oil yield reported by Kan et al. (2006) was between 2.90-
3.20%. In our study. the rate of essential oil obtained from fennel seeds was determined between 1.70-2.60%. The
percentage of laurel leaf oil yield reported by Uyar (2014) at different harvest times ranged from 0.60% to 5.87%.
while this rate was determined to be between 1.80-5.00% in our study.
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The chemical components of essential oil from fennel seeds and laurel leaves were identified by GC and GC-
MS analysis. The chromatograms of the both essential oil components is given in Figure 1, list of compounds
determined are given in Table 1.

A total of 34 components were detected in fennel essential, representing 99.18% of the total essential oil.
Among the component, trans-Anethole (81.55%) was determined as the most abundant compound which was
followed by limonene (5.88%) and estragole (4.75%) respectively (Table 1). Following GC-MS analysis, a total
of 48 components, representing 99.86% of the total essential oil, were detected in laurel essential oil (Table 1).
Eucalyptol (52.88%) was determined as the major component which was followed by a-terpinyl acetate (11.77%),
sabinene (8.05%), a-pinene (5.32%), B-pinene (3.65%) and terpinen-4-ol (2.83%).
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Figure 1. The chromatograms of the essential oil of seeds of fennel (A) and leaves of laurel (B).
Table 1. Chemical compositions of essential oil of fennel seeds and laurel leaves.
RT Compound Name sl RSl Laurel _ Fennel
Area % Area %
3.88  a-Pinene 985 993 5.32 0.53
4.64  Camphene 956 980 0.22 -
550  pB-Pinene 751 906 3.65 0.16
5.81  Sabinene 939 979 8.05 0.20
6.91  B-Myrcene 948 964 0.67 -
7.33  o-Terpinene 932 963 0.35 -
759  1.8-Epoxy-p-menth-2-ene 816 896 0.29 -
7.89 Limonene 987 992 1.33 5.88
8.09  Eucalyptol (1,8-cineole) 927 978 52.88 0.30
8.16  pB-Phellandrene 769 922 - 0.05
9.06  cis-Ocimene 948 977 0.09 0.26
9.36  y-Terpinene 847 936 0.56 0.09
10.22  0-Cymene 957 968 1.99 0.26
10.58  o-Terpinolene 867 927 0.14 -
14.27  3-Hexen-1-ol 870 972 0.13 -
14.65  Fenchone 985 985 - 153
17.02  cis-limonene-1,2-epoxide 560 825 - 0.04
17.26  trans-Sabinene hydrate 922 968 0.28 -
18.30  Hexadecatrienoic acid, methyl ester 654 681 - 0.04
19.11  Camphor 653 872 - 0.04
20.45  cis-Sabinene hydrate 855 954 0.19 -
20.60 Linalool 962 979 0.79 -
21.03  Terpineol 691 880 0.12 -
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21.15  Pinocarvone 725 871 0.13 -
21.62  Endobornyl acetate 876 937 0.15 -
21.99 B-Elemene 947 963 0.58 -
22.12  trans-Caryophyllene 969 981 0.92 -
22.55  Terpinen-4-ol 543 722 2.83 0.05
22.72  Hexadecadienoic acid, methyl ester 473 562 - 0.04
2343  Myrtenal 820 926 0.20 -
23.55  Verbenol 816 886 0.28 0.04
2431  B-Fenchyl alcohol 840 888 0.55 -
24.46  trans-Pinocarveol 900 947 0.20 -
24.83  o-Humulene 772 833 0.09 -
25.16  L-a-Terpineol 857 934 0.42 0.07
25.23  Estragole 989 992 - 4.75
25.75  Heptadecen-8-ynoic acid, methyl ester 488 564 - 0.04
26.03  o-Terpinyl acetate 983 994 11.77 -
26.30  Germacrene -D 899 974 0.29 -
26.64  B-Chamigrene 800 852 0.15 -
26.85  a-Selinene 617 790 0.11 -
27.22  y-Elemene 851 905 0.38 -
27.38  Carvone 970 982 - 0.94
27.50  Limonene oxide 626 785 0.14 -
28.13  Pleiocarpamine 466 510 - 0.04
28.22  Germacrene A 925 972 0.56 -
28.84  o-Humulene 865 885 0.23 -
29.51  Myrtenol 811 914 0.13 -
29.74  Dotriacontane 495 561 0.08 0.03
29.91  Hexadecatrienoic acid, methyl ester 599 631 0.12 -
3091 trans-Anethole 990 995 0.77 81.55
31.10 trans-Carveol 679 863 - 0.04
31.62  Colchifoleine 466 509 - 0.03
35.72  Caryophyllene oxide 898 958 0.28 -
35.97  Butanoic acid, heptafluoro-, methyl ester 617 669 - 0.03
37.51  Benzaldehyde, 4-methoxy 983 987 0.71 1.76
40.40  Spathulenol 827 866 0.13 -
40.70  Lutein 335 450 - 0.03
41.49  2-Propen-1-ol, 3-phenyl-, acetate 577 685 0.08 -
4158  Anisyl acetone 800 934 - 0.08
41.99  Phenol, 2-methoxy-4-(2-propenyl) 895 920 0.32 -
43.20  Propanone, 1-(4-methoxyphenyl) 762 880 - 0.10
43.48  Ascaridole epoxide 488 687 - 0.06
4356  B-Eudesmol 665 882 0.13 -
47.46  Dillapiole 455 648 - 0.06
47.67  Astaxanthin 400 418 - 0.03
50.75  Heptanoic acid, docosy! ester 347 383 - 0.03
55.50  Octadecanoic acid, ethyl ester 469 500 0.08 -

RT: Retention Time; SI: Similarity Index; RSI: Reversed Search Index.

The essential oil of medicinal and aromatics plans has been reported to contain a wide variety of compounds,
such as phenolics, nitrogen compounds, vitamins, terpenoids, and some other endogenous metabolites, which
possess antimicrobial and antioxidant activities (Pirbalouti et al., 2013). A number of studies on the chemical
composition of the essential oils obtained from different parts of fennel and laurel growing in various regions
including Turkey were published. Trans-anethole and estragole are the major constituents of the essential oils of
different fennel chemotypes. Trans-anethole differs from its isomer estragole in the position of the double bond of
prophenyl chain as reported (Gross et al., 2002; Ahmed et al., 2019; Wodnicka et al., 2019). High presence of
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trans-anethole in our sample clearly reveals that our sample is trans-anethole-rich chemotype of fennel. Although
some differences observed, the chemical composition of the fennel essential oil agrees with same species from
different countries including Turkey (Yamini et al., 2002; Mimica-Dukic et al., 2003; Ozel et al., 2019; Kalleli et
al., 2019). There are a many studies on chemical compaositions of the EO obtained from the leaves of L. nobilis
from different locations of the world. Very recent study, conducted by Elkiran et al. (2018), investigated chemical
compositions of essential oils from seeds and leaves of laurel (Laurus nobilis L.). According to results of GC-
GC/MS system, monoterpenoids such as eucalyptol and o-terpinyl acetate were determined in the highest
concentrations within both essential oils. Similar results were also reported essential oils of laurel grown in
different parts of Turkey (Sangun et al. 2007; Yalcin et al., 2007; Perez et al., 2007; Ozcan et al., 2010, Yilmaz
and Deniz, 2017). Isoeugenol, a-pinene and linalool were also reported as the main components of essential oils
of leaves of L. nobilis from other countries which is in contrast with the results of the present study (Bozbouita et
al., 2003; Choudhary et al., 2013; Peixoto et al., 2017, Pinheiro et al., 2017, Chahal et al., 2017). According to
previous reports, the yield and composition of essential oil varies with genetic and environmental factors, as well
as developmental stage and extraction methods like steam distillation, hydro distillation and soxhlet extraction
(Woolf, 1999).

Antifungal activity of essential oils against mycelial growth of fungal isolates

The volatile inhibitory effects of different concentrations of essential oils against two tested fungal disease
agents P. funerea and F. oxysporum are given in Table 2 and 3. Both essential oils inhibited mycelial growth of
fungal disease agents in a dose dependent manner (Figure 2). Complete mycelial growth inhibition by fennel and
laurel essential oils against P. funerea were observed at 20 and 25 ml/petri concentrations, respectively (Table 2,
Figure 2). The efficient concentration (ECso) for fennel and laurel essential oils were estimated 5.66 and 4.31
ml/petri concentrations, respectively.

Table 2. The inhibitory effects (%) of different concentrations of volatile phase of essential oils of fennel and laurel on the mycelial growth
(mm)? of Pestalotiopsis funerea

Essential oils, mycelial growth (mm) and inhibitory effect (%)

Concentrations

(u/petri) Fennel % Inhibition Laurel % Inhibition
0.0 81.00d - 81.0e -
5.0 41.33¢ 48.97 33.33d 58.85
10.0 21.66b 73.25 20.67¢ 74.49
15.0 18.0b 77.78 14.66b 81.89
20.0 0.00a 100.0 10.0b 87.65
25.0 0.00a 100.0 0.00a 100.0
ECs" 5.66 431

2 The mean mycelial growth of fungal agent determined was based on the measurements of 3 replicate plates, recorded at 7 days after inoculation.
Mean values within the column followed by different letters are significantly different according to Duncan Multiple Range Test (P<0.05).
® The estimated efficient concentration (ECs) values (ml petri™) for each essential oil were estimated by using Probit analysis.

Complete mycelial growth inhibition by fennel and laurel essential oils against F. oxysporum were observed at
30 and 50 ml/petri concentrations, respectively (Table 3, Figure 2). The efficient concentration (ECso) for fennel
and laurel essential oils were estimated 10.98 and 15.04 ml/petri concentrations, respectively.
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Table 3. The inhibitory effects (%) of different concentrations of volatile phase of essential oils of fennel and laurel on the mycelial growth
(mm)? of Fusarium oxysporum

Essential oils. mycelial growth (mm) and inhibitory effect (%)

Concentrations

. Fennel % Inhibition Laurel % Inhibition
(nl/petri)

0.00 84.67f - 82.33j -
5.00 70.0e 17.33 63.33i 23.07
10.00 46.67d 44.88 54.33h 34.01
15.00 30.00c 64.57 45.67¢g 44.53
20.00 25.00c 70.47 36.67f 55.46
25.00 16.33b 80.71 30.67¢ 62.75
30.00 0.0a 100.0 24.33d 70.44
35.00 0.0a 100.0 20.67cd 74.90
40.00 0.0a 100.0 16.67¢c 79.76
45.00 0.0a 100.0 10.67b 87.04
50.00 0.0a 100.0 0.0a 100.0
ECs 10.98 15.04

2 The mean mycelial growth of fungal agent determined was based on the measurements of 3 replicate plates, recorded at 7 days after inoculation.
Mean values within the column followed by different letters are significantly different according to Duncan Multiple Range Test (P<0.05).
® The estimated efficient concentration (ECso) values (ml petrit) for each essential oil were estimated by using Probit analysis.

Figure 2. The antifungal activities of different concentrations of volatile phase of fennel (A and B) and laurel (C and D) essential oils on the
mycelial growth of Fusarium oxysporum (A and C) and Pestalotiopsis funerea (B and D).

In previously published studies, there are many reports on concentration-dependent antifungal activities of
essential oils whereby the mycelial growth suppressed with increase in the concentration of essential oils from
taxonomically different medicinal plants, including fennel and laurel, against several subspecies of Fusarium spp.
The antifungal activity of the essential oils of Laurus nobilis plants inhibited in vitro mycelial growth of Fusarium
oxysporum f. sp. radicis-lycopersici (Bayar et al., 2018), Fusarium oxysporum f. sp. radicis-cucumerinum (Soylu
and Incekara, 2017) in a dose-dependent manner. Similarly, fennel essential oil was also reported to inhibit in vitro
conidial germination and mycelial growth of F. oxysporum f. sp. fragariae (Park et al., 2017), Fusarium oxysporum
f. sp. radicis-cucumerinum (Soylu and Incekara, 2017), Fusarium subglutinans, F. vertricilioides, F. oxysporum,
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F. tricinctum, F sporotrichioides, F. equiseti, F. incarnatum and F proliferatum (Ozcan et al., 2006; Starovic et.
al., 2016).

Comparison to antifungal activities of essential oils against Fusarium spp., very few studies were, however,
conducted to determine antifungal activities of essential oils against Pestalotiopsis spp. Essential oils of ginger
oleoresin (GO) against olive fruit rot disease agent P. microspora (Chen et al., 2018), Cymbopogon citratus and
hydrolate soursop (Annona muricata) against Pestalotiopsis sp. (Bibiano and Saber, 2017), Chamaecyparis
formosensis and Cunninghamia konishii against Pestalotiopsis funerea (Cheng et al., 2011; Ho et al., 2012) were
reported to have strong inhibitory effect on mycelial growth of the fungal pathogen. To best of our knowledge,
this study was the first study to show that essential oils of fennel and laurel have antifungal activities against
Pestalotiopsis funerea.

Moreover, microscopical observations of essential oil treated fungal hyphae clearly revealed significant
alterations in the both fungal hyphae (Figure 3 and Figure 4). Volatiles compounds of each essential oils damaged
to plasma membrane and changed the morphology of fungal hyphae, which were resulted in distortion, sunken and
shriveled fungal mycelia of the disease agents (Figure 3 and 4). Shrivelled hyphal aggregates, reduced hyphal
diameters and lyses of hyphal wall were commonly observed in fennel oil treated mycelium, compared with thick,
elongated, normal mycelial growth in controls. Laurel oil mainly caused marked deformations, cytoplasmic
coagulations and necrosis. This kind of modifications may be related to the effect of the essential oil as enzymatic
reactions regulating wall synthesis (Rasooli et al., 2006).

Figure 3. Effect of essential oils of laurel and fennel on hyphal morphology of Fusarium oxysporum. (A) Hyphae growing on control petri
plate without essential oil. Volatile phase effects of laurel (B) and fennel (C and D) essential oils, respectively, on hyphal morphology. Note
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cytoplasmic coagulation, vesiculation (arrow) in plate (B) and hyphal shrinkage and outflow of cytoplasmic content (arrows) following lysis
of hyphal wall in plate (C and D). Bar=20 um

Figure 4. Effect of essential oil of fennel and laurel on hyphal morphology of Pestalotiopsis funerea. (A) Hyphae growing on control medium.
Volatile phase effects of laurel (B) and fennel (C and D) essential oils, respectively, on hyphal morphology. Note cytoplasmic coagulation and
vesiculation (arrow) in plate (B) and hyphal shrinkage and necrosis (arrows) following lysis of hyphal wall in plate (C and D). Bar=20 um

The observations made with light microscopy are in accordance with previously published studies which
verified that essential oils of medicinal plants caused the morphological alterations on the fungal hyphae of
taxonomically different plant fungal disease agents (Bianchi et al., 1997; Fiori et al., 2000; Soylu et al., 2007).

Conclusions

In conclusion, our results suggest that essential oils have the potential for use in control of soil borne fungal
disease agents such as F. oxysporum and P. funerea used in this study. The essential oils tested in this study could
be considered as potential alternatives for synthetic fungicides with modification as their structures could lead to
the development of new classes of antifungal compounds.
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