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Design of an Arduino based digital psychrometric device

Arduino tabanli dijital psikrometre tasarimi
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Aims: In this study an Arduino based simple and cost-effective
psychrometrics device was developed to determine psychrometrics
properties of moist air and gather long-term data to be used for
automation devices or other engineering designs related to environmental
control systems.

Methods and Results: The device employs Arduino microcontroller card.
This card has a cheap and high capacity microprocessor that can easily
integrate different sensors. The device includes a temperature/relative
humidity sensor and a digital barometric sensor. The measured
temperature/ relative humidity and elevation are recorded by connecting
to a remote database server through the Internet at the desired time
intervals. All other pscyhrometrics properties are calculated within the
database.

Conclusions: A device that costs 1,044.37 TL (S 183.22) was developed. The
design procedure and performance of the device is discussed in this study.
Significance and Impact of the Study: Considering the importance of
gathering psychrometrics data in environmental control of agricultural
production buildings, we concluded that the device which was developed
might provide a native, easy to use and cost-effective method.

Keywords:
Psychrometrics, environmental control,
automation, Arduino, data transfer
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INTRODUCTION

Environmental control in agricultural buildings means
control of the psychrometric properties of an indoor air.
Hence, the material of interest is moist air.
Psychrometrics deals with properties of moist air at
known and unknown states followed by a certain change
from a known state (Albright, 1990). Therefore knowing
the psychrometrics properties of indoor is essential to
design and operate environmental control systems such
as ventilation, heating and cooling (Lindley and
Whitaker, 1996). The effectiveness of these systems can
also be evaluated by psychrometrics functions of
sensible and latent heat (Vitt et al.,, 2017). There are
some equations and models available to calculate

psychrometrics properties of moist air (ASHRAE, 2001;
Nelson and Sauer, 2002; Bell et al., 2018). In most cases
if two of psychrometrics properties are known, the
remainder can be calculated using different equations.
The psychrometrics properties and brief explanations of
a moist air that should be determined are listed in Table
1 (Albright, 1990).

The best way to obtain data on psychrometrics
properties is to use a simple temperature/humidity
sensor. Even though there are such sensors available at
little costs they only provide dry-bulb temperature (Tqp)
and relative humidity (RH). One should conduct
numerous calculations to determine all other properties.
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Therefore, there is a need for a cost effective, easy to use
device that can measure these two parameters,

Table 1. Psychrometrics properties of a moist air

calculate other properties, transfer data, and store for
future or instant use.

Property Definition Symbol
Dry-bulb temperature The temperature measured by a regular thermometer Tab
Water vapor saturation . . . . P
. P The highest amount of water that can be held by dry air during saturation e
partial pressure
. - The amount of water vapor present in air expressed as a percentage of the RH
Relative humidity P -p P P 8
amount needed for saturation at the same temperature
- . The ratio of the weight of water vapor in the sample air compared to the weight w
Humidity ratio . i,
of the same air under dry conditions
. The ratio of weight of water vapor in air at given conditions and at saturation 71
Degree of saturation
under constant temperature
Specific volume The total volume of humid air per mass unit of dry air v
Density The inverse of specific volume p
Dew point temperature The temperature at which air is saturated with water td
Enthalpy The measure of the energy present in the moist air at a certain state h
The lowest temperature to which air can be cooled by the evaporation of water Twb

Wet-bulb temperature

into the air at a constant pressure

In this study, it was aimed to design a low-cost device
that can measure, calculate and transfer the
psychrometrics properties of air using Arduino and
associated technologies. The proposed device requires
sensors to gather data, electronics to transfer data, and
a microcontroller to coordinate these sensors and
electronics. Actually, the most important part of the
device is microcontroller. Arduino is a low—cost, open
source microcontroller that makes it popular to improve,
build or expand new technologies in all disciplines
(Varacha et al., 2012). The Arduino microcontroller can
be programmed using C programming language. A
number of input and output devices and sensors are
available to be used with Arduino platform (Schultz and
Vugt, 2016).

120 -
o0~
80 -
60 -

40 -+

Air Pressure (kPa)

20 -

MATERIAL and METHODS

Psychrometrics procedure

Albright (1990) reported the equations that can be used
to calculate psychrometics properties of ambient air.
The method requires at least 2 known properties and
elevation above sea level (EASL). The EASL value is
required to calculate humidity ratio (W). The actual
water vapor saturation pressure and atmospheric
pressure at local elevation should be known to calculate
EASL. Relationship between EASL and standard
atmospheric pressure is shown in Fig 1. The regression
equation that can be used to calculate standard air
pressure was also shown in same figure.

y =-0,0097x + 100,68
R?=0,9945

0O
Y T T

-500 500 1500

2500

3500 4500 5500

Elevation Above Sea Level (m)

Figure 1. Linear relationship between EASL and standard air pressure (Albright, 1990).
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One can easily calculate the remainder properties using
simple equations. However, wet-bulb temperature (Twy)
is more complicated to determine. It requires an

iterative procedure to find the solution. Stull (2011)
published the following simple equation to calculate Twy
based on Tgpand R

Ty = Tap X arctan[0.151977 x (VRH + 8.313659)| + arctan(Ty, + RH) — arctan(RH — 1.676331) + 0.00391838 x

RH3/% X arctan(0.023101 x RH) — 4.686035

Eg. (1) is an empirical inverse solution of a function that
fits a graph plots the relationship between Ty, and wet-
bulb depressions depending on different relative
humidities at standard atmospheric pressure (101.3 kPA,
and EASL of 0.0 m). Therefore this equation is not
applicable to altitudes other than sea level. However, the
difference between any Ty calculated at an elevation of
-500 and 5000 m is less than 1 °C for any combination of
Tao and RH. Therefore, the error in the calculations was
assumed to be negligible and Eq. (1) was used during the
development of proposed device.

Electronics components used in device

In the design an Arduino Uno R3 microcontroller board
was used, which employs an AT mega328
microprocessor (Fig 2). This microcontroller unit can be
connected to a computer via USB port, or it can be

Eq. (1)

Technical properties of Arduino Uno R3 microcontroller
is given in Table 2.

Figure 2. Arduino Uno R3 microcontroller (Anonymous,

powered with an AC/DC adapter or a battery can be used 2019)
to operate it.

Table 2. Technical specifications of Arduino Uno R3 microcontroller (Arduino, 2019)
Microprocessor ATmega328

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital 1/0 Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory
SRAM
EEPROM
Clock Speed

32 KB (ATmega328) of which 0.5 KB used by boot loader
2 KB (ATmega328)

1 KB (ATmega328)

16 MHz

As discussed earlier, ambient temperature and relative
humidity is measured using an Arduino adaptable sensor
to calculate psychrometrics properties. In the device a
SHT11 sensor was used, which can measure ambient
temperature and relative humidity together (SENSIRION,
Laubisruetistrasse Staefa ZH, Switzerland) (Fig 3). This
sensor is also a low-cost technology with high accuracy.
It can measure the temperature and relative humidity
with £0.4 °C and 13 % accuracy, respectively.

Figure 3. SHT11 temperature/relative humidity sensor
(Anonymous, 2019)
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Altitude of the location is measured via BMP180
Digital Barometric Pressure Sensor (Bosch Sensortec
GmbH, Reutlingen, Germany) (Fig 4). This sensor
measures the absolute pressure of the air. This pressure
varies with altitude and hence the altitude can easily be
calculated using Eq. (2), if the pressure is known.

Figure 4. Digital barometric pressure sensor
(Anonymous, 2019)

p\1/5.255

EASL = 44,330 x [1 - (—) ] Eq. (2)

Po
where:
EASL: elevation above sea level (m),
P: ambient air pressure measured by sensor (hPa),
Po: air pressure at reference location which is sea level
(1013.25 hPa)

Measured Tg4,, RH, EASL, and calculated other
psychrometrics properties are sent to internet database.
In the data transfer a Global System Mobile transfer
(GSM) module is used (Fig 5). This module (GSM Shield—
Simcom/Sim800C) (SIMCom Wireless Solutions Ltd.,
Shanghai, China) has a built—in antenna that prevents
data from being processed when the network signal is
weak.

w ereeeiverEg

Figure 5. Global System Mobile transfer (GSM) module
(Anonymous, 2019)

In order to visualize the most recent measured and
calculated data, a Liquid Crystal Display (LCD) is
employed. It is a 5—-Inch Nextion HMI Touch TFT LCD

Display (Nextion, Nanshan Dist., Shenzhen, GD, China)
that is capable of communicating with Arduino
microcontroller.

Software development

The software basically adapts sensors and other
electronics into the system, calculates the
psychrometrics properties based on the sensor data and
uses codes to transfer calculated data. The Arduino
technology provides a free of charge programming
platform that makes the entire system low-cost,
dynamic and accessible by others. The platform is based
on C/C++ which is one of the most common languages
used by programmers. The software enables users to
change data collection interval down to 1 reading per
minute. The collected data is recorded by connecting to
a remote database server over the internet at desired
time intervals. In this way, the data security is ensured
and the data can be accessed from any place at any time
via the database server. MySQL, a relational database,
was used in the project. The flowchart of the entire
procedure is given in Fig 6.

| Enter reading interval, Read T, RH |

1

| Calculate P based on Tys |

&

Calculate water vapor partial pressure
(P} based an RH

| Caleulate W based on P, and P |

¥

| Caleulate W for saturated maoist air (W) |

| Calculate p based on'W and W, |

)

| Calculate v and p based on P, Tew and W |

| Calculate tg based Tawand P |

¥

I Calculate h based on Tab and W l

¥

| Calculate Tws based on Tas and RH |

| Send calculations to database |

Figure 6. Flow chart of the data processing and transfer
procedure.

RESULTS and DISCUSSION

An Arduino based digital psychrometrics device was
developed using electronics that were compatible with
microcontroller unit (Fig 7). The major components of
the device are microcontroller, temperature/relative
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humidity sensor, GSM unit, and touchscreen. All these
components are available at market with low costs. Cost
of each piece and total cost in TL and USD are

The cost doesn’t include GSM operator and internet
server costs. A total cost of close to $185 is achieved
which is affordable comparing to similar weather

summarized in Table 3.

monitoring devices which have not same capacity.

/ DRY-BULB RELA VATION
TEMPERATURE  HUMI ABOVE SEA
Ty (°C) @ (%) LEVEL (meter)

i 28 &7 A 483

Water Vapor Saturation Partial 3782, 99
Pressure Pws (Pa)

Water Vapor Partial Pressure 2
' Pw(Pa) = “ g
Loy
Hum

°°“'°°

.- q

specmcvmmi“
v(mi/kg)

DewPoi::‘(@.::n)peuture 21, 1726
- f:"‘(:,;;:'@f” 71, 2145
> (ke/m’) 1, 09918
Wet-BuIl:;l'c(eor:;)erature 23,3
Figure 7. Psychrometrics device
Table 3. Total cost of psychrometrics device.
Piece Unit price (TL) Total cost (TL)
Arduino Uno R3 (Microcontroller) 1 135.30 135.30
Arduino GSM Shiled-Simcom/Sim800C 1 402.85 402.85
DS1307 RTC (Real time clock module) 1 60.43 60.43
3.5 Inch Nextion HMI (Touchscreen display) 1 217.02 217.02
SHT11 (Temperature/relative humidity sensor) 1 127.57 127.57
HH8282 (85x155x60mm box) 1 17.93 17.93
BMP180 (Digital barometric sensor) 1 7.05 7.05
CR2032 (Lithium battery) 1 1.34 1.34
5V 1A (Power adapter) 1 18.80 18.80
Power connector 1 1.21 1.21
3.7V 1100mA 1S Lipo - (Battery) 1 34.38 34.38
(Micro USB Li lon battery charge circuit Micro) 1 5.71 5.71
LM2596 (Adjustable voltage reducer) 1 4.70 4.70
MT3608 2A (Power booster) 2 5.04 10.08
Total (TL) 1,044.37
Total (USD) 183.22

In order to compare the cost and performance of
the system a TFA 35.105 Wireless Weather Station (TFA—
Dostmann GmbH & Co.KG Zum Ottersberg 12 D-97877
Wertheim/Reicholzheim, Germany) was used (Fig. 8).

This device not only measures and stores Tq, and RH it
also measures indoor air pressure, wind speed/direction
and precipitation. The cost of the system is $360 which
is twice more expensive than the device developed in
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this study. Even though our device is not capable of
measuring precipitation and wind data, with integration
of related sensors it can measure and store these data as
well. The total costs of wind and precipitation sensor kit
is $108 that makes the cost of our device $291. Our
device not only measures psychrometrics properties it
also transfers data to an internet server and can
automate environmental control devices. Therefore, it
has more capabilities with smaller cost comparing to the
commercial device.

Figure 8. Reference weather station device

As discussed above accuracies of SHT11 sensor are 0.4
°C and +3% for Tgq, and RH, respectively. Technical
specifications of TFA 35.105 Wireless Weather Station
are listed in Table 4.

Based on the table SHT11 is more accurate in both

temperature and RH (£0.4 °Cvs + 1°C, and 3% vs 5%)

Table 4. Technical specifications of reference weather

station
External temperature display range -40°C-80°C
Internal temperature display range -9.9°C-60°C
Operating temperature -5°C-50°C
Storage temperature -20°C-70°C
Temperature accuracy t1°C
Temperature precision 0.1°C
RH display range 0%—99%
RH accuracy 5%
RH precision 1%

The T4, and RH values that were acquired with both
devices were recorded and stored under laboratory
conditions. A 24-hour experiment is conducted.
Temperature and RH values recorded to monitor the
relationship between the designed device and reference
commercial system. Both relations are shown in Fig 9. As
can be seen from the figure, there is a strong relationship
between measured and reference temperature values.
Mean daily temperature values are 24.6 and 23.5 for
SHT11 and reference, respectively. The slope of trend
line and line of equality are similar which means both
device vyield similar temperature values during
operation.

32 7
K4
R4
R4
/8
28 4
Line of equality /
R*=09713
g
i
8
=
g
‘G 24 4
[
R
20 T T
20 24 28 32
Measured Ty, (C)

Reference RIT (%)

35

Q

30 4

45

Line of equality

35 W T T T
35 40 45 50 55

Measured RH (%)

Figure 9. Comparison of measured and reference Tqs, RH.
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If we look at the relationship between measured and
reference RH, there is a smaller R? value of 0.93
comparing to that relation of temperature (0.97). Also,
the slopes of trend line and line of equality are different.
This may be explained by smaller accuracies of both
systems in the measurement of RH (3 and 5% for our
device and reference system). Olgun (2016) reported
that required RH ranges for cattle, sheep/goat, and
poultry are 60—-80%, 50-60%, and 60—75%, respectively.
Therefore, in environmental control for agricultural
buildings accuracy of up to 5% can be tolerated without
causing any problem in operation. Mean daily RH values
are 44 and 48% for SHT11 and reference device,
respectively. There is a difference of 4% that is within the
accuracy range of reference device.

CONCLUSIONS

As a result, in this study a digital psychrometer that can
be used to measure, transfer, and record pschrometerics
properties of a moist air was designed. Arduino
microcontroller was used as a tool to coordinate
required sensors and electronics to achieve the goal. As
a result, it can be concluded that;

e Arduino, an open source microcontroller, can be
used to design environmental monitoring and
automation devices,

e The low cost, accessibility, and easiness of
programing make this technology suitable for
agricultural applications,

e Accuracies of related sensors are good enough
comparing to other commercial technologies,

e Possibilities of integrating other sensors and
electronics  with  Arduino also makes this
microcontroller dynamic,

Integration of GSM technology into the system makes
Arduino based devices ideal for applications in which
data transfer and storage is critical.

OzET

Amag: Bu c¢alismada, nemli havanin psikrometrik
ozelliklerini belirlemek ve otomasyon cihazlari veya
cevre kontrol sistemleri ile ilgili diger miihendislik
tasarimlari icin uzun vadeli veriler toplamak amaciyla
Arduino tabanl basit ve uygun maliyetli bir psikrometri
cihazi gelistirilmistir.

Yontemler ve Bulgular: Cihazda Arduino
mikrodenetleyici karti kullanilmistir. Bu kart, farkl
sensorleri kolayca entegre edebilen ucuz ve yilksek
kapasiteli bir mikroislemciye sahiptir. Cihaz, bir sicakhk /
bagil nem senséri ve bir dijital barometrik sensoér

icermektedir. Olgiilen sicakhk / bagil nem ve yiikseklik,
istenen zaman araliklarinda internet lizerinden uzak bir
veritabani sunucusuna baglanarak kaydedilebilmektedir.
Diger tum psikrometrik 06zellikler, veritabaninda
hesaplanmaktadir.

Genel Yorum: Gelistirilen cihazin toplam maliyeti
1,044.37 TL (183.22 S) olmustur. Bu ¢alismada cihazin
tasarim prosediirii ve performansi tartisiimistir.
Calismanin Gnemi ve Etkisi: Tarimsal tretim binalarinin
cevresel kontrolliinde psikrometri verilerinin
toplanmasinin 6nemini gbéz oniline alarak, gelistirilen
cihazin vyerli, kullanimi kolay ve uygun maliyetli bir
yontem saglayabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Psikrometri, denetimi,

otomasyon, Arduino, veri aktarimi

cevre
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Aims: The aim of this study was to determine the biomass potential and
the energy value, being produced from agricultural residues in Hatay
province.

Methods and Results: The amounts of residues from the agricultural
crops cultivated in Hatay province were calculated using production data
of crops with Turkish Statistical Institute for the 2018 seasonal years. The
annual gross potential of agricultural residues was determined by using
residue to product ratio or residue per tree or residue per area. The total
amount of agricultural residues was approximately 652.8 kt.year-l. The
total heating value of the agricultural residues was around 13.36 Pl.year”

Keywords:
Biomass energy, agricultural residues,
Hatay.

/Corresponding author: Cengiz KARACA
[: ckaraca@ mku.edu.tr ' The top four districts of Hatay according to the amount of agricultural
residues are Kirikhan (181.6 kt), Center (158.8 kt), Reyhanli (111.3 kt) and

Kumlu (65.2 kt). The major crops included in the ratio of the total

residues amount were cotton (65.5%), maize (14%), olive (13.3%) and
citrus (10.9%).

Conclusions: The potential of agricultural residues concentrated in the
Kirtkhan and Center districts. However, there are also significantly
different crop residues in other districts. Hatay have a great agricultural
residues potential for conversion to energy. Such a large potential
necessarily has to be evaluated by establishing modern facilities.
Significance and Impact of the Study: In this paper, the produced maps
were provided to see more clearly in the differences of data among the
districts. The mapping can provide the rise of public awareness, policy-
makers’ reference and investor's guide about these subjects.

Atif / Citation: Karaca C (2019) Agricultural Residues Potential of Hatay. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :9-15

INTRODUCTION

Energy is central to economic development, and there
is a clear correlation between energy consumption and
living standards. Energy sources are split into three
categories: fossil fuels, renewable sources and nuclear
sources (Karaca, 2015). The valid global energy supply
depends heavily on fossil sources (crude oil, lignite,
hard coal, natural gas). The World’s economies are
dependent on crude oil. Fossil fuels are limited
resources, collected in few regional areas of the world.
This creates a permanent and insecure status of
dependency on import of energy for the countries
outside this region.

Conventional biomass plays a considerable role in
energy production in Turkey. Wood is used as a major
resource for direct cooking and heating in rural areas,
but the use of modern biomass for energy production is
a rather recent event. Turkey is an agricultural country;
moreover, it has significant forestry potential, especially
in the Central Anatolia, Cukurova, and Southern
Anatolia regions. Even though the main goal is
harvesting cereals and other seeds in agriculture, there
is a strong wish to reclaim buried agricultural waste.
Agricultural waste is a major source of biomass due to
its high potential (Karaca and Bascetingelik, 2014).

Turkey has always been one of the major agricultural
countries in the world. The importance of agriculture is
increasing for biomass energy is one of the major
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resources in Turkey. Biomass waste materials can be
used in Turkey to provide centralized, medium- and
large-scale production of process heat for electricity
generation. Electricity generation from biomass has
been found to be a promising method in the near
future in Turkey (Karaca, 2015).

Biomass energy includes agricultural residues, domestic
waste, fuelwood, animal waste and other fuel derived
from biological sources. Estimation is based on the
recoverable energy potential from the main agricultural
residues, livestock farming waste, forestry and wood
processing residues and domestic waste as given in the
literature. Biomass, which comprising mostly wood and
dung for heating and cooking is mainly used in rural
areas (Bascetingelik et al. 2005)

Agricultural residues are defined as a biomass by-
product from the agricultural system and include
straws, husks, shells, and stalks. These residues can be
divided into two groups: crop residues, which remain in
the field after harvest, including the cotton stalk, and
agricultural residues, which are the by-products of the
industrial processing of crops such as rice husk. (Karaca,
2015)

This study aimed to determine the biomass potential
and the energy value, being produced from agricultural
residues in Hatay province. The major benefits are
environmental and relate to the reduction of GHG
emissions (since crops are considered CO, neutral),
conservation of natural resources, and avoidance of
fossil fuel consumption. They are complemented by
economic benefits (reduction of imported fuel
consumption), regional development and investment
increase.

MATERIAL and METHODS

Hatay has a surface area of 5,524 km?’ located between
the 35°52'-37°4"'northern latitudes and 35°40'- 36°35'
east longitudes in the eastern part of the
Mediterranean Sea. Hatay province is divided into 14
districts, two of which (Antakya and Defne) are included
in the municipality of Center district. Other districts
include Altindzl, Arsuz, Belen, Dortyol, Erzin, Hassa,
iskenderun, Kirikhan, Kumlu, Reyhanli, Samandag and
Yayladagi (Karaca, 2017).

Grains and industrial crops have the most important
place regarding production area and amount of product
in the production of agricultural products of Hatay. The
province has 228,528 hectares of agricultural land. Field
crops constitute 48.5% of the agricultural land and fruit,
vegetable and fallow lands constitute the rest. Cotton,
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wheat, maize, olive and citrus are the prominent
products in the province. (Anonymous, 2018a)

The amounts of residues of the crops cultivated in
Hatay province were calculated using production data
of crops with the Turkish Statistical Institute for the
2018 seasonal years (Anonymous, 2018b). The annual
gross potential of agricultural residues was determined
by using the residue to product ratio (RPR) (Tablel).
The net potential of residues was determined by using
the availability of residues. The availability of residues is
unused and completely wastes part of residues
(Tablel). The available potential of the agricultural
residues in each district of Hatay was calculated based
ontheEq.1.

where (AAR); is the available amount of agricultural
residues of i crop in ton, (AAP); the amount of
agricultural product in tons or number of tree for
pruning wastes, (RPR); residue-to product ratio of the i""
crop and (A); the availability of residues.

The residues are material left over the field after
agricultural production. Some agricultural residues have
already been used for domestic purposes, heating,
animal fodder, bedding. Mainly residues from the
production of industrial, agricultural products are left
over the field. The species are cotton stalk, maize stalk,
sunflower stalk, cereal straw, pruning, etc.

The energy potential of residues for each district was
calculated by multiplication of the heating values of a
selection of agricultural residues which was taken
heating value per each residue (Table 1) with the
available residue amount (Eq. 2).

(THV), = (AAR), x (LHV) Eq. (2)

where (THV); the total heating value of agricultural
residues of i crop in GJ, (AAR); is the available amount
of agricultural residues of i crop in tons and (LHV),
lower heating value of air-dry residues of i crop in MJ
kg™

The energy content of the selected products for each
district was calculated using the above equations. For
each district, the calculated values that the total
amount and the total energy potential of agricultural
crop residues were mapped using the GIS software. The
produced maps were provided to see more clearly in
the differences of data among the districts. The
mapping can provide the rise of public awareness and
policy-makers’ reference about these subjects.
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Table 1. The ratio of product to residue, availability and heating values of a selection of agricultural crop residues
(Bascetingelik et al., 2006; Bilandzija et al., 2012; Veldzquez-Marti et al., 2013; Karaca, 2015)

Field Crops Residues Ratio of Product to Availability Heating Valu::
Residue (RPR) (A) (%) (LHV) (MJkg™)

Wheat Straw 1.00 15 17.9
Barley Straw 0.75 15 17.5
Maize Stalk 1.60 60 18.5

Cob 0.30 60 184
Cotton Stalks 2.30 60 18.2

Ginning residues 0.30 80 15.7
Tobacco Stalk 1.20 60 16.1
Sunflower Stalk 2.50 60 14.2
Fruits Crops
Apricot Pruning 5.80%* 80 19.3
Peach Pruning 7.00* 80 19.4
Plum Pruning 7.00* 80 17.3
Fig Pruning 4.50* 80 15.8
Pomegranate Pruning 9.00%* 80 17.0
Walnut Pruning 3.50* 50 19.0
Almond Pruning 5.80* 80 18.4
Lemon Pruning 13.00* 80 17.6
Orange Pruning 15.00* 80 17.6
Mandarin Pruning 13.00* 80 17.6
Grapefruits Pruning 14.00* 80 17.6
Vineyard Pruning 4,250** 80 18.0
Olive Cake 0.40 90 19.7

Pruning 9.00* 50 18.1
* RPR kg/tree
** RPR kg/ha
RESULTS and DISCUSSION thousand tons in Hatay (Table 2). The share of sources

in these residues is field crops 75.24% and fruit crops

The total amount of agricultural residues, including 27.76%. Major crops that included in the ratio of the
annual crop residues (grains, maize, cotton, sunflower, total residue amount are cotton (57.8%), maize
tobacco), perennial residues (tree pruning) and agro- (12.41%), olive(11.76%), citrus (9.61%), wheat (4.74%)
industrial residues (cotton-ginning, seed oil industries, and vineyard (2.21%).

olive oil industries), were calculated to be about 739.8

11
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Table2. The amount of agricultural product and available residues of Hatay

Field Crops Amount of Agricultural Product (AAP) Residues Available Residues
(tons) (AAR) (tons)

Wheat 233,578 Straw 35,037
Barley 5,424 Straw 610

. Stalk 77,291
Maize 80,511 Cob 14,492

Stalks 364,183
Cotton 263,901 Ginning residues 63,336
Tobacco 1,284 Stalk 924
Sunflower 522 Stalk 783
Fruits Crops
Apricot 673,675%* Pruning 3,126
Peach 122,665* Pruning 687
Plum 338,210* Pruning 1,894
Fig 130,805* Pruning 471
Pomegranate 732,554* Pruning 5,274
Walnut 65,065* Pruning 114
Almond 48,250* Pruning 224
Lemon 341,191* Pruning 3,548
Orange 1,935,968* Pruning 23,232
Mandarin 4,179,458* Pruning 43,466
Grapefruit 78,273* Pruning 877
Vineyard 4,622%* Pruning 16,360
Olive 85,501 Cake (pomace) 30,780
12,492,281* Pruning 56,215

TOTAL Residues 739,800

* Number of trees
** Planting Area (ha)

All districts of Hatay were put in order according to the
amounts of residue in Table 3. Also, the distribution
map of agricultural residues, which mapped using a GIS
Software for each district, was given Fig 1.

It is determined that the most agricultural residue is in
Kirkhan (25.72%) and Center (23.54%) districts in

Hatay. Apart from these, also the Reyhanl district is
seen to have a high agricultural residue potential
(114.76 ktons). It is viewed that there will not be a
shortage of raw materials for the investment and
facilities to be made for obtaining energy from
agricultural residues in these three districts.

Amount of Residue (1000 tons)
[Jo-700

[1701-1500

| 15.01 - 35.00

[ 35.01 -65.00

I 65.01 - 110.00

I 110.01 - 191.00

[Jcrains[__]cotton  [__] Tabacco [ Plum [JFie [] vinyard

Maize Sunflower ] Olive

:] Pomegranate E Peach [:] Citrus

Fig 1. The distribution map of agricultural residues in Hatay
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Table 3. The ranking of districts according to amount of agricultural residues

Field Crops Residues

Fruit Crops Residues

Share in Total Residues

Districts (tons) (tons) Total Residues (tons) (%)
Center 154,789 19,344 174,133 23.54
Altin6zi 14,518 26,910 41,428 5.60
Arsuz 10,405 13,763 24,168 3.27
Belen 5,377 762 6,139 0.83
Dértyol 935 22,833 23,768 3.21
Erzin 1,041 38,672 39,713 5.37
Hassa 11,726 25,116 36,841 4.98
iskenderun 506 3,221 3,726 0.50
Kirikkhan 179,474 10,838 190,312 25.72
Kumlu 64,923 508 65,431 8.84
Reyhanli 110,602 4,156 114,757 15.51
Samandag 315 12,857 13,173 1.78
Yayladagi 2,046 4,165 6,211 0.84
TOTAL 556,657 183,143 739,800 100.00

It was calculated that the total heating value of the
agricultural residues was about 13,362.8 TJ (319 ktoe)
for the production period of 2018 in Hatay. The heating

Table 4. Total heating value of agricultural residues of Hatay

value of agricultural residues that calculated separately
for each product is given in Table 4. The distribution
map was given Fig 2.

Total Heating Value

Field Crops Residues (THV) (G))
Wheat Straw 35,037
Barley Straw 610
Maize Stalk 77,291
Cob 14,492
Cotton Stalks 364,183
Ginning residues 63,336
Tobacco Stalk 924
Sunflower Stalk 783
Fruits Crops
Apricot Pruning 3,126
Peach Pruning 687
Plum Pruning 1,894
Fig Pruning 471
Pomegranate Pruning 5,274
Walnut Pruning 114
Almond Pruning 224
Lemon Pruning 3,548
Orange Pruning 23,232
Mandarin Pruning 43,466
Grapefruit Pruning 877
Vineyard Pruning 16,360
Olive Cake_(pomace) 30,780
Pruning 56,215
TOTAL 13,362,814
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Fig 2. The distribution map of heating value based on agricultural residues in Hatay

These maps (Fig 1 and 2) showed that the potential of
agricultural residues concentrated in the Kirikhan and
Center districts. Especially, it is observed that the type
and distribution of residues in Kirikhan district, the
distribution of agricultural residues according to
heating value are ranked as cotton (2,770 TJ), maize
(229.8 TJ) and wheat (203 TJ) respectively. In Center,
this ranking consists of cotton (1,885.4TJ), maize (814.7
TJ), and olive wastes (286.5 TJ) respectively. However,
different crop residues are remarkable in a certain
district. Heating values of citrus pruning wastes are
585.9T) in Erzin, 368.6 T) in Dortyol, 110.1 TJ in
Samandag and 25.3 TJ in iskenderun, respectively.
Furthermore, olive waste constitutes an important
potential in Altin6z{i (492 TJ), Center (286.5 TJ), Kirikhan
(162.8 TJ) Hassa (160.3 TJ), Arsuz (114 TJ), Samandag
(101 TJ) and Erzin (101.4 TJ) districts. Moreover, it is
seen that the vineyard pruning waste also creates a
significant energy potential in Hassa (276.9 TJ).

The potential of biomass from agricultural residues was
determined in Samsun province. The total biomass
potential was determined as 366.6 ktons in the
province. (Karaca et al., 2017).

A study carried out by Karaca and Oztiirk (2017) in
Osmaniye province indicated that the total biomass
potential from agricultural residues was 491 ktons.
Karaca (2018) reported the amount of biomass from
agricultural residues was about 380.8 ktons year”,
equivalent to about 6,517.8 TJ of heating value in
Balikesir.

Despite these facts, until now, there has not been any
investment in these areas related to agricultural
residues, which have a great potential for conversion to
energy. However, the results of this study show that
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such a large potential necessarily has to be evaluated
by establishing modern facilities.

CONCLUSIONS

This study aimed to determine the distribution of
agricultural residues in the districts of Hatay as given on
the map. The importance of this paper is increasing
more because Turkey is an energy importing country.
Hatay is in the tenth place with a share of 2.57% in
Turkey, especially regarding the potential for field crops
residues (Karaca, 2015).

The total amount of agricultural residues was
approximately 739.8 kt. It was found that the total
heating value of the agricultural residues was around
13,362.8 TJ for the production period of 2018. It was
determined that this potential concentrate in the
Kirikhan, Center and Reyhanl districts. It was seen that
the majority of agricultural residues originate from field
crops. According to the amount of residues of
agricultural products, it is listed as, cotton (57.8%),
maize (12.41%), olive (11.76%), citrus (9.61%), wheat
(4.74%) and vineyard (2.21%).

Although Hatay province has a large biomass energy
potential, this potential cannot be adequately assessed.
In this paper, the produced maps were provided to see
more clearly in the differences of data among the
districts. The mapping can provide the rise of public
awareness, policy-makers’ reference and investor's
guide about these subjects.

Consequently, agricultural residues are a very attractive
choice, since it is economical, sustainable,
environmental friendly and a familiar energy source for
Hatay.
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Effect of different boron levels in irrigation water on the development of cotton
(Gossypium hirsutum L.)
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Aims: Lack of boron element negatively affects the plant growth, while the
excess is toxic. The toxic effect of boron varies from plant to plant. This
study was carried out to determine the effects of irrigation waters
containing different concentrations of boron in the cotton plant, which is
a plant with boron resistance.

Methods and Results: In this study, 8 different experimental subjects (0,
1, 2.5, 5, 10, 15, 20, 25 ppm) with six replications were investigated. The
experiment was carried out in a randomized plot design and six
replications. Plant growth was monitored during the trial and the effect of
boron on plant height, fresh weight, dry weight, fiber quality, boron
accumulation in the leaf and soil was determined. It was determined that
the little amount of boron application increased the yield. The content of
boron in the irrigation water significantly influenced the length, wet and
dry weight and fiber yield of cotton. In the study, plant height, fresh
weights and dry weights ranged from 51.5 cm to 63.0 cm, 131 g to 283 g
and 55.97 g to 86.37 grams, respectively.

Conclusions: The increase in boron content of irrigation water caused
boron accumulation in plant and soil. Consequently, the development and
yield of the plant has affected negatively.

Significance and Impact of the Study: In addition to insufficient water
resources, the increase in demand for water necessitates the use of some
marginal waters in agriculture. The results of this study show that boron
waters can be used as irrigation water when applied according to the
research results.
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GIRIS

GUnumizde hizla artan diinya nidfusunun  besin
gereksinimini yeterli diizeyde karsilamak her gecen giin
daha da zorlagsmaktadir. Diinyanin bir¢ok yerinde ve
Ulkemizde tarim alanlarin sinirli ve dogal kaynaklarin kit
olmasindan dolayi, besin ihtiyaglarina olan talebin
karsilanmasi, ancak birim alandan ve birim sudan fazla
verim alinmasi ile mimkuindir. Tarimsal Gretimimizin en
blytk sorunlarindan biri su kaynaklarimizin yetersiz
olmasidir. Yetersiz olusunun yaninda cesitli nedenlerle

hizla kirlenen su kaynaklarimiz bu sorunu daha da
artirmaktadir. Bu nedenle azalan iyi su kaynaklarina
alternatif olarak dislk kalitedeki sularin sulamada
kullanilmasi kaginilmaz hale gelmistir. Disik kaliteli
sulama sularinda tuz, sodyum veya bor elementinin
yuksek miktarlarda bulunmasi muhtemeldir (Comert ve
Kale Celik, 2017).

Bor, bitkilerin blylime ve gelismelerini diizenleyen,
fizyolojik olaylarda etkin bir spekturuma sahip, gerekli bir
mikro besin elementidir. Genelde vyerylziindeki
topraklarda, daha cok eksikligi 6ne c¢ikmakta ve bu
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nedenle yapilan arastirmalarin ¢ogu bor noksanlig
Uzerine yogunlasmaktadir. Buna karsin, diinyanin en
zengin bor vyataklarina sahip olan (lkemizin baz
bolgelerinde toprakta, bor fazlaligl ve yetisen bitkilerde
bundan kaynaklanan bor toksitesi gorilmektedir.
Ozellikle kurak ve yari kurak bélgelerde, toprak veya
suda bulunan fazla bor, tarimsal iretimi yapilan bitkilere,
toksik etkisi bakimdan biyulk bir sorun haline gelmistir.
Bor kirliligi, farkli sekillerde bor kullanan sanayi
atiklarinin gol, nehir ve akarsulara desarji veya bor
acisindan yaygin termal sularla sulama veya bu sularin
nehir ve irmaklara desarji sonucu ortaya cikmaktadir
(Gupta ve ark., 1985).

Borun bitkiler icin temel olusunun disinda, kendine 6zgii
olarak, optimum ve toksik seviyeleri arasindaki araligin
dar olusu, bu elementi tarimsal agidan 6nemli ve
calisiimasi zor bir parametre haline getirmektedir
(Blevins ve Lukaszewski, 1994). Bitki tlrleri arasinda
oldugu gibi, ayni tlrin cesitleri arasinda da bora
duyarhlikta biyuak farklilklarin oldugu ve bu farkliliklarin
nedeninin de bitkilerin bor toksisitesinden fizyolojik
olarak farkh diizeylerde etkilenisinden kaynaklandigi
belirtilmektedir (Paull ve ark., 1988). Yapilan deneme
sonuclarina gore, sulama suyundaki bor
konsantrasyonunun 1 ppm’lik degerlerinde, bora duyarh
bitkilerde zararlar olustugu, 10 ppm’lik degerlerinde ise
bora dayanikl bitkilerin bile zarar gordigi saptanmistir
(GUngor ve Erozel, 1994).

Gilneydogu Anadolu Projesinin  (GAP) en 0&nemli
unsurlarindan olan Harran ve Surug Ovalari sulu tarimin
yogun olarak yapildigi ovalardir. S6z konusu ovalarda
yaygin olarak pamuk vyetistiriimektedir. Pamuk, tekstil
sanayi basta olmak lzere birgok farkli sanayi kollarinda

X A R A DIENITZ

Sekil 1. Arastirma yerinin konumu

kullanilabildiginden hem ekonomik hem de sosyal a¢idan
birgok lilke ekonomisi igin stratejik bir tGriindiir. Ulkemiz
icin de oldukga stratejik 6neme sahip olan pamuk
Uretimi, en fazla bu boélgede vyetistiriimektedir. Ancak
bilingsiz yapilan sulamalar nedeniyle 6nemli miktarda su
kayiplari meydana gelmektedir. Memba tarafinda
meydana gelen su kayiplari drenaj kanallari ile ovalarin
mansap tarafina ulasmakta, farkli kirleticilerle kirlenen
bu drenaj sularn ciftciler tarafindan tekrar pamuk
sulamalarinda kullaniimaktadir.

Bu arastirmada, farkli dizeyde bor iceren sulama
sularinin pamuk bitkisinin gelisimine, verimine ve bazi
kalite unsurlarina etkisi arastiriimistir. Boylece gelecekte
bolgede meydana gelebilecek bor kirliligi karsisinda
pamuk yetistiriciliginde bitki verim ve kalitesindeki olasi
degisimleri ve bitki ile toprakta olabilecek birikimler
konusunda veriler elde edilmistir.

MATERYAL ve YONTEM

Arastirma yeri: Arastirma Harran Universitesi Ziraat
Fakilltesi AR-GE calisma alaninda yurGtilmustir.
Arastirma yerinin deniz seviyesinden yiksekligi 480 m
olup 36° 42' kuzey enlemi 38° 58' dogu boylaminda yer
almaktadir (Sekil 1).

iklim ézellikleri: Turkiye'nin en sicak yerlerinden olan
Sanliurfa’da kismen Akdeniz ikliminin etkileri gérilmekte
olup, kiglari soguk ve yagish, yazlari ise ¢ok sicak ve kurak
bir iklim hikim strmektedir. Denemenin yurtildigi
2017 Mayis—Eyliil doneminde uzun yillar ortalamasinin
altinda yagis (7.2 mm) diismistir. Ayni donemin sicaklik
ortalamasi ise 27.7 C ile uzun yillar ortalamasina yakin
olmustur.

Sanhurfa
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Toprak ozellikleri: Arastirmada kullanilan toprak,
deneme alanindaki topraklarin 0-20 cm derinligindeki
Ust katmanindan alinmistir. Alinan toprak materyali,
icerisinde yer alan tas, cakil ve bitki atiklarindan
arindirilmistir. Denemede kullanilacak topragi homojen
hava kuru nem seviyesine getirmek amaciyla zaman
zaman karistirilmistir.

Cizelge 1. Arastirma topraginin fiziksel ve kimyasal 6zellikleri

Denemede topragl homojen hava kuru nem seviyesine
ulastiktan sonra 5 mm’lik elekten gegirilmis ardindan 20
litrelik saksilara esit sekilde doldurulmustur. Ayni
zamanda arastirmada kullanilacak topraktan ornekler
alinarak Cizelge 1'de deneme topraginin fiziksel ve
kimyasal 6zellikleri belirlenmistir.

Derinlik Kum Kil Silt Blinye EC H Kireg TK SN
(cm) (%) (%) (%) Sinifi (dSm™) P (%) (88”) (5g™)
0-20 32 49 19 C 0.83 7.51 25.6 0.322 0.201

Sulama suyunun ézellikleri: Arastirmada kullanilan
sulama suyu Firat Nehri’nin suyunu Ceylanpinar Ovasi’'na
ileten Mardin Ana Kanal'ndan alinmistir. Kullanilan

Denemede bor seviyelerinin hazirlanmasi icin borik asit
(H3BOs) ¢ozeltisi kullaniimistir. Borik asitten 100 ppm’lik
stok c¢ozelti hazirlandiktan sonra kanal suyu ile

sulama suyu bor icermemekte olup bazi kimyasal seyreltmeler vyapilarak farklh  konsantrasyonlarda
ozellikleri Cizelge 2'de verilmistir. ¢Ozeltiler olusturulmustur.
Cizelge 2. Sulama suyunun kimyasal 6zelikleri
EC Katyonlar (me I') Anyonlar (me I'}) Bor
dSm? pH ppm
Ca-Mg K Na Toplam HCOs cl SO, Toplam

0.354 3.2 0.02 0.08 33 1.9 1.1 0.3 3.3 7.45 0

Pamuk c¢esidi: Arastirmada, bitki materyali olarak tiim saksilar sulama suyu uygulanarak doyurulmustur.

Glneydogu Anadolu Bolgesinde yaygin olarak tercih
edilen Stoneville-468 pamuk c¢esidi kullaniimistir.
Stoneville-468 cesidi, yari tiylt olup su stresine direncli,
uzun stabil boyda ve bitki bicimi ise konik yapidadir. Orta
erkenci bir gesit olup, 100 tohum agirhig 9.6 g, lif
uzunlugu 28.0 mm, lif inceligi 4.7 micronaire, lif kopma
dayanikhhg 31.2 g/tex, koza kutli agirhg ise 4.8 g’'dir
(Harem, 2010).

Ziraat Fakiltesi AR-GE g¢alisma alaninda yiritllen bu
arastirmada, arazi islemlerine 25 Nisan 2017’de
baslanmis ve 27 Ekim 2017’de yapilan hasat ile arazi
calismalari tamamlanmistir.

Deneme saksilarinin  hazirlanmasi:  Arastirmada
kullanilan toprak materyalleri homojen nem seviyesine
getirildikten sonra 5 mm’lik elekten gegirilmistir.
Ardindan saksi basina 2 gram DAP glbresi disecek
sekilde DAP gtlibresi karistirilarak saksilara esit miktarda
toprak (21.8 kg) doldurulmustur. Arastirma slresi
boyunca, uygulanan sulama sularinin drene olabilmesi
amaciyla saksilarin alt bolgelerine 4-5 mm c¢apinda
delikler acilmis, her bir saksinin altina drene edilen suyun
toplanmasi icin saksi altliklari yerlestirilmistir. Ardindan
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Saksilarin tarla kapasitesindeki agirliklarini belirlemek
icin doyurulmus saksilardan besinin Ustli naylon ile
kapatilarak buharlasmanin 6niine gecilmis, saksilarin
altinda yer alan deliklerden su akisi takip edilmistir.
Saksilardan su akiginin kesilmesi ile saksilar tartilmis ve
boylece saksilarin tarla kapasitesindeki agirliklari 26 kg
olarak belirlenmistir.

Daha sonra saksi topraklarinin tava gelmesi ile her
saksiya 3 adet pamuk tohumu ekilmistir. Bitki ¢ikiglari
tamamlanip bitki boylarinin  5-7 cm ulasmasiyla
seyreltme yapilmis ve her bir saksida 1 bitki birakilmistir.
Ekimden hasada kadar saksi agirliklari takip edilerek
sulama zamanlari  ve sulama suyu miktarlari
belirlenmistir. Bitkiler, cikistan belirli bir buylklige
gelinceye kadar esit olarak kanal suyu ile sulanmis daha
sonra borlu su uygulamasina gegirilmistir.

Deneme konulari: Tesadif parselleri deneme deseninde
6 tekerrirlii olarak yirttilen bu arastirmada, biri kontrol
olmak lizere sulama suyunda 7 farkh bor konsantrasyonu
ele alinmistir (Cizelge 3). Kontrol konusu bor icermeyen
su ile sulanirken, diger konulara konu geregi olan
diizeyde bor iceren sular uygulanmistir.
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Cizelge 3. Deneme konulari

Konular Bor konsantrasyonlari (ppm)
Bo (kontrol) 0.0
B 1.0
Bas 2.5
Bs 5.0
B1o 10.0
Bis 15.0
B2o 20.0
Bas 25.0

Analiz ve degerlendirme yéntemleri: Deneme sliresince
bitkilerin  gelisimi  izlenmis, hasat olgunluguna
gelmeleriyle birlikte bitkiler kok hizasindan kesilerek
hasat edilmistir. Hasat edilen bitki 6rnekleri konulara
gore tartilip yas agirliklari alinmistir. Yas bitkiler Gzeri
delinen kese kagitlarina konularak 65 °C sicakliktaki
firinda sabit agirliga gelinceye kadar kurutulmus ve daha
sonra tartilarak kuru agirliklari belirlenmistir. Bitkilerdeki
tim kozalar toplanarak kalite analizleri yapilmistir.
Toprak ve su orneklerindeki tiim analizler Tizlner
(1990)’da belirtilen esaslara gore bitkide bor tayini ise
ICP cihazi ile yapilmistir. Arastirmadan elde edilen
verilerin varyans analizi icin Minitab programi
kullanilmistir. Denemedeki farkliliklarin belirlenmesinde
de Tukey testinden yararlaniimistir.

BULGULAR ve TARTISMA

Sulama uygulamalari: Sulama zamanlari ve sulama suyu
miktarlarinin  belirlenmesinde kontrol konusu (Bo)
dikkate alinmistir. Bu konuya ait deneme saksilarin
agirhiklart  sezon boyunca takip edilmis elverisli
kapasitenin yaklasik %50’si tiiketildikge sulama yapilarak
eksik nem tarla kapasitesine tamamlanmistir. Ancak,
ekimden 17 Haziran tarihine kadar olan doénemde
cikislarin ve bitki gelisiminin saghkli olmasi icin 7 kez
konusuz su uygulamalari yapilmistir. Bu sulamalar bor
icermeyen kanal suyu ile yapilmis olup saksi basina
toplam 12.0 litre su uygulanmistir.

Konulu uygulamalara ise 22 Haziran’da baslanmis ve 6
Ekim tarihine kadar devam edilmistir. Bu dénemde
yapilan 30 sulamada, her konuya ait hazirlanan bor
cozeltilerinden toplam 93.5 | saksi? sulama suyu
uygulanmistir. Pamuk yetisme sezonu boyunca 30'u
konulu olmak lzere toplam 37 kez sulama yapilmistir. Bu
sulamalarda her bir saksiya toplamda 105.5 litre su
uygulamistir.

Bitki boyu gelisimi: Arastirmadaki her bir deneme
konusundan 3’er bitki secilmis ve sezon boyunca secilen
bitkilerin boylari takip edilmistir. Arastirmada, konulara
uygulanan farkli bor ¢ozeltilerinin bitki boy gelisimine
etkileri Sekil 2'de gosterilmistir.

70
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Sekil 2. Bitki boylarinin gelisimi
Arastirma konularina farkh konsantrasyonda borun konunun ortalama bitki boyu 51.5 cm olarak

verilmesiyle beraber bitki boylarinda farklilasmalar
meydana gelmistir. ilk bor uygulamasinin yapilmasiyla
beraber bu farkhliklar olusmaya baslamis olup 6zellikle
14 Temmuz 2017 tarihinde B,s konusunda bu farkhhiklar
bariz olarak ortaya ¢ikmistir. En disik bitki boyu bor
uygulamasinin 25 ppm vyapildigi Bys konusunda
gerceklesmistir. Son sulamanin yapildig tarihte bu
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Olctlmaistir. Aydin’da Kaptan (2013) tarafindan, yapilan
bir arastirmanin sonuglari da sulama suyundaki yuiksek
bor konsantrasyonunun bitki gelisimini olumsuz
etkiledigini teyit etmektedir.

En ylksek bitki boyu ise bor uygulamasinin yapiimadigi
kontrol konusundan (Bo) elde edilmis ve son 6lgimin
yapildigi tarihte ortalama bitki boyu 63 cm olarak
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saptanmistir. Bitki boylarinin sulama suyundaki bor
diizeylerine bagh olarak orantili bir sekilde kisaldigi,
sulama suyundaki bor miktari arttikca, Ozellikle 5
ppm’den (Bs) sonra bitki lizerinde toksit etki olustugu
belirlenmistir. Borun daha az uygulandigi Bs, B,s ve Bs
konularinda vejetatif aksamlarini daha iyi gelistiren
bitkilerin oldugu gorilmustir. Diger bor konularinda

bitkilerin boy uzamasindan ziyade bogum aralarini kisa
tutup daha fazla c¢icek ve koza tutumu yaptigl
gozlemlenmistir.Pamuk bitkisinin hasada gelmesi ile
saksilarda bulunan bitkiler toprak seviyesinden kesilerek
hasat edilmistir. Hasat edilen bitkilerde ve saksi
topraginda bazi 6lgiim ve analizler yapilmis elde edilen
sonuclar Cizelge 4’de verilmistir.

Cizelge 4. Deneme konularina iliskin bazi tartim ve analiz sonuglari

Konular Yas agirlik Kuru agirlik Katla ag. Lif ag. Gigit Yaprakta Bor Toprakta

(g bitki?) (g bitki?) (g bitki?) (g bitki) (g bitki?) (ppm) Bor (ppm)
Bo 271ab* 141.4a 55.0a 24.8a 30.2a 180.2¢g 0.12f
B: 283a 138.4ab 55.9a 25.1a 30.8a 184.7fg 0.22f
Bas 261ab 134.6ab 54.7a 23.9ab 30.9a 209.8ef 0.27ef
Bs 243bc 126.5bc 52.0ab 22.5abc 29.5a 216.8de 0.41e
B1o 220c 118.6cd 49.2bc 21.0bcd 28.2ab 239.7d 1.09d
Bis 186d 111.2de 45.0cd 19.0cde 26.b 272c 1.71c
Bao 157de 100.1ef 40.5d 18.0de 22.5¢c 303.7b 2.49b
Bas 131e 91.4f 35.5e 15.6e 19.9¢ 393.1a 3.33a

F 62.51** 32.53** 57.30** 18.44%** 33.94** 131.02** 1138.4**

cv 7.89 6.54 5.01 9.29 6.34 6.12 7.26

*Gruplamalar Tukey testi (0.05) ile yapilmistir, ** p<0.01

Bitki yas ve kuru agirligi: Arastirma konularinin ortalama
bitki yas agirliklari 131 g ile 283 g arasinda degismistir.
Bor uygulamasi ile bitki yas agirligi dnce artmis, suda bor
konsantrasyonun artmasiyla yas agirlikta azalmalar
meydana gelmistir. Yapilan varyans analizi sonucu
sulama suyundaki bor konsantrasyonunun pamukta
biomasi %1 6nem seviyesinde etkiledigi saptanmistir.
Borun duslik konsantrasyonu besin elementi olarak
biomasda artis saglarken 2.5 ppm dizeyinden itibaren
toksik etki yaptigi gorlilmistlir. Konularin biomas
verimleri Tukey testi (0.05) ile karsilastirilmis olup ilk
grupta B; konusu yer alirken kontrol konusu onu takip
etmistir. Sulama suyu bor konsantrasyonundaki artisa
bagh olarak diger konular alt gruplarda yer almiglardir.
Farkh bitkilerle yapilan bircok arastirma da yiksek bor
dizeyinin bitki yas agirhgini olumsuz etkiledigini
bildirmektedir (Gilines ve ark., 2000; Lee, 2006;
Sotiropoulos ve ark., 2003; Ardig, 2006).

Sulama suyu bor icerikleri yas agirhiga benzer sekilde
kuru madde agirliklarini da etkilemistir. Sulama suyunda
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bor diizeyinin artmasiyla ters orantili olarak bitki kuru
agirliklarinda diislis meydana gelmistir. 1 ppm bor iceren
B; uygulamasi ile meydana gelen disis 6nemsiz iken
sulama suyundaki 2.5 ppm’lik bor yas agirligi olumsuz
olarak o6nemli dlzeyde etkilemistir. Sudaki bor
miktarinin artis ile bu olumsuz etki artarak devam
etmistir. 25 ppm bor uygulanan bitkilerin kuru agirliklari
kontrol konusuna gore %35 dusik olmustur. Borun bitki
gelisimine etkisini belirlemek amaciyla yapilan bazi
arastirmalarda benzer sonuglar bulunmustur. Ornegin
Brennan ve Adcock (2004), arpa bitkisinde yaptiklari
arastirmada yiksek bor konsantrasyonunun bitki kuru
maddesinde dislise neden oldugunu ifade etmislerdir.
Kiitlii, lif ve cigit verimi: Arastirmada sulama suyu bor
dizeyi ile katla, lif ve ¢igit verimleri arasinda 6nemli
diizeyde negatif yonde parabolik bir iliski s6z konusudur.
Determinasyon katsayisi (R?) katla, lif ve cigit
verimlerinin her ¢l i¢in de 0.99 olarak bulunmustur
(Sekil 3).
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Sekil 3. Sulama suyu bor igerigi ile kutld, lif ve ¢igit verimi iligkisi

Deneme konularinin kiitld, lif ve gigit verimleri sudaki bor
konsantrasyonundan negatif yonde etkilenmeleri
varyans analizine tabi tutulmus, analiz sonuglarina gore
konular arasinda %1 6nem seviyesinde dnemli farkhhklar
tespit edilmistir (Cizelge 4). 1 ppm bor uygulamasi bitki
basina kutli verimini bir miktar artirsa da en az bor
iceren 3 konu (Bo, Bi, B2s) ilk grupta yer almislardir.
Uygulanan bor miktarinin artmasiyla kiitli verimleri
azalmis B1 konusunda 55.9 g olan verim Bys konusunda
35.5 grama kadar dismstilr. Kaptan (2013)’de pamukta
ylrGattiglh arastirmada sulama suyundaki yliksek bor
iceriginin  kitld verimini dusUrdGgunt  bildirmistir.
Sulama suyundaki bor igeriginin lif agirliklarina etkisi
kiitli verim sonuglarina benzerlik gdstermistir. Bitkilere
az miktarda (1 ppm) bor uygulamasi istatistiki anlamda
onemli olmasa da lif verimini artirmistir. 1 ppm’den fazla
bor uygulanan konular uygulanan bor miktarina ters
oranti  olarak lif verimleri dismistiir. Deneme
konularinin ¢igit verimleri ise kiitli ve lif veriminden
farkli olarak 5 ppm bor diizeyine kadar 6nemli bir
farklilasma gostermemistir. Dahasi en yiksek gigit verimi
B.s konusundan elde edilmistir. Tukey gruplamasina
gore konular 4 ayri grupta yer alsalar da ¢igit veriminde
belirgin dislis 15 ppm dizeyinden itibaren baslamistir.

Cizelge 5. Pamuk kalitesine iliskin lif analiz sonuglari

Toprakta ve bitkide bor: sulama suyunda bulunan farkli
bor diizeyleri gerek toprakta gerekse bitki yapraklarinda
farkh miktarlarda bor birikmelerine neden olmustur. Bor
uygulanmayan Bo konusunda yapraklarin bor igerigi
180.2 ppm bulunurken, uygulanan bor diizeyi arttikca
yapraklarda da bor igeri artis gbstermis ve B,s konusunda
393.1 ppm dizeyine ulasmistir. Yaprak bor icerikleri
istatistiki olarak degerlendirildiginde konular arasinda
%1 6nem seviyesinde farklilik bulunmus, bunun izerine
yapilan Tukey testi sonucu denemede ele alinan 8
konunun ayri gruplarda yer almistir. Toprakta bor
birikimleri yaprakta bor birikimlerine benzerlik gésterse
de deneme konulari arasindaki farklar daha belirgin
olmustur. Oyle ki Bys konusunda toprakta biriken bor
miktari B, konusunun yaklasik 15 kati olmustur. Tanik
konudan itibaren uygulanan bor miktari arttikca
toprakta bor birikimi artis gosterse de 0Ozellikle B
konusundan itibaren belirgin artislar s6z konusudur.
Borun lif kalitesine etkisi: Arastirma sonucunda tek
bitkiden elde edilen lif miktarinin kalite analizi igin
yetersiz olmasi nedeniyle 6 tekerriirden elde edilen lifler
birlestirilerek bazi kalite analizleri yapilmis ve sonuglar
Cizelge 5’de verilmistir.

Lif inceligi Lif uzunlugu Lif mukavemeti

Konular (micronair) (mm) (g tex?)
Kontrol 3.51 30.5 34.8

B1 3.63 29.7 325

B2s 4.22 30.0 37.4

Bs 3.46 29.0 33.5

B1o 3.82 28.4 30.6

B1s 4.20 29.6 35.0

B2o 461 28.3 33.6

Bas 4.10 28.1 35.6
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Pamukta onemli kalite kriterleri lif inceligi, lif uzunlugu

ve lif mukavemetidir. Lif analizi sonuclari sulama
suyundaki yuksek bor konsantrasyonunun lifte
kalinlasmaya neden oldugunu dolayisi ile kalite

disikligine neden oldugunu gostermektedir. Yine
yliksek bor duzeyi, lif uzunlugunu da olumsuz
etkilemekte ve liflerin kisa olmasina yol agmaktadir.
Sulama suyundaki borun lif mukavemetinde ise belirgin
bir etkisi gdzlenmemistir.

Bu arastirmada 0 ppm’den 25 ppm’e kadar farkli
konsantrasyonlarda bor iceren sulama sularinin
pamugun gelisimine ve kalitesine etkisi arastiriimistir.
Arastirmanin sonuglarina gore birgok bitki igin toksik etki
yapacak bor igeren sulama sulari ile pamuk yetistiriciligi
yapilabilir. 5 ppm’e kadar bor iceren sulama suyu
pamukta katlda, lif ve ¢igit miktarini 6nemli diizeyde
etkilememistir. Daha yiksek bor diizeylerinde verim ve
kalite de bir miktar dislis meydana gelse de su
kaynaklarinin yetersiz oldugu kosullarda bor iceren sular
tarimda kullanilabilir. Ancak borun toprakta birikmesini
onlemek icin lretim sezonu sonunda toprakta yikama
yapilmalidir. Ayni zamanda, bor bir bitki besin elementi
oldugundan pamuk bitkisinin verimini ve kalitesini
artirmak icin disik miktarda bor iceren topraklara
sulama suyu ile 1 ppm bor verilmelidir.

OZET

Amag: Bor elementinin eksikligi bitki gelisimini olumsuz
etkilerken fazlahg da toksik etki yapmaktadir. Bu
¢alisma, farkli konsantrasyonda bor iceren sulama
sularinin, bora dayanakli bir bitki olan pamuk bitkisindeki
etkilerini belirlemek amaciyla yurttilmastir.
Yéntemler ve Bulgular: Arastirmada biri kontrol, yedisi
farkli bor konsantrasyonlari olmak tizere 8 ayri deneme
konusu (0, 1, 2.5, 5, 10, 15, 20, 25 ppm) ele alinmistir.
Deneme tesadif parselleri deneme deseninde ve alti
tekerrirll olarak yuratilmustir. Deneme siiresince bitki
gelisimi takip edilmis ve deneme sonunda borun bitki
boyu, yas agirhg, kuru agirhigi, lif kalitesi, yaprakta ve
toprakta biriken bor miktarina etkisi saptanmistir. Az
miktardaki bor  uygulamasinin  verimi artirdig
belirlenmistir. Sulama suyundaki bor igerigi pamugun,
boyunu, yas ve kuru agirhgini, lif ve ¢igit verimini 6nemli
diizeyde etkilemistir. Konulardan elde edilen bitki
boylari, yas agirliklari ve kuru agirliklari sirasiyla 51.5 cm
ile 63.0 cm, 131 g ile 283 g ve 55.97 g ile 86.37 gram
arasinda degismistir.

Genel Yorum: Sulama suyunun bor icerigindeki artis
bitkide ve toprakta bor birikmesine neden olmustur.
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Buna bagli olarak bitkinin gelismesini ve verimi olumsuz
yonde etkilemistir.

Calismanin Gnemi ve Etkisi: Su kaynaklarimizin yetersiz
olusunun yaninda suya olan talebin artisi bazi marjinal
sularin tarimda kullanilmasini zorunlu kilmaktadir. Bu
¢alismanin sonuglari bize, borlu sularin arastirma
sonuglarina uygun sekilde uygulandiginda sulama suyu
olarak kullanilabileceklerini géstermektedir

Anahtar kelimeler: Bor, pamuk, verim, kalite, gelisme
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Irrigation scheduling based on Crop Water Stress Index (CWSI) for cool and warm-season
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MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Makale tarihgesi / Article history: Aims: This study was conducted to determine irrigation scheduling based
Gelis tarihi /Received:09.10.2019 on the Crop Water Stress Index (CWSI) of cool (CS) and warm-season (WS)
Kabul tarihi/Accepted:16.12.2019 turfgrass species under subsurface-drip irrigation method.

Methods and Results: The field experiment was carried out during the
summer period of 2018 in the Agricultural Production and Research Centre

Keywords: (TURAM) of Silivri municipality, Istanbul-Turkey. Specific objectives were
Landscape irrigation, evapotranspiration, to measure actual evapotranspiration (ETc) values for both turfgrass types,
canopy temperature, water use efficiency, to compare their responses to different water levels, to determine CWSI
crop coefficient. values for both turfgrass species under different irrigation scheduling and

opportunity of using CWSI in irrigation timing, to compare ETc with
~ Corresponding author: A. Halim ORTA reference to evapotranspiration (ETo) calculated with five different
P<: horta@nku.edu.tr methods and to determine crop coefficient curve (kc) for experimental

conditions, and to focus on the crop growing and irrigation management
parameters under subsurface-drip irrigation method. Three irrigation
strategies [11:30%, 12:50%, and 13:70%) were tested in a split-plot
randomized complete block design with three replications. These
strategies corresponded, respectively, to 30%, 50% and 70% of total
available soil moisture depletion at 0-30 cm of the effective root zone and
returning soil moisture back to field capacity. The results indicated that
colour, quality, fresh yield, dry matter yield, irrigation water use efficiency,
water use efficiency, vegetation height and mowing were significantly
different in terms of irrigation strategies for both species. The most
appropriate irrigation strategies were 12:50% for CS and 13:70% for WS
turfgrass which corresponded to a CWSI of 0.47 and 0.45, respectively.
Conclusions: The amount of applied irrigation water in WS turfgrass was
53% less than in CS turfgrass. Actual evapotranspiration was 26% lower for
WS than for CS turfgrass.

Significance and Impact of the Study: These results obtained from the
experiments will help choosing of turf type and irrigation scheduling to
save water in urban areas.

Atif / Citation: Oncel CS, Todorovic M, Orta AH (2019) Irrigation scheduling based on Crop Water Stress Index (CWSI) for cool
and warm-season turf grass under subsurface-drip irrigation method. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :24-40

parameters for modelling or computing
evapotranspiration. In addition, methods based on crop
monitoring have become widely used, including
porometers, pressure chambers, etc. In general, these
approaches rely on direct contact with the crop;

INTRODUCTION

Irrigation scheduling methods are generally based on
measurement of soil water content or meteorological
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however, methods based on remote sensing, such as
infrared thermometers (IRTs), have become the
preferred methods for detecting crop water stress. This
remote sensing through measurement of a crop's
surface temperature can be accomplished with no
damage. The correlation between surface temperature
and water stress is based on the assumption that, as the
crop goes under water stress, the stomata close,
transpiration decreases and leaf temperature increases.
In practice, leaf/canopy temperature obtained by hand-
held IRTs could be used in the Crop Water Stress Index
(CWSI) method, defined by Idso et al., (1981). The idea
of CWSI is first to determine minimum water stress
(lower baseline) under well irrigated conditions,
maximum water stress (upper baseline) under rain-field
conditions and then periodically monitor leaf/canopy
temperature between the minimum and maximum
stress conditions with respect to water deficit.
Technically, lower baseline has been based on empirical
linear relationships between canopy-air temperature
difference (Tc-Ta) and vapour pressure deficit (VPD);
however, upper baseline depends on the (Tc-Ta). Ta and
VPD have been obtained in several ways, including use
of a psychrometer to get dry and wet bulb temperatures,
or use of other temperature and humidity measuring
devices and accompanying software built into an
infrared thermometer and data logging system.

Many studies have reported on determination of CWSI
for different turfgrasses. For example, (Jalali-Farahani et
al., 1994) reported that crop water stress index (CWSI)
values of Bermuda grass should be 0.16 to start irrigation
to maintain quality in Tucson, AZ. Similar CWSI value of
Bermuda grass, 0.15, was found by Bijanzadeh et al.
(2013) for maintaining quality of turfgrass in Shiraz Iran.
Also, (Emekli et al., 2007) suggested that, for good
quality, the CWSI value should be 0.10 to start irrigation
for Bermuda grass in Antalya Turkey.

The main purpose of this study was to determine
irrigation scheduling of warm-season and cool-season
turfgrass under subsurface-drip irrigation system in the
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western part of Turkey. Specific objectives are the
following: to measure actual ETc (crop
Evapotranspiration) values for both turfgrass species, to
compare cool and warm season turfgrass in the concept
of actual ETc and their response to different water levels,
to determine CWSI values for both turfgrass species
under different irrigation scheduling and opportunity of
using CWSlI in irrigation timing, to focus on crop growing
and irrigation management parameters under
subsurface-drip irrigation method.

MATERIAL and METHODS

The field experiment was carried out during the summer
period of 2018 in the Agricultural Production and
Research Centre (TURAM) of Silivri municipality,
Istanbul,-Turkey (41°03'N; 28°00’E; 46 m a.s.l.) (Figure 1).
Disturbed and undisturbed soil samples were taken from
soil layers at 30 cm depth of opened profile for
determining physical properties of soil such as texture,
bulk density, field capacity, wilting point, and some
chemical properties. Soil samples were taken according
to the specified principles in Blake, (1965) from soil
layers at 30 cm depth of 60 cm soil profile, and water
samples from pump and study areas were taken to
determine quality by Sodium Absorption Ratio (SAR) and
Electrical Conductivity (EC) parameters. Soil and water
samples were measured by Atatirk Soil And Water
Agricultural Meteorology Research Institute. Infiltration
rate was measured on-site using a double ring
infiltrometer. Necessary meteorological parameters
were measured by an automatic meteorological station
located just near the experimental field and manual
pluviometry in the field supported the station in terms
of precipitation. The amount of water evaporated was
measured by Class A pan. Ambient conditions of Class A
pan represented Case B as described in the FAO 56 (Allen
et al., 2006).
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Figure 1. View of the study area

Experimental Background

The experiment was designed in Split-Plots (SP) in a
Randomized Complete Block Design (RCBD) with three
replications. Main treatments were two different
species: Cool-Season (CS) turfgrass (10% Poa pratensis,
25% Festuca rubra var. rubra, 30% Lolium perenne, 35%
Festuca arundinacea) and Warm-Season (WS) (Cynodon
dactylon L. Pers.) turfgrasses. Sub-treatments were
three different irrigation strategies as a threshold
(11:30%, 12:50%, and 13:70%). These thresholds
corresponded, respectively, to 30%, 50% and 70% of
total available soil moisture depletion at 0-30 cm of the
effective root zone and returning soil moisture back to
field capacity (Figure 2). Each plot was 4 m? and there
was a gap of 2 m within blocks and plots in order to avoid
the side effects of seepage (Figure 3). Five laterals were
installed and each lateral had 6 emitters, that is to say,
30 emitters are per plot. The plots were irrigated at
nearly 10-15 cm depth by self-regulated in-line emitters
with flow rates of 2.3 litres per hour at an operating
pressure of more than 1 bar; emitter and lateral spacing
were determined by previous researchers as 0.40 m
according to emitter discharge and soil infiltration rate
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to wet all plot area (Figure 4). Moreover, nearly 30
minute intervals were applied into the irrigation
duration to let water infiltrate into the soil and to avoid
possible deep percolation at 30-60 cm depth; this
application is known as surge irrigation.

The soil water level was monitored daily in the middle
block by using a soil moisture profile probe (PR2/6, Delta
company, UK) with a soil moisture meter (HH2, Delta
company, UK) for 0.10, 0.20, 0.30, 0.40, and 0.60 m
depths during the whole growing season (May-August).
The soil water level was measured at nearly 9.00 a.m.
daily and, when necessary, the plots were irrigated
individually with their replications. Previous researchers
(Bezirgan, 2018;Ayanoglu, 2018) calibrated PR2/6 profile
probe by using the gravimetric method as described in
Blake, (1965) (Figure 5). The amount of soil water in the
0.30 m top layer was used to initiate irrigation.
Evapotranspiration for a 10-day period was calculated
based on results of only the PR2/6 by applying the water
balance method to the upper 0.60 m soil layer
(Heerman, 1985). Thanks to this approach, possible deep
percolation could be monitored at 30-60 cm for trustable
calculation of actual crop evapotranspiration.
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Figure 5. Calibration curve of PR2/6 Soil Moisture probe and its equation (Bezirgan, 2018; Ayanoglu, 2018)

Determination of Yield Characteristics, Irrigation Water
Use Efficiency (IWUE) and Water Use Efficiency (WUE)

The warm-season turfgrass and cool-season turfgrass
were mowed according the suggestion of one-third (}4)
of canopy height (Kopec & Umeda, 2015) by rotary
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mower when they reached approximately 9-11 cm and
14-16 cm height, respectively, leaving nearly 5-6 cm
vegetation height on the ground for both species after
mowing (Figure 6).

After the mowing process, samples from each plot were
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taken and weighed as fast as possible by digital scale to
find fresh yield before taking Dry Matter Yield samples.
Results were expressed in gm_Z(Brede & Duich, 1984;
Avcioglu, 1997).

The most desirable turfgrass may be the species,
varieties, cultivars that grow slowly while being always
green, reducing environmental requirements such as
irrigation, fertilizers, maintenance, etc. and tending to
decrease dry matter yield. Possible correlation between
dry matter yield and irrigation requirement of turfgrass
was investigated. After mowing the grasses,
approximately 500 g samples from each plot were
collected and stored in paper bags. These were placed in
a greenhouse to remove excess water from foliage and
then dried at 78°C for 24 hours in a blight chamber, after
which they were weighed by sensitive scale (Figure 7).
Results were expressed by percentage (Brede & Duich,
1984; Avcioglu, 1997). Percentage (%) values were
transformed to angle or aspect (arcsiny/%) by using
specially prepared tables for that conversion in order to
apply the variance analysis and make interpretation
statistically (Yurtsever, 1984); these values which were
normally distributed after transformation.

Quality parameters of density, frequency, coverage and
weed activity were observed for each plot and were
evaluated periodically with a 1 to 9 scale (1: poor, 6:
acceptable, 9: excellent)(Brede & Duich,
1984);(Avcioglu, 1997).

Each plot was evaluated periodically for colour of the
crop within a 1 to 9 scale (1: yellow, 9: bottle green)
(Brede & Duich, 1984; Avcioglu, 1997).

Water use efficiency (WUE) and irrigation water use
efficiency (IWUE), which are fundamental criteria for
comparing irrigation methods or evaluating any
irrigation scheduling, can be expressed as a unit water
utilization rate. Water use efficiency (WUE) is defined as
grain yield (Y, gm™2) divided by water use (ET, ; Crop
Evapotranspiration, mm) during the growing season
(Aydinsakir et al., 2013) while irrigation water use
efficiency (IWUE) is defined as the ratio of fresh yield of
irrigated turfgrass (Y, gm™2) and the amount of
irrigation water (I, mm) applied throughout the season
(zhang & Owesis, 1999).

Data were analyzed with a Split-Plot with three
replications in a Randomized Complete Block Model
using software package “Jump 5.0.1”. Treatment means
such as Colour (Cr) and Quality (Qy), Vegetation Height
and Mowing (VHM), Fresh Yield (FY) and Dry Matter Yield
(DMY), Irrigation Water Use Efficiency (IWUE) and Water
Use Efficiency (WUE) were compared using “LSmean
student's t” test at P=0.05 if they were significant in the
analysis of variance (P<0.05{*} or P<0.01{**}).
Measurement and observations such as reliability of
Non-water-stress-baseline  (NWSB) equation was
analysed by t-test methodology at P=0.01{**} or
P=0.05{*}.

[ Sew .

30.05.2018 S

Figure 6. A mowing process for Warm-Season turfgrass and Cool-season turfgrass from left to right
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Figure 7. Dry Matter Yield application

Crop Water Stress Index (CWSI)

CWSI was calculated according to (Idso et al. 1981) using
canopy temperature (Tc). This was determined using a
hand-held IRT (Model 574 precision, Fluke Corporation,
Washington, USA) with a 3° field view and equipped with
an 8-14 um spectral band-pass filter. Air temperature
and vapour pressure deficit (VPD; kPa) were taken daily

from an automatic meteorological station. The IRT was
operated with emissivity adjustment set at 0.98. The IRT
data collection was initiated on 1% July (DOY 182) and
ended on 15™ August (DOY 227) in the growing period
for each plot. The canopy temperature for each plot was
measured per hour of solar noon time (11:00 a.m. to
02:00 p.m.) at four cardinal directions
(North, East, South, and West) under clear sky
conditions (Figure 8, Figure 9). The lower baseline (Non-
stress) was determined based on the well-irrigated plots
(11:30%) for both species. Without supplying water
regularly to turfgrass under the hottest conditions of
summer, they can’t survive. For this reason, there is no
treatment in this study that is a non-irrigated plot;
however, two small plots were established separately on
30" June for both species for determining the upper
baseline (fully stressed) (Figure 10). Their dimensions are
50 cm x 50 cm at nearly 15 cm depth. They were
measured daily per hour of extended time (10.00 a.m. to
04.00 p.m.) and measurements of upper baseline were
finished on 9th July (DOY 190). At the end, two figures
were prepared for both species for the calculation of
Crop Water Stress Index (CWSI) values.

e o
& 12.07.2018

B

12.07.2018
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Figure 8. IRTs measurement under a clear sky at four cardinal directions in a plot for sub-treatment (12:50%) of cool-
season turfgrass while determining the NWSB.

12.07.2018

12.07.2018

Figure 9. IRTs measurement under a clear sky at four cardinal directions in a plot for sub-treatment (12:50%) of
warm-season turfgrass while determining the NWSB.
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RESULTS and DISCUSSION

Soil, Water and Study Area

The soil of the experimental field at 0-30 and 30-60 cm
depth was Clay-Loam (CL) [mid-heavy]. The soil of the
area was a deep profile, no shallow underground water
table in 1 m depth, and available soil moisture at 30 cm
effective root zone of turfgrass was 41.03 mm.
Saturation was nearly a half percentage and bulk density
was 1.64 g cm™1. The electrical conductivity (EC) of
irrigation water was 555.7 pScm™! and the sodium
absorption rate was 1.72, which was classified as C251
according to US Salinity Laboratory (US Salinity
Laboratory Staff, 1954). The slope varied between 2%-
7% from east to west.

Amount of Applied Irrigation Water,
Evapotranspiration (ETc), Yield Characteristics,
Irrigation Water Use Efficiency (IWUE) and Water Use
Efficiency (WUE), Crop Water Stress Index (CWSI)

At the end of the study, it was very clear for both
turfgrass species that maximum evapotranspiration
(ETc) in the growing period had occurred in the 11:30%
treatment because of enough water application; on the
other hand ETc was minimum in the 13:70% treatment
because of water stress (Table 1). In other words, much
water created much consumption.

Colour (Cr) and Quality (Qy), Vegetation Height and
Mowing (VHM), Fresh Yield (FY) and Dry Matter Yield
(DMY), Irrigation Water Use Efficiency (IWUE) and Water
Use Efficiency (WUE), and Crop Water Stress Index
(CWSI) could be taken into consideration to decide the
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Figure 10. IRTs measurement for determining the WSB of Warm-season and Cool-season turfgrass from left to right
respectively under a clear sky and soil preparation of Warm-season turfgrass

proper irrigation scheduling for turfgrass (Table 2).
Concerning CS turfgrass, the highest water consumption
and the most frequent mowing were obtained by CS-
11:30% treatment. In addition, CS-11:30% showed the
darkest green colour, the densest texture, higher
resistance to broad-leaf weeds, and the highest FY and
DMY. However, the IWUE and the WUE were inefficient.
Contrarily, the CS-12:50% treatment required less water
consumption and irrigation water. In case of landscape
areas, although CS-11:30% treatment will provide a good
visual quality, it will cost in terms of fuel and labour,
which is not the case of CS-12:50% treatment that can
provide good quality with less cost. Concerning the WS
turfgrass, the different irrigation levels or sub-
treatments did not affect significantly the quality
parameters as in the case of CS turfgrass. The WS-13:70%
treatment which had less number and quantity of
irrigation provided good visual appearance, with more
WUE and IWUE. In the case of cool-season turfgrass, the
CS-12:50% treatment was irrigated 15 times, which is
309.9 mm, and leads to an actual ETc of 550.6 mm during
the growing period (Figure 11). However, in the case of
warm-season turfgrass, the WS-13:70% treatment was
irrigated seven times, 143.0 mm, and resulted in 404.9
mm of actual ETc (Figure 12).

Non-Water-Stress baselines with their equations based
on treatments (CSI1:30% and WSI1:30%) and Maximum
stress baselines of Cool-season and Warm-season
turfgrass based on little plots are given in Figure 13 and
Figure 14, respectively. The CWSI values were calculated
for the period of 01.07.2018 (DOY: 182)-15.08.2018
(DOY: 227) based on those figures for both species with
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their sub-treatments. The means of CWSI values were
calculated according to the peak CWSI values for all
treatments and the results are given in Figure 15. During
the measurement period, CWSI values showed a
variation within 0.17 and 0.75. In other words, WS-
11:30% treatment resulted in the smallest value; in spite
of that, CS-13:70% treatment resulted in the greatest
value throughout the period. When separately
evaluated, CWSI values for Cool-Season (CS) turfgrass

species ranged from 0.21 to 0.75, and corresponding
values for Warm season turfgrass (WS) species were 0.17
and 0.45. The CWSI result of CS-12:50% treatment is
given in Figure 16 and WS-13:70% treatment in Figure 17.
Arrows in the figures indicate only the timing of irrigation
application at the CWSI values which peaked before
irrigation application.

Table 1. Total number of irrigations, total amount of irrigation water, rainfall, seasonal evapotranspiration for

treatments
Treatment Sub-Treatments Numbgr of Irrigat'ion water Rainfall Seasonal evapotranspiration
irrigation applied (mm) (mm) (mm)
11:30% 24 345.9 635.9
CS 12:50% 15 309.9 550.6
13:70% 10 245.3 186.2 462.0
11:30% 22 302.2 543.1
WS 12:50% 13 266.4 492.3
13:70% 7 143.0 404.9
Table 2. Determination of Yield Characteristics and IWUE&WUE
Determination of Yield Sub-Treatments Main Treatments
Characteristics (&) WS Mean
Colour (Cr) 11:30% 8.98a 6.03c 7.50a
12:50% 7.85b 6.03c 6.94b
13:70% 5.98cd 5.90d 5.84c
Mean 7.60a 5.99b 6.79
Quality (Qy) 11:30% 8.30b 9.00a 8.65a
12:50% 7.10c 9.00a 8.05b
13:70% 6.03d 8.96a 7.49¢
Mean 7.14b 8.98a 8.06
Vegetation height(VHM) 11:30% 15.60 a 10.90d 13.25a
12:50% 14.00b 10.97d 12.48b
13:70% 12.97c 9.90e 11.43c
Mean 14.19a 10.59b 12.39
Fresh Yield (FY) 11:30% 488.33 d 1200.00 a 844.17 a
12:50% 461.00 e 1161.00b 811.00 b
13:70% 428.00 f 1043.67c 735.83 ¢
Mean 459.11b 1134.89 a 797.00
Dry Matter Yield (DMY) 11:30% 34.8c 41.3a 38.0a
12:50% 27.6e 36.7b 32.1b
13:70% 22.5f 31.4d 269c
Mean 28.3b 36.4a 32.3
Irrigation Water Use Efficiency 11:30% 1.41e 3.97c 2.69d
(IWUE) 12:50% 1.48ed 4.35b 2.92b
13:70% 1.74d 7.46 a 4.60 a
Mean 1.54b 5.26a 3.40
Water Use Efficiency (WUE) 11:30% 0.77 f 2.21c 149¢c
12:50% 0.84e 2.36b 1.60b
13:70% 0.93d 2.57 a 1.75a
Mean 0.84b 1.75a 1.61

LSD P=0.05 t=2.22814

Levels not connected by the same letter are significantly different.
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Figure 11. Soil moisture level at 0-30cm depth before irrigation application for CS-12:50%.
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Figure 12. Soil moisture level at 0-30cm depth before irrigation application for WS-13:70%.
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Figure 13. Graphical depiction of the non-water-stressed baseline equation and MAX baseline for CS-11:30%.
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Figure 14. Graphical depiction of the non-water-stressed baseline equation and MAX baseline for WS-11:30%.
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Figure 15. Average values of CWSI for all treatments during the measurement period.
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Figure 16. CWSI values of CS-12:50% and soil moisture variation during the July and August.
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Figure 17. CWSI values of WS-13:70% and soil moisture variation during the July and August.

Crop Coefficient (Kc)

Daily and seasonally obtained actual evapotranspiration
(ETc) and reference evapotranspiration values (ETo)
during the study for Cool-season turfgrass (CS) and
warm-season turfgrass (WS) are given in Table 3.
Reference evapotranspiration values were calculated for
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ten day periods by Jensen-Haise (JH), Penman FAO
modification (P-FAQ), Penman-Monteith FAO
modification (PM-FAQ), modified evaporation method
Class A Pan by FAO (A-FAO), and Blaney-Criddle (BC)
methodologies. The average of daily ETc values based on
energy balance method were obtained from each sub-
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treatment for CS and WS. Crop Coefficients (kc) were
calculated as the ratio of ETo and ETc for the growing
period (Table 3).

Three assessments were used to determine the
appropriate ETo method for the region. The first
assessment was based on the sum of squares of the
differences (SS) between values of the measured actual
evapotranspiration and values of the reference
evapotranspiration using the estimated equations. The
second evaluation was Seasonal ETc Coverage Rate %
(CRgr:) where the closest value to 100% was chosen.
Third consideration was correlation values (r) between
measured evapotranspiration and calculated reference
evapotranspiration (ORTA, 1994). The criteria are given
in Table 4. Crop coefficient results were evaluated as the
distribution of kc values lower at the beginning, higher in
the middle of study and lower at nearly the end of the
irrigation period, and the seasonal mean crop coefficient
(kc) was also evaluated as the closest value to 1,0 as was
suitable.

JH and P-FAO methods gave the lowest value of Sum of
Squares difference (SS) and the other methods gave
much higher SS values when comparing with the values
based on JH and P-FAO methods for both species (CS and
WS). If the second evaluation (CRgp.) was followed, it
can be easily seen that JH and P-FAO, PM-FAO, A-FAO,
BC offered closest ETc coverage relations (CRgr.) for CS
while only JH and P-FAO offered the closest relationship
and the other methods; PM-FAO, A-FAO, BC could offer
a better estimation for WS. The third evaluation
indicated that BC was the method that had the highest
correlation values for both species. The lowest
correlation values appeared in A-FAO and JH methods
for CS and WS, respectively. On the other hand, JH and
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P-FAO methods gave similar results to BC for CS, but the
same relation could not be said for WS. After mowing, JH
and P-FAO offered a suitable distribution for kc during
the growing period for both species while the other
methods could not. When the last criterium was
checked, JH and P-FAO offered the closest seasonal kc
mean to 1.0 for CS, while all methods offered the same
difference to 1.0 for WS. Firstly, JH and P-FAO offered
the lowest SS for CS and secondly, their correlations
were high enough that could be chosen, parallely their
seasonal ETc coverage rate were enough while seasonal
mean distribution kc during growing period were also
disturbed well as required and the results of seasonal
mean kc had also close to 1.0. Although lowest
correlations appeared in JH and P-FAO for WS, their SS
values were the lowest values among methods and not
only SS criteria were suitable and also seasonal ETc
coverage rate was also close to 100% while seasonal
mean kc were closest to 1.0 and their distributions were
more suitable than other methods.

JH and P-FAO were the most suitable methods to
estimate reference evapotranspiration in the Marmara
region for both species. In addition, kc graphs were
prepared for chosen methods (JH and P-FAQ) and their
equations were tested statistically by t-test for reliability
of the equations (Figure 18, Figure 19). Both methods
found statistical significance at the p<0.01 and they took
double asterisks for specifying. Moreover, correlations
between found/measured kc and calculated kc by
equation were the highest values among all methods.
This supported the selected methods as being right for
CS and WS.
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Table 3. Measured actual evapotranspiration and calculated reference evapotranspiration values.

Calculated reference evapotranspirations

Measured
Main- by different methods
Period Evapotranspiration
treatments (ETo) [mm d~1]
(ETc) [mm d~1]
JH P-FAO PM-FAO A-FAO BC
10.05-20.05 3.9 3.9 4.1 4.3 4.1 4.1
20.05-31.05 3.8 3.8 3.4 4.2 3.2 3.8
31.05-10.06 4.1 3.9 4.1 6.0 6.1 53
10.06-20.06 4.7 4.3 4.0 5.7 5.6 6.1
20.06-30.06 4.8 3.9 4.6 4.5 4.3 4.2
cs 30.06-10.07 4.9 4.2 4.1 54 6.8 6.1
10.07-20.07 5.1 4.0 4.1 5.6 5.2 6.3
20.07-31.07 4.6 4.1 3.9 5.2 3.5 4.8
31.07-10.08 4.5 4.8 4.9 6.1 6.4 6.8
10.08-20.08 5.2 4.8 5.5 6.2 6.2 7.2
20.08-31.08 51 4.9 51 5.7 5.6 5.5
Seasonal ETc 520.7 479.4 494.1 604.0 581.8 616.1
10.05-20.05 3.6 3.9 4.1 4.3 4.1 4.1
20.05-31.05 3.6 3.8 34 4.2 3.2 3.8
31.05-10.06 3.7 3.9 4.1 6.0 6.1 5.3
10.06-20.06 4.4 4.3 4.0 5.7 5.6 6.1
20.06-30.06 4.2 3.9 4.6 4.5 4.3 4.2
WS 30.06-10.07 4.2 4.2 4.1 5.4 6.8 6.1
10.07-20.07 4.2 4.0 4.1 5.6 5.2 6.3
20.07-31.07 4.1 4.1 3.9 5.2 3.5 4.8
31.07-10.08 3.7 4.8 4.9 6.1 6.4 6.8
10.08-20.08 4.2 4.8 5.5 6.2 6.2 7.2
20.08-31.08 4.0 4.9 51 5.7 5.6 5.5
Seasonal ETc 450.9 479.4 494.1 604.0 581.8 616.1
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Table 4. kc crop coefficients and crop coefficient equations for estimating reference crop evapotranspiration.

Main- da%:r'cr;ﬁrh?;e kc
treatments o rted, T J-H P-FAO P-M A-FAO B-C
10.0 1.0 0.9 0.9 0.9 0.9
21.0 1.0 1.1 0.9 1.2 1.0
31.0 1.0 1.0 0.7 0.7 0.8
41.0 1.1 1.2 0.8 0.8 0.8
51.0 1.2 1.0 1.1 1.1 1.1
61.0 1.2 1.2 0.9 0.7 0.8
71.0 1.3 1.2 0.9 1.0 0.8
CS 82.0 1.1 1.2 0.9 1.3 1.0
92.0 0.9 0.9 0.7 0.7 0.7
102.0 1.1 0.9 0.8 0.8 0.7
113.0 1.0 1.0 0.9 0.9 0.9
Seasonal Mean 1.1 1.1 0.9 0.9 0.9
kc=-7E- kc=-7E- ke=-1E- kc=-6E- kc=1E-05T2-
Equation ~ 05T2+0.0089T+ 05T2+0.0088T+ 05T2+0.0012T+  0.6T2+9E-  0.0028T+0.981
0.8818 0.8818 0.8511 05T+0.9538 4
Correlation 0.70 0.64 0.12 0.10 0.33
10.0 0.9 0.9 0.8 0.9 0.9
21.0 0.9 1.0 0.9 1.1 0.9
31.0 1.0 0.9 0.6 0.6 0.7
41.0 1.0 1.1 0.8 0.8 0.7
51.0 1.1 0.9 0.9 1.0 1.0
61.0 1.0 1.0 0.8 0.6 0.7
71.0 1.0 1.0 0.7 0.8 0.7
S 82.0 1.0 1.0 0.8 1.2 0.9
92.0 0.8 0.8 0.6 0.6 0.5
102.0 0.9 0.8 0.7 0.7 0.6
113.0 0.8 0.8 0.7 0.7 0.7
Seasonal Mean 0.9 0.9 0.8 0.8 0.8
kc=-6E- ke=-7E- ke 1E-05T2- kc=-7E-06T2-  kc=-8E-06T 2-
Equation  05T2+0.0066T+ 05T 2+0.0064T+ SE.osTs0.g16y 0-0011T+0.913 0.0035T+0.932
0.8557 0.8563 8 6
Correlation 0.65 0.55 0.25 0.10 0.32
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Table 5. Decision criteria to choose the suitable estimation method (ETo) for the region.

. Sum of Squares  Seasonal ETc Coverage Rate Correlation
Main-Treatment Methods
(SS) % (CRerc) (r)
JH 3.1 92.1 0.61
P-FAO 3.0 94.9 0.63
() PM-FAO 9.7 116.0 0.56
A-FAO 14.9 111.7 0.49
BC 16.0 118.3 0.68
JH 2.7 106.3 0.18
P-FAO 54 109.6 0.24
WS PM-FAO 25.1 133.9 0.30
A-FAO 29.2 129.0 0.26
BC 35.3 136.6 0.41
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Figure 18. Crop coefficient curve (kc) of the Jensen-Haise (JH) Method and Penman FAO Modification (P-FAQ)
Method for Cool-Season turfgrass (CS)
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Figure 19. Crop coefficient curve (kc) of the Jensen-Haise (JH) Method and Penman FAO Modification (P-FAO)
Method for Warm-Season turfgrass (WS)

CONCLUSIONS

Results from experiments suggest a recommended
irrigation nearly every five days when approximately
Results from experiments suggest a recommended
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irrigation nearly every five days when approximately
50% of the total available soil moisture at 30 cm depth is
consumed (12:50%) for cool-season turfgrass, and
irrigation nearly every 14 days when approximately 70%
of total available soil moisture at 30 cm depth is
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consumed (I13:70%) for warm-season turfgrass. The
amount of applied irrigation for warm-season
turfgrasses was 53% less than for cool-season
turfgrasses, and 26% less in terms of ETc. At this
scheduling, CWSI values of 0,47 and 0,45, could be used
as a threshold to start irrigation for CS and WS,
respectively. These values could also be adapted to
automatic pressurized irrigation systems with an
infrared thermometer, either handheld or mounted for
golf courses and gardens in the municipality. The most
suitable reference evapotranspiration (ETo) methods
were Jensen-Haise (JH) and Penman-FAO modification
(P-FAQ) for both species. In addition, crop coefficient (kc)
curve was prepared based on those methodologies.
Thanks to kc graphs, irrigation application can be
managed in detail during the growing period.
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Ana Urun, bugday + Il. Grin yerfistiginda farkl toprak isleme yontemlerinin meyve verimi, yakit tiketimi ve
ekonomik yonden karsilastiriimasi
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Aims: This study was carried out for compared different soil tillage main
crop peanut and wheat + second crop peanut in Cukurova Region. The
study was conducted in Alata Horticultural Research Institute Directorate
in the field of cultivation in 2015-2016 growing periods with three
replications according to randomized block experiment design. With this
purpose; four different tillage systems were applied.

Methods and Results: In the peanut two-year study; main crop of fruit
yield values changed between 433.10 kg/da and 548.66 kg/da, while
second crop of fruit yield values changed between 267.06 kg/da and
338,88 kg/da. The main crop and second crop different soil tillage methods
of the highest fruit yield level was determined 209.78 kg / ha, while the
lowest fruit yield level was determined 164.99 kg / da. Main crop of fuel
consumption values changed between 33.33 |/ha and 63.80 I/ha, while
second crop of fuel consumption values changed between 34.92 |/ha and
62.48 |/ha. The main crop and second crop different soil tillage methods of
the highest fuel consumption level was determined 2,09 |/ha, while the
lowest fuel consumption level was determined 0.2 I/ha.

Conclusions: As a result were determined positive effects different soil
tillage main crop and second crop peanut on yield and fuel consumption.
Significance and Impact of the Study: The monetary values of soil tillage
methods have been presented with economic comparison. The most
positive effect in terms of yield, fuel consumption, production in put cost
and income was determined in T1 (conventional soil tillage) and T2
(reduced soil tillage) tillage methods.
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GIRIS

Yerfistigl (Arachis hypogaea) Giliney Amerika kokenli,
baklagiller familyasindan, tek yillik, yagh tohumlu bir
kiltdr bitkisidir. Gerek insan gidasi, gerek hayvan yemi
ve gerekse topragl azot yoniinden zenginlestirmesi
bakimindan ¢ok 6nemli bir yag bitkisidir. Diinya’ da ve
Tirkiye’ de yetisen vyerfistiklari Virginia, Spanish ve
Valencia olmak Ulzere baslica ¢ grupta toplanmakta,

Ulkemizde Virginia menseli yari yatik formlu yerfistiklari
agirlik kazanmaktadir (Akova, 2000).

Tirkiye’ de 2017 yilinda yerfistigl ekim alani yaklasik
419.495 da olup Uretim ise 165.330 ton olmustur.
Yerfistigr ekim alanlarinin illere gbre dagilimina
bakildiginda Adana 236.399 da alan ile birinci sirada yer
alirken, Osmaniye 132.605 da alan ile ikinci sirada yer
almaktadir. Yerfistigi Gretiminin %59.15’i Adana ilinde
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gerceklesirken, %30,34'U ilinde
gerceklesmektedir (TUIK, 2018).

Yerfistigindaki % 25-36 oranindaki protein degeri ve bu
proteinlerdeki aminoasitlerin kolay sindirilebilir 6zellikte
olmasi (Kadiroglu, 2008), c¢erezlik kalitesinin de
ylkselmesini saglar. Tohumlari K, Ca, Mg, P, Fe ve S gibi
maddeler ile ayrica A, B (niasin, inozitol vs.) ve E
(tokoferol) gibi vitaminlerce de olduk¢a zengindir
(Woodroof, 1983).

Yerfistig1 yetistiriciliginde iklim ve sulama probleminin
yasanmadigi yerlerde, en dnemli konu topragin yapisidir.
Baklagiller familyasinda yer almasina karsin, meyvelerini
toprak icinde meydana getirmesi nedeniyle toprak
isleme blylk Onem tasimaktadir. Yerfistiginda cicek
dollendikten sonra yumurtalilk uzayarak ginoforu
olusturur ve bu ginoforlar toprak icerisine girerek
kapsill toprakta gelistirir. Sayet toprak agir yapih killi
ozellige sahipse ginoforlarin topraga giris yapmasi
zorlasir. Eger uygun toprak isleme yontemi kullaniimazsa
kapsillerin topraktan sokilmesi zorlasir ve hasat
kayiplari artar. Bu durum da vyerfistiginin verimini
etkilemektedir.

Yerfistigl gibi tarla bitkilerinin yetistirildigi arazilerde
UrGnde basari elde etmek igin 6ncelikle tohum ekimine
en uygun toprak isleme yonteminin belirlenerek iyi bir
tohum yataginin hazirlanmasi gerekmektedir.
Kullanilacak toprak isleme yontemleri toprak biinyesine,
toprak islemeden ©nce hasat edilen bitkiye, ekimi
yapilacak bitkiye ve mevcut mekanizasyon varligina gore
degismektedir. Bununla birlikte, gelisen ¢evre bilinci,
ekonomik Uretim talepleri ve enerji kullaniminda
tasarrufa gitme zorunlulugu nedeniyle son vyillarda,
Dinya’ da ve Tirkiye’ de toprak islemede kokli
degisiklikler yapilmaya baslanmistir (Aykas ve ark.,
2009).

Toprak isleme, tarimsal (Gretimin sdrdirdlebilir
olmasinda 6nemli bir rol oynamaktadir. Makul kullanilan
toprak islemenin tarimsal ({retimin artirilmasi ve
toprakla ilgili sorunlardan kaginmanin oOnemli bir
temsilcisi oldugunu, uygun olmayan toprak islemenin ise
su ve c¢evre kirlenmesi ve topragin bozulmasina neden
olacagl ifade edilmistir. Ayrica, toprak isleme
sistemlerinin verimlilik Uzerine etkileri kisa sureli
olmakta iken toprak, su ve hava kalitesi lzerine uzun
sureli etkileri olmaktadir. Toprak islemenin Gretim
sisteminin surdurulebilirligi Gzerine etkisi toprak tipi,
iklim, UGriin ve amenajman faktorlerine baghdir (Gajri ve
ark., 2002).

Tarimsal Giretimde, cogunlukla temel amag olarak verim
ve Uretimin artirlmasina 6nem verilmistir. Bunlarin
yaninda; Grin  kalitesinin iyilestirilmesi, Uretim
girdilerinin azaltilmasi, dogal kaynaklarin korunmasi,

Osmaniye
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cevresel faktorler, ekonomik Uretim ve sirdirilebilir
tarimda ilgi gormektedir. Bu ylizden sirdirilebilir tarim
ve koruyucu toprak isleme geleneksel toprak islemeye
gore Uretim masraflarint 6nemli  bir  sekilde
azaltmasindan o6tlri artan bir sekilde ilgi gormektedir
(Sessiz ve ark., 2008).

Toprak isleme yontemleri, tarimi yapilan kiltir bitkisinin
istekleri ile yorenin iklim kosullari ve toprak 6zelliklerine
bagli olarak degismektedir. Bu vyizden; belli iklim
kosullari altinda bir bélgede ¢ok iyi sonuclar verebilen bir
toprak isleme yontemi, diger iklim kosullari ve bitki
tdrleri icin olumsuz sonuglar verebilir (Okursoy, 2002).
Geleneksel toprak isleme yonteminde tarla trafigi yogun
olmakta, toprak erozyonu artmakta, topragin fiziksel
ozellikleri bozulmakta, topragin organik karbonu
azalmakta ve yakit tilketimi de yiiksek olmaktadir. Yogun
Uretim sistemi altinda toprak islemede su, besin ve ener;ji
kullaniminda yiksek bir faaliyet saglamak icin ek ¢abalar
sarf edilmektedir. Tarimsal Uretimde ki yogunluktan
dolayr girdi kullanimi yikselmekte ve mekanizasyon
ihtiyaci artmaktadir. Kullanilan tiim girdiler Gretimde
artis saglamasina ragmen, cevresel bozulmalara sebep
olmaktadirlar. Tarimsal Uretimin sdrdirdlebilirligini,
yogun tarim olumsuz etkilemektedir. Bu sebeplerden
dolayi, cevre kalitesini olumsuz etkilemeyen veya
koruyan bir amenajman sistemi gelistirilmelidir (Gajri ve
ark. 2002).

Tarimsal Uretimde harcanan enerjinin biyik kismi
toprak isleme uygulamalarinda kullanilmaktadir. Diger
isletmelerde oldugu gibi tarimsal isletmelerde de en az
girdi ile en fazla gelirin elde edilmesi amaglanmaktadir.
Fakat geleneksel toprak isleme yontemlerinin eneriji girdi
maliyetlerinin yiksek olmasi ve aniz yakmanin zararlari,
aran yetistirmede farkl toprak isleme ydntemlerinin
denenmesi gerektigini gdstermektedir (Karaagag ve ark,
2007).

Azaltilmis ve koruyucu toprak isleme yontemlerinde,
toprak erozyonu sorunu, topraktaki mevcut nemin
buharlasarak azalmasi, kiresel Isinmaya katkida bulunan
sera gazlarinin topraktan salinarak atmosfere karismasi,
toprak sikismasi sorunu ve yakit tliketiminin artisi gibi
sakincalarin en aza indirilmesi s6z konusudur (Kasap ve
ark, 2013).

Marakoglu ve ark. (2010); Konuklar Tarim isletmesinde
2007-2009 yillarinda yirittikleri galismada, nohutta en
buyik enerji ¢ikti/girdi oraninin 2 ile geleneksel Toprak
isleme ybnteminden elde edildigini belirlemislerdir.
Bunu sirasiyla 1.81 ile azaltilmis toprak isleme
yonteminin, 0.87 ile dogrudan ekim + herbisit
yonteminin ve 0.205 ile dogrudan ekimin izledigini
belirlemislerdir.
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Polat ve ark. (2011); Eskisehir’ de 2008 yilinda yaptiklari
calisma sonucunda nohutta geleneksel toprak islemede
tane veriminin 85 kg/da, birim alana disen uretim
maliyetinin 129.20 TL/da, birim nohut agirhgina karsi
gelen Uretim maliyetinin 1.52 TL/kg ve talep edilen Griin
fiyatinin 1.82 TL/kg oldugunu belirlemislerdir. Nohutta
toplam Uretim maliyetinin 13.80 TL/da’inin toprak
isleme ve ekimden, 3.41 TL/da’inin bakim islemlerinden,
28.66 TL/da’ inin hasat-harmandan, 56.45 TL/da’inin
cesitli girdilerden ve 26.86 TL/da’inin ise ortak
giderlerden kaynaklandigini belirtmislerdir.

Bu calismada Cukurova Bolgesinde ana (irlin yerfistigi ile
bugday + II. Uriin yerfistiginda farkli toprak isleme
yontemlerinin karsilastirilmasi amaglanmistir.

MATERYAL ve YONTEM
Materyal

Arastirma, Alata Bahge Kiltlrleri Arastirma Enstitis
Madarlugld Tarsus Toprak ve Su Kaynaklari Kampdsi

Cizelge 1. Deneme alani toprak ozellikleri

arazisinde vydratilmustidr. Bu enstiti Ali faki koyu
yolunun 4. km’ sinde kurulu 36° 55' kuzey enlemi 34° 55
dogu boylaminda olup, denizden yiiksekligi 12 m'
sindedir. Arastirmanin vyiritiilecegi deneme alani
koordinatlari  36°53’41.24”  kuzey enlemi ve
34°57’34.55"” dogu boylaminda yer almaktadir.

Deneme alani toprak ézellikleri

Deneme alani topraklarinin degisik yerlerinden 0-30 cm
derinliklerden alinan bozulmus toprak 6rneklerinde
kimyasal analizler yapilmis, analiz sonuglarina gore
ekimle birlikte 20 kg/da olarak 18-46-0 kimyevi glibresi
uygulanmistir (Arioglu 1990). Deneme alani topraklarinin
bazi kimyasal ve fiziksel 6zelliklerini belirlemek igin
alinan toprak ornekleri, Enstiti laboratuvarinda analiz
edilmistir (Cizelge 1.). Toprak analiz sonuclarina goére
deneme alani topraklarinin saturasyonu %60, toplam
tuzu %0.018, pH degeri 7.9, kireg icerigi %14.45 ve
organik maddesi 1.36 ‘dir (Cizelge 1).

Derinlik Saturasyon Toplam . o K20 P20s Organik
(cm) (%) PH Tuze) ¥ ke/da) (kg/da)  Madde (%) ™
0-30 60 7.9 0.018 14.45 145.90 1.09 1.36 Killi Tinh

Deneme alani iklim 6zellikleri

Bolgede tipik Akdeniz iklimi gorulir. Cukurova ve
Toroslarin yakin eteklerinden olusan kiyl kesiminde
yazlar sicak ve kurak, kislar ilik ve yagishidir. Yorenin uzun
yillar iklim degerleri incelendiginde; Alata Bahge
Kiiltirleri Arastirma istasyonu Midiirliigii Toprak ve Su
Kaynaklari Kampiisi Meteoroloji istasyonu iklim
verilerine gore; yorenin yillik yagis ortalamasi 598,5 mm’
dir. En ¢ok yagis alan aylar Kasim, Aralik ve Ocak aylari,
en az yagis alan aylar ise Haziran, Temmuz, Agustos ve
Eyltl aylaridir. Toplam yagisin % 54.2'si kis aylarinda
olmaktadir. Yagisin blyiik bolimi yagmur seklindedir.
Yillik sicaklik ortalamasi 18 °C’ dir. En sicak aylar Haziran,
Temmuz, Agustos ve Eylil aylari, en serin aylar, Aralik,
Ocak, Subat ve Mart aylaridir. En sicak ay ortalamasi
(Agustos) 27 °C, en soguk ay ortalamasi (Ocak) 8,8 °C’ dir.
Uzun yillar nisbi nem ortalamasi % 70.9’dur. Nisbi nem
Agustos ayinda % 75.7 ortalama degeri ile en yiksek
degere ulasmistir.

Bitki Cesidi
Calisma, Alata Bahge Kiiltlrleri Arastirma Enstitlsi
Midarlaginin  Tarsus Toprak ve Su Kaynaklari
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Lokasyonu arazisinde vyurutilmuistir. NC-7 vyerfistig
cesidi  kullanilmistir.  Yerfistigi cesitleri icerisinde
Ureticinin yaklagik %95’ inin kullandigi bir gesit olup, yari
yatik ile yatik arasinda bir gelisme formu gostermektedir.
Olgunlasma gilin sayisina gore degerlendirildiginde orta
erkenci olup, 140-160 gin igerisinde olgunlasma
doénemini tamamlamaktadir. Cerezlik tiiketime uygun
olup, verimi 350-450 kg/da olarak degismektedir.

Yéntem

Deneme tesadif bloklari deneme desenine gore 50
m parsel uzunlugunda 4 sirali ekim yapilacak sekilde ve 4
tekerrirli olmak UGzere, ana Uurin ve ikinci Grin
kosullarinda yaratilmustdr (Sekil 1). Sira arasi 70 cm, sira
Uzeri, 15 cm olacak sekilde yerfistigi ekimi yapilmistir.
Ekim, Gzerinde yerfistigi tohumunun ekimine uygun ekici
plakalar bulunan kombine pnomatik tek dane ekim
makinasi ile yapilmistir. Nisan ayinin son haftasinda
yapilan ana urin ekiminde dekara 9 kg tohum olacak
sekilde pnomatik tek dane ekim makinasi normu
ayarlanmistir (Kadiroglu, 2008). ikinci iriin ekimi ise &n
bitki (bugday) hasadindan hemen sonra haziranin ilk
haftasi dekara 9 kg tohum olacak sekilde yapiimistir.
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Uygulanan toprak isleme yontemleri;

T1: Geleneksel toprak isleme (Kulakh pulluk+ diskli
tirmik+ tirmik + ekim)

T2: Azaltilmis toprak isleme (Rototiller+ ekim)

T3: Azaltilmis toprak isleme(Cizel + goble diskaro + ekim)
T4: Sirta ekimdir (Pulluk+ diskli tirmik + lister + sirt tapani
+ ekim).

Ayni giin laboratuvara getirilen toprak 6rnekleri gélgede
hava kurusu olacak bigimde kurutulmus ve 2 mm’lik
elekten gegcirilerek analize hazir hale getirilmistir.
Topraklarin toplam ¢6ziinebilir tuz icerikleri saturasyon
¢amuru ekstraktinda elektiriksel iletkenlik ve pH
degerleri ise pH metre aletinde 6l¢lilmistiir (Richards,
1954). Kire¢ (CaCOs) igerikleri Scheibler kalsimetresi ile
Olglilmastir (Allison ve Moodie, 1965). Biinye
hidrometre yontemi ile belirlenmistir (Bouyoucos, 1952).
Topraklarin yarayisli B miktarlari 0.01 M mannitol + 0.01
M CaCl, ekstrakti ¢ozeltisi kullanilarak elde edilen
stzikte ICP-OES cihazi kullanilarak belirlenmistir
(Cartwright ve ark., 1983). Toprak verilerine normalik
testi yapilmis ve buna gore o6zellikleri ile yarayisl bor
icerigi arasindaki korelasyon ve regresyon analizleri SPSS
17 istatistik programinda yapilmistir (Dizglines ve ark.,
1987).

T1 \ T2 \ T3 \ T4
T4 \ T3 \ T1 \ T2
T3 \ T1 \ T4 \ T2

Sekil 1. Arastirma alani deneme deseni

Toprak isleme yodntemleri verim, yakit tiketimi ve
ekonomik yonden karsilastiriimistir. Verim her parselin
orta iki sirasindaki bitkilerin tamami hasat edilip ve
parsel veriminden gidilerek dekara meyve verimi kg/da
olarak hesaplanmistir.

Yakit tliketimi; “Tamamlama Yontemi” kullanilarak
OlgUlmastir.

Yontemlerin ekonomik analizlerinin yapilmasinda toprak
isleme ve ekim sistemlerinde kullanilan tarim
makinalarinin kiralama bedelleri dikkate alinarak birim
alan basina toplam giderleri belirlenmistir.

Yakit gideri ise asagidaki formille hesaplanmistir
(Gikman ve ark. 2009).

Toplam Yakit Gideri(TL/h): Saatlik yakit tiketimi(l/h)*
Birim Yakit fiyati(TL/L)

Birim alan  basina  toplam  gelirlerin  (gikti)
belirlenmesinde ise ydontemlerin meyve verimleri ile
meyvelerin yoredeki ortalama satis fiyati kullaniimigtir.
Elde edilen verilerin analiz edilmesinde jump istatistiksel
paket programi kullanilmistir. Calisma sonucunda
uygulamalarda elde edilen sonuglar varyans analizi ile
coklu karsilastirma (LSD) testine tabi tutulmustur.

BULGULAR ve TARTISMA

Verim (kg/da)

Deneme uygulamalarindan elde edilen 1. ve 2. yil ile 2
yihin ortalamasi (bilesik) olan ana drin ve ikinci Grin
yerfistigl meyve verimine iliskin varyans analiz sonucu
onem duizeyleri ve LSD ¢oklu karsilastirma testi sonuglari
Cizelge 2’de verilmistir. Cizelge 2’de varyans analiz
olasihk degerlerine bakildiginda 1. yil ve iki yilin
ortalamasinin (bilesik) toprak isleme yontemlerinin ana
drin yerfistigl meyve verimi Uzerine etkisi istatistiki
olarak %1 dizeyinde 6nemli oldugu, 2. yil ise %5
diizeyinde 6nemli oldugu belirlenmistir. ikinci Griin
yerfistiginin varyans sonuglariincelenirse; 2. yil ve iki yilin
ortalamasinin (bilesik) toprak isleme yontemlerinin
meyve verimi (zerine etkisi istatistiki olarak %1
diizeyinde 6nemli oldugu, 1. yil ise %5 diizeyinde 6nemli
oldugu belirlenmistir.

Cizelge 2. Yillar itibariyle toprak isleme uygulamalarinin yerfistigi meyve verimleri (kg/da) varyans analizi ve LSD ¢oklu

karsilastirma testi sonuglari

2015 ana iiriin 2016 ana iiriin A';"’:‘:I';‘z"\‘lz:'i‘:'k 2015 IL. iiriin 2016 II. iiriin 'L:;I‘::\Z'ﬁ::k
Verim (kg/da Verim (kg/da Verim (kg/da Verim (kg/da
(kg/da) (kg/da) (kg/da) (kg/da) (kg/da) (kg/da)
Varyzzz::a"z P 0.0093** 0.0294* 0.0066** 0.0290* 0.0075%* 0.0002**
T 488.09 a 571.43 ab 529.76 a 335.71a 32857 a 329.76 a
T2 478.56 ab 576.19 a 527.37 a 330.95ab  347.62a 341.66 a
13 457.14 428.57 442.85b 309.52 ¢ 257.14 b 283.33b
T4 466.65 bc 471.43 be 469.03 b 316.67bc  285.71b 301.19b
LSD(0.05) 14.76 102.91 51.58 16.99 42.81 20.50

P<0.01( ** %1 duzeyinde 6nemli) P<0.05 (* %5 dlzeyinde 6nemli)
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Ana Urln yerfistiginda ¢alismanin 1. yilinin varyans analiz 335.71 kg/da ile T1 yonteminden, ikinci yil ise 347.62

sonuglarini incelersek toprak isleme ydntemlerinin kg/da ile T2 yonteminden elde edilmistir. En dusuk
meyve verimi Uzerine etkisi istatistiki olarak %1 meyve verimleri ise her iki yilda da T3 yonteminden elde
diizeyinde onemli bulunurken, 2. yil %5 dizeyinde edilmistir. Toprak isleme yontemlerinin yerfistigi meyve
onemli bulunmustur. En ylksek yerfistigi meyve verim verim degerlerine etkisine % fark yonlinden bakildiginda;
degerleri LSD ¢oklu karsilastirma testine gore; ilk yil en yliksek meyve verimi degerinin alindigl yontem ile en
488.09 kg/da ile T1 yonteminden, ikinci yil ise 576.19 disik meyve verim degerinin alindigl yéntem arasinda
kg/da ile T2 yonteminden elde edilmistir. En dusuk meyve verim farki yaklasik olarak sirasiyla; ilk yil % 8,
meyve verimleri ise her iki yilda da T3 yénteminden elde ikinci yil % 26 oldugu tespit edilmistir. iki yilin ortalamasi
edilmistir. Toprak isleme yontemlerinin yerfistigi meyve olan verim degerleri igin yapilan varyans analizi
verim degerlerine etkisine % fark yoniinden bakildiginda; sonuglarina bakildiginda; toprak isleme ydntemlerinin
en ylksek meyve verimi degerinin alindigl yontem ile en ikinci yerfistigi meyve verimi Uzerine etkisi istatistiki
disiik meyve verim degerinin alindigl yontem arasinda olarak %1 diizeyinde 6nemli bulunmustur. En yiksek
meyve verim farki yaklagik olarak sirasiyla; ilk yil %6, meyve verim degerinin 341.66 kg/daile T2 yonteminden,
ikinci yil %25 oldugu tespit edilmistir. Tim vyillarin en dusik meyve verim degerinin ise 283.33 kg/da ile T3
ortalama  (bilesik) varyans analiz  sonuclarina yonteminden elde edildigi belirlenmistir. En yliksek
bakildiginda; toprak isleme yontemlerinin ana Uriin meyve verim degeri ile en disiik meyve verim degeri
yerfistigl meyve verimi lizerine etkisi istatistiki olarak %1 arasinda yaklasik olarak % 17 oraninda fark olusmustur.

diizeyinde 6nemli bulunmustur. En ylksek meyve verim
degerinin 529.76 kg/da ile T1 yonteminden, en dusik Yakit tiiketimi (I/ha)

meyve verim degerinin ise 442.85 kg/da ile T3 Ana Urdn ve ikinci Griin yerfistigl yakit tiketimine iliskin
yonteminden elde edildigi belirlenmistir. En ylksek varyans analiz sonucu 6nem dizeyleri ve LSD c¢oklu
meyve verim degeri ile en disliik meyve verim degeri karsilastirma testi Cizelge 3’ de verilmistir. Cizelge 3’ de
arasinda yaklasik olarak % 16 oraninda fark olusmustur. verilen varyans analiz sonuglarina bakildiginda; ana Griin
ikinci Griin yerfistiginda calismanin 1. yilinin varyans ve ikinci Urin yer fistig1 parsellerinde toprak isleme
analiz sonuclarina gore toprak isleme yontemlerinin yontemlerinin yakit tiiketimi Gzerine etkisinin 1. yil, 2. yil
meyve verimi Uzerine etkisi istatistiki olarak %5 ve iki yilin ortalamasi dikkate alindiginda istatistiki olarak
diizeyinde oOnemli bulunurken, 2. yil %1 dizeyinde %1 diizeyinde dnemli oldugu belirlenmistir.

onemli bulunmustur. En yiksek yerfistigi meyve verim
degerleri LSD ¢oklu karsilastirma testine gore; ilk yil

Cizelge 3. Yillar itibariyle toprak isleme uygulamalarinin yerfistigi yakit tiiketimi (I/ha) varyans analizi ve LSD ¢oklu
karsilastirma testi sonuglari

Ana iiriin bilesik 2015 IL. iiriin 2016 I1. iiriin 1. Giriin bilesik

analiz Yakit tiik. Yakit tiik. (I/ha)  Yakit tiik. (I/ha) analiz Yakit tiik.

2015 ana iiriin 2016 ana iiriin
Yakit tiik. (I/ha) Yakit tiik. (I/ha)

(1/ha) (1/ha)
VaryansanalizP ) 51 v 0.001%* 0.001%* 0.001%* 0.001%* 0.001%*
degeri
T1 57.48 b 53.86 b 55.67 b 55.81b 51.73b 53.77b
T2 34,96 d 33.20c 34.08 d 34.73d 31.47d 33.09d
T3 38.75¢ 36.66¢c 37.71c 38.60c 33.87c 36.23c¢c
T4 65.89 a 59.33a 62.61a 65.52 a 58.13 a 61.82a
LSD (0.05) 1.78 3.80 1.87 1.51 1.67 1.00
P<0.01( ** %1 duzeyinde 6nemli)
Ana Urlin yerfistiginda ¢alismanin 1. ve 2. yilinin varyans I/ha ile her iki yilda da T2 yénteminden elde edilmistir.
analiz olasilik degerlerini incelersek toprak isleme Tum yillarin ortalama (bilesik) varyans analiz olasilik
yontemlerinin yakit tlketimi {zerine etkisi istatistiki degerine bakildiginda; toprak isleme yontemlerinin ana
olarak %1 dlizeyinde onemli bulunmustur. En yliksek aran yerfistigl yakit tiketimi Gzerine etkisi istatistiki
yakit tiketimi degerleri LSD ¢oklu karsilastirma testine olarak %1 dizeyinde onemli bulunmustur. En yiiksek

gore; ilk yil 65.89 I/ha ile T4 yénteminden, ikinci yil da yakit tiketimi degerinin 62.61 I/ha ile T4 yénteminden,
59.33 I/ha ile T4 yonteminden elde edilmistir. En dislk en disik yakit tiketimi degerinin ise 34.08 I/ha ile T2
yakit tuketimi degerleri ilk yil 34.96 I/ha, ikinci yil 33.20 yonteminden elde edildigi belirlenmistir.
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ikinci Griin yerfistiginda ¢alismanin 1. ve 2. vyillarinda degerinin ise 33.09 I/ha ile T2 yénteminden elde edildigi
toprak isleme yontemlerinin yakit tliketimi Gzerine etkisi belirlenmistir.

istatistiki olarak %1 dizeyinde 6nemli bulunmustur. En

yuksek yakit tiiketimi degerleri; ilk yil 65.52 I/ha ile T4 Ekonomik analizler

yonteminden, ikinci yil da 58.13 I/ha ile T4 yénteminden Bolge kosullarinda ana riin ve ikinci Grlin yerfistigi farkli
elde edilmistir. En dislk yakit tiiketimi degerleri ilk yil toprak isleme uygulamalarinin ekonomik analizinde
34.73 |/ha, ikinci yil 31.47 |/ha ile her iki yilda da T2 Uretim girdi maliyetleri ve Urlin birim satis fiyatlari esas
yonteminden elde edilmistir. Tim vyillarin ortalama alinmistir.  Ekonomik analizde tarla kirasi dikkate
(bilesik) varyans analiz olasilik degerine bakildiginda; alinmamustir. 2015 ve 2016 yillari ana Uriin ve ikinci Griin
toprak isleme yontemlerinin ikinci Grin yerfistigl yakit yerfistig toprak isleme ve ekim yontemlerine gore, birim
tiketimi Uzerine etkisi istatistiki olarak %1 diizeyinde alan basina elde edilen ekonomik degerler Cizelge 4 ve
onemli bulunmustur. En ylksek yakit tiiketimi degerinin Cizelge 5’ de verilmistir.

61.82 |/ha ile T4 yonteminden, en dusuk yakit tiketimi

Cizelge 4. Ana Urin yerfistiginda farkl toprak isleme yontemlerine gore ¢ikti/girdi oranlari (2015)

GIiRDI Birim fiyati (TL/da) T1 (TL/da) T2 (TL/da) T3 (TL/da) T4 (TL/da)
Bitkisel tretim + isgilik 750 750 750 750 750
Kulakh pulluk+ diskli tirmik+ tirmik (T1) 22.8 22.8

Rototiller (T2) 13.6 13.6

Cizel + goble diskaro (T3) 15.2 15.2

Pulluk+ diskli tirmik + lister + sirt tapani (T4) 26.3 26.3
GIRDI TOPLAMI 772.8 763.6 765.2 776.3
VERIM 488.09 478.56 457.14 466.65
Yerfistig satis fiyati (TL/kg) 3 3 3 3 3
Cikti toplami 1464.27 1435.68 1371.42 1399.95
CIKTI/GIRDiI 1.89 1.88 1.79 1.80

(Bitkisel Gretim + isgilik = tohum, giibre, sulama, ilaglama, bakim isleri )

Cizelge 4’de goriildagi gibi en yiksek Grlin maliyeti disuk gelir (¢ikt1) ise T3 yonteminden (1371.42 TL/da)
(girdi) T4 yonteminden (776.3 TL/da), en distk urin belirlenmistir. Cikti/Girdi oranlari incelendiginde, en
maliyeti (girdi) ise T2 yonteminden (763.6 TL/da) elde yuksek oran T1 yonteminden (1.89), en dusiik oranise T3
edilmistir. En yluksek gelir (cikt1) T1 (1464.27 TL/da), en yonteminden (1.79) elde edilmistir.

Cizelge 5. Ana Urin yerfistiginda farkl toprak isleme yontemlerine gére cikti/girdi oranlari (2016)

GIiRDI Birim fiyati (TL/da) T1 (TL/da) T2 (TL/da) T3 (TL/da) T4 (TL/da)
Bitkisel Uretim + isgilik 820 820 820 820 820
Kulakh pulluk+ diskli tirmik+ tirmik (T1) 21.2 21.2

Rototiller (T2) 13.2 13.2

Cizel + goble diskaro (T3) 14.4 14.4

Pulluk+ diskli tirmik + lister + sirt tapani (T4) 23.6 23.6
GIRDi TOPLAMI 841.2 833.2 834.4 843.6
VERIM 571.43 576.19 428.57 471.43
Yerfistigi satis fiyati (TL/kg) 3.4 3.4 3.4 3.4 3.4
Cikt1 toplami 1942.86 1959.04 1457.13 1602.86
CIKTI/GiRDi 2.30 2.35 1.74 1.90

(Bitkisel Gretim + iscilik = tohum, giibre, sulama, ilaglama, bakim isleri )

Cizelge 5'de en vyiksek drin maliyeti (girdi) T4 (cikt1) ise T3 yonteminden (1457.13 TL/da) belirlenmistir.
yonteminden (843.6 TL/da), en dusiuk Grin maliyeti Cikti/Girdi oranlari incelendiginde, en yiksek oran T2
(girdi) ise T2 yonteminden (833.2 TL/da) elde edilmistir. yonteminden (2.35), en disik oran ise T3 yonteminden
En yiksek gelir (¢ikt1) T2 1959.04 TL/da), en duslk gelir (1.74) elde edilmistir
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Cizelge 6. Bugday ekonomik analiz tablosu (2015)

GIRDI TUTAR (TL)
Toprak isleme ve ekim 27.42
Bakim isleri 5.35
Hasat —harman - tasima 14.57
Cesitli girdiler 113.90
GIiRDi TOPLAMI 161.24
Verim (kg/da) 475
Yan Urin geliri (TL/da) 40
Bugday satis fiyati(TL/kg) 0.78
Cikt1 Toplami 370.5
CIKTI/GIRDi 2.29
Cizelge 7. ikinci iriin yerfistigl ekonomik analiz tablosu (2015)
GiRDI Birim fiyati (TL/da)  T1 (TL/da) T2 (TL/da) T3 (TL/da) T4 (TL/da) |
Bitkisel tretim + isgilik 750 750 750 750 750
Kulakli pulluk+ diskli tirmik+ tirmik (T1) 22.3 22.3
Rototiller (T2) 13.8 13.8
Cizel + goble diskaro (T3) 15.44 15.44
Pulluk+ diskli tirmik + lister + sirt tapani (T4) 26.2 26.2
GIiRDI TOPLAMI 772.3 763.8 765.4 776.2
VERIM 335.71 330.95 309.52 316.67
Yerfistig satis fiyati (TL/kg) 3 3 3 3 3
Cikti toplami 1007.13 992.85 928.56 950.01
CIKTI/GIRDI 1.30 1.30 1.21 1.22
Cizelge 6’daki bugday vyetistiriciliginde girdi toplami Cizelge 8de Bugday + ikinci Griin yerfistiginda farkl

161.24 TL/da, ¢ikti toplami ise 370.5 TL/da olarak
belirlenirken, Cikti / girdi orani 2.29 olarak tespit
edilmistir. Cizelge 7’de ikinci Uriin yerfistiginda farkli
toprak isleme ydntemlerinin ekonomik analizinde ise
girdi toplami 763.8 TL/da ile 776.2 TL/da arasinda, ¢ikti
toplami ise 928.56 TL/da ile 1007.13 TL/da arasinda
degismistir. Cikt1 / girdi orani en yiiksek 1.30ile T1 ve T2
toprak isleme yontemlerinde belirlenmistir.

Cizelge 8. Bugday + ikinci Uruin yerfistiginda farkli toprak
isleme yontemlerinin girdi/cikti oranlar

Bugday

+Toprak - -
isleme Girdi(TL/da) GCikti(TL/da) Cikti/Girdi
Yontemler

Bugday + T1 933.54 1377.63 1.47
Bugday + T2 925.04 1363.35 1.47
Bugday + T3 926.64 1299.06 1.40
Bugday + T4 937.44 1320.51 1.41
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toprak isleme yontemlerinin birlikte yapilan ekonomik
analiz sonucunda girdi ve cikti miktarlarinin degerleri
parasal olarak ifade edilmistir. En ylksek girdi 937.44
TL/da ile bugday + T4 uygulamasindan elde edilirken, en
diustk girdi ise 925.04 TL/da ile bugday + T2
uygulamasindan belirlenmistir. En ylksek girdi / cikti
oranlari ise 1.47 ile bugday + T2 ve bugday + T1
uygulamalarindan elde edilmistir.

Cizelge 9. Bugday ekonomik analiz tablosu.(2016)

GIiRDI TUTAR (TL)
Toprak isleme ve ekim 27.82
Bakim isleri 5.53
Hasat — harman - tagima 16.66
Cesitli girdiler 125.98
GIRDI TOPLAMI 175.99
Verim (kg/da) 475
Yan Urln geliri (TL/da) 40
Bugday satis fiyati(TL/kg) 0.81
Cikti Toplami 384.75
CIKTI/GIRDI 2.18
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Cizelge 10. ikinci Giriin yerfistigi ekonomik analiz tablosu (2016)

GiRDI Birim fiyati (TL/da) T1 (TL/da) T2 (TL/da) T3 (TL/da) T4 (TL/da)
Bitkisel tretim + isgilik 820 820 820 820 820
Kulakl pulluk+ diskli tirmik+ tirmik (T1) 20.6 20.6

Rototiller (T2) 12.5 12.5

Gizel + goble diskaro (T3) 13.5 13.5

Pulluk+ diskli tirmik + lister + sirt tapani (T4) 23.2 23.2
GIRDI TOPLAMI 840.6 832.5 833.5 843.2
VERIM 328.57 347.62 257.14 285.71
Yerfistig satis fiyati (TL/kg) 34 34 34 34 34
Cikti toplami 1117.13 1181.90 874.27 971.41
CIKTI/GIiRDi 1.32 1.42 1.05 1.15

Cizelge 9’daki bugday yetistiriciliginde girdi toplami
175,99 TL/da, cikti toplami ise 384.75 TL/da olarak
belirlenirken, Cikti/ girdi orani 2.18 olarak tespit
edilmistir. Cizelge 10’da ikinci. Grlin yerfistiginda farkli
toprak isleme yontemlerinin ekonomik analizinde ise
girdi toplami 832.5 TL/da ile 843,2 TL/da arasinda, cikti
toplami ise 874.27 TL/da ile 1181.90 TL/da arasinda
degismistir. Cikt1 / girdi orani en ylksek 1.42 ile T2 toprak
isleme yontemi belirlenmistir.

Cizelge 11. Bugday + Il. Grlin yerfistiginda farkli toprak
isleme yontemlerinin girdi/cikti oranlar

Bugday

+Toprak Lo Lo
. Girdi(TL/da) Cikti(TL/da) Cikti/Girdi
Isleme

Yontemler

Bugday + T1 1016.59 1501.88 1.48
Bugday + T2 1008.49 1566.65 1.55
Bugday + T3 1009.49 1259.02 1.24
Bugday + T4 1019.19 1356.16 1.33

Cizelge 11’de Bugday + ikinci Urin yerfistiginda farkh
toprak isleme yontemlerinin birlikte yapilan ekonomik
analiz sonucunda girdi ve ¢ikti miktarlarinin degerleri
parasal olarak ifade edilmistir. En yiiksek girdi 1019.19
TL/da ile bugday + T4 uygulamasindan elde edilirken, en

dusik girdi ise 1008.49 TL/da ile bugday + T2
uygulamasindan belirlenmistir. En ylksek girdi / cikti
orani ise 1.55 ile bugday + T2 uygulamasindan

saptanmistir.

Yapilan degerlendirmeler sonucunda ana rin ve
Bugday + ikinci Urln kosullarinda vyetistirilen NC-7
yerfistigi cesidinde; verim ve vyakit tiketimi gibi
parametrelerden elde edilen veriler icin analizler ve
degerlendirmeler yapilmistir. Ana (irlin ve bugday + ikinci
Urinde vyillar itibariyle toprak isleme uygulamalarinin
yerfistigl meyve verimine etkisi %1 diizeyinde dnemli
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bulunmustur. En yliksek meyve verimleri istatistiksel
olarak ayni grupta yer alan T1 (Kulakh pulluk+ diskli
tirmik+ tirmik + ekim) ve T2 (rototiller + ekim)
yonteminden elde edilmistir. En dlisik meyve verimleri
ise T4 (pulluk + diskli tirmik + lister + sirt tapani + ekim)
yonteminden elde edilmistir. Ana Uriin ve Bugday + ikinci
ikinci  Grinde  yillar itibariyle toprak isleme
uygulamalarinin yerfistigi yakit tiiketimine etkisi %1
diizeyinde 6nemli bulunmustur. En yiiksek yakit tiiketimi
degerleri T4 yonteminden elde edilirken, en diisik yakit
tiketimi degerleri T2 yonteminden elde edilmistir. Enerji
kullanimi dikkate alindiginda T4 (pulluk + diskli tirmik +
lister + sirt tapani + ekim) toprak isleme yonteminin yakit
tiiketimi, T2 (rototiller + ekim) azaltilmis toprak isleme
yonteminin yakit tiketiminin neredeyse 2 kati kadar
oldugu tespit edilmistir.

Ana Urdn yerfistiginda 2015-2016 yillarinda ydritilen
calismada yapilan ekonomik analiz sonuglarina gore;
Uretim girdi maliyeti ve elde edilen gelir (¢ikti) ydoniinden
karhhgin birinci yil T1, ikinci yil T2 toprak isleme
yonteminde bulundugu gorilmustar.

Bugday + ikinci Urin yerfistiginda 2015-2016 yillarinda
yuratilen calismada yapilan ekonomik analiz sonuglarina
gore; Uretim girdi maliyeti ve elde edilen gelir (¢ikti)
yoniinden birinci yil T1, ikinci yil T2 toprak isleme
yonteminde bulundugu gorilmustar.

Ana Urin ve bugday + ikinci Grlin yerfistiginda farkli
toprak isleme yontemlerinin verim ile yakit tiketimi
Uzerine olumlu etkileri belirlenmistir. Ana Urin ve
bugday + ikinci Griin yerfistiginda farkh toprak isleme
yontemlerinin ekonomik yénden yapilan karsilastirilma
ile Gretim girdi maliyeti ve elde edilen gelirin parasal
degerleri ortaya konulmustur. Bu sonug¢ dogrultusunda
ana Urlin ve bugday + ikinci yerfistigl yetistiriciliginde
T1(Kulakh pulluk+ diskli tirmik+ tirmik + ekim), T2
(rototiller + ekim) toprak isleme yéntemlerinin verim,
yakit tiuketimi ve ekonomik analiz yoniinden
onerilebilecegi belirlenmistir.
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OzZET

Amag: Bu calismada Cukurova Bolgesinde ana Uriin
yerfistigl ile bugday + ikinci Urin yerfistiginda farkh
toprak isleme yontemlerinin karsilastiriimasi
amaglanmistir. Calisma, Alata Bahge Kiltirleri Arastirma
Enstitisi Mduduarligt deneme alaninda 2015-2016
yetistirme doénemlerinde tesadif bloklari deneme
desenine gore (g tekerrirli olarak yuratilmistir. Bu
amagla 4 farkl toprak isleme yéntemi kullaniimustir.
Yontemler ve Bulgular: Yerfistiginda yuritmis
oldugumuz iki yil siiren ¢alismada; ana Urin farkl toprak
isleme yontemlerinin etkisi ile meyve verimi 433.10 —
548.66 kg/da arasinda degisiklik gosterirken, ikinci Griin
de ise meyve veriminin 267.06 — 338.88 kg/da arasinda
degisiklik gosterdigi belirlenmistir. Ana Grin ile bugday +
ikinci Urin toprak isleme yodntemleri arasindaki en
yuksek meyve verim farki 209.78 kg/da olarak
belirlenirken, en diistik meyve verim farki 164.99 kg/da
olarak belirlenmistir. Ana Urin yakit tiketimi degerleri
33.33 I/ha ile 63.80 I/ha arasinda degisiklik gosterirken,
ikinci Grln de ise yakit tiketimi degerleri 34.92 I/ha ile
62.48 |/h arasinda degisiklik gosterdigi belirlenmistir.
Ana drin ile bugday + ikinci Urin toprak isleme
yontemleri arasindaki en yiksek yakit tiketimi farki 2.09
I/ha olarak belirlenirken, en disiik yakit tiketimi farki 0.2
I/ha olarak belirlenmistir.

Genel Yorum: Sonug olarak ana Uriin ve ikinci Uriin
yerfistiginda farkli toprak isleme yéntemlerinin verim ile
yakit tiiketimi Gzerine olumlu etkileri belirlenmistir.
Calismanin Onemi ve Etkisi: Ana (iriin ve bugday + ikinci
Gran farkh toprak isleme yontemlerinin ekonomik
yonden yapilan karsilastiriima ile tretim girdi maliyeti ve
elde edilen gelirin parasal degerleri ortaya konulmustur.
Verim, yakit tiiketimi, Gretim girdi maliyeti ve elde edilen
gelir yoninden en olumlu etki T1 (geleneksel toprak
isleme) ve T2 (azaltilmis toprak isleme) toprak isleme
yontemlerinde belirlenmistir.

Anahtar kelimeler: Yerfistigi, toprak isleme, ekonomik,
verim, maliyet

TESEKKUR

Bu calisma, Tarimsal Arastirmalar ve Politikalar Genel
Mudirlaghd  (TAGEM)  tarafindan  desteklenmistir.
Cahsmanin yiritilmesinde sagladiklari  katkilardan
dolayl TAGEM’e tesekkiir ederiz.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan eder.

cikar  gatismasinin
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Determination of environmental problems caused by agricultural wastes in greenhouse
enterprises and solution suggestions

Sera isletmelerinde ortaya gikan tarimsal atiklarin neden olacagi gevre sorunlarinin belirlenmesi ve ¢6zim
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Aims: In this study was to determine the environmental effects of
pollutant factors (plastic cover materials, chemical fertilizer and medicine
boxes, post-harvest waste and drip irrigation laterals) in the greenhouse
enterprises in Kumluca district of Antalya.

Methods and Results: For this purpose, surveys were conducted in 122
greenhouse enterprises. With the help of the obtained information, it was
determined that 97.5% of greenhouse plants used polyethylene plastic as
cover material on side wall and roof. It was determined that the cover
material was burned at the end of its service life at a rate of 4.92% or
disposed of in waste bins. It was determined that wood and coal were used
as fuel type in the heating greenhouses and 61.02% of the wastes from
these fuels were disposed in trash cans and 38.98% were disposed in open
areas outside the greenhouse. It was determined that 47.45% of the
fertilizer bags used in the enterprises and 82.79% of the medicine boxes
were disposed or incinerated. It was determined that 95.90% of the
vegetable wastes from the pruning and 88.52% of the wastes from the
harvest were disposed in a way that would harm the nature and the
atmosphere. It has been determined that 6.56% of the drip irrigation
laterals whose life has expired, it have been incinerated and disposed in
waste bins.

Conclusions: As a result of this study, recycling of plastics, composting of
plant wastes and formation of agricultural waste collection centers in the
region will contribute to minimizing the negative environmental impacts
of wastes in enterprises in order to prevent environmental pollution
caused by plastic and plant wastes.

Significance and Impact of the Study: Supporting scientific research for
the production of biodegradable plastic materials in greenhouse
enterprises is very important in terms of reducing environmental pollution
and sustainable greenhouse cultivation.

Atif / Citation: Boyaci S, Kartal S (2019) Determination of environmental problems caused by agricultural wastes in greenhouse
enterprises and solution suggestions. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) : 51-60

GiRiS glivenilir Uretim teknolojisine sahip, enerji, su ve
kimyasal ilag ihtiyacini azaltan ve mimkiin oldugu kadar
Sardirilebilir seracilik sistemlerinin amaci; kaynaklari atik Gretmeyen bir sistem olmalidir (Giuliano ve ark.,

koruyan, sosyal destekli, ticari, rekabetci, cevreci, 2010). Serada vyapilan vyetistiricilikte acik alanlarda
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yapilan yetistiricilige gére daha fazla miktarda enerji, su,
glbre ve tarimsal ilaca gereksinim gostermesi yaninda
fazla miktarda atik ve karbon emisyonuda tiretmektedir
(Baytorun ve Giigercin, 2015). Tarimda 06zellikle son
yillarda artan plastik kullanimi ve bu plastiklerin dogru
bir sekilde bertaraf edilmemesi nedeniyle gcevresel
etkileri her gecen daha fazla artmakta ve emisyon
kaynagi olmaya devam etmektedir. Birgok farkl tarimsal
uygulamada plastik malzemelerin kullaniimasi (alcak
tinel yuksek tinel ve sera ortlii malzemeleri, malglar,
sulama borular) plastik atigin artmasina neden
olmaktadir (Scarascia-Mugnozza, 1995). Tarimda plastik
malzemelerin kullaniminin glinimizde yogunlasmasi,
Uretkenligi ©nemli O&lglide artirmasina karsin, ayni
zamanda tarim ekosisteminin cevre Uzerinde artan
olumsuz etkiler yaratmaktadir. Tarim, enerji ve su
girdileri, kimyasal glibre ve zirai ilaglarin yani sira plastik
malzemelerin buylk bir boliminin kullanimindan
sorumludur. Plastigin Gretim sirasinda olusan kirliligin
yani sira sera, ylksek tinel, alcak tinel igin orti
malzemesi malglama, sulama ve drenaj borular igin
kullanilan plastik malzemeler émriiniin bitiminde acik
alanlara birakilarak veya yakildiginda kirlenme kaynagi
haline gelebilir. Bunun yerine, tarimsal plastik atiklari
(APW) dogru toplanirsa, yeni bir ikincil hammadde veya
bir enerji kaynagi olarak kullanilabilir. Yeterli bir APW
yonetimi, ekonomik kayiplari ve c¢evresel zararlari
Onleyebilir (Vox ve ark., 2016).

Surdiralebilir atik yonetimini saglayabilmek icin sistem
icerisinde yer alan her bir elemaninin gevresel ve
ekonomik yiklerini incelemek ve bu mekanizmay: surekli
olarak isletmek gereklidir. En ekonomik ve isletme
maliyeti en dlsik atik yonetim sistemi en az atigin
Uretildigi sistemdir. Atik miktarini azaltmak icin en az atik
Uretecek yontemlerin uygulanmasi, atiklarin enerji
ve/veya materyal olarak geri donusiimlerinin saglanmasi
gerekmektedir (Yaman, 2012). Fosil ham maddelerle
Uretilen tarimsal plastikler, glines radyasyonu, rizgar,
yagmur, dolu, hava sicakhgl ve nem gibi atmosferik
maddelere, ekim déneminde kullanilan zirai micadele
ilaglarina, kurulum ve kullanim kosullarina maruz
kalmalari nedeniyle bozunmaya maruz kalmaktadirlar.
Plastik bozunmasi, plastik sokiildiigiinde biiyik ve artan
miktarlarda plastik atik Uretir (Scarascia-Mugnozza,
1995; Picuno, 2014). Plastik filmlerin bozunmasi esas
olarak ultraviyole gilines radyasyonunun etkisi altinda
polimerik zincirlerin yokedilmesi nedeniyle olusur.
Tarimsal plastikten UGretilen atiklarin biylk bir kismi
seralar, alcak tineller, malglama ve kaplama ve silaj
filmlerinden gelir (Mugnozza ve ark., 2011; Briassoulis ve
ark., 2012). italya'da tahmini tarimsal plastik atik miktari
(APW), yaklasik 200,000 ton/yil olup, bunlarin %55'i sera
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ortileri, dusik tineller, toprak malgclari, net filimlerden
gelmektedir (Picuno ve ark., 2012). Tirkiyenin 2019
yihinin ilk 6 ay! itibariyle 4.48 milyon tonluk toplam plastik
mamul Gretimi icinde tarim amacli Uretilen plastiklerin
yaklasik 269.000 ton/yil olup sektorel bazda %6’ lik bir
oran olusturmaktadir (Anonim, 2019).

Tarimsal plastik atiklar, cevresel ve ekonomik bir
sorundur. Ancak iyi bir tarimsal plastik atik (APW)
yonetimi, ekonomik kayiplari ve ¢evresel zarari
Onleyebilir (Vox ve ark., 2016). Cinkl atik yonetimi
duzgiin bir sekilde yapilmazsa ve bu atiklar goéllere, kirsal
alanlara atilir ve kontrolsiiz bir sekilde yakilir ise peyzaj,
cevre, tarim topragi, hava ve sig ve derin sulara ciddi ve
yaygin hasarlara neden olabilirler. Yanma sirasindaki
ortaya ¢ikan CO,, CO, H,S, SO,, NHs ve dioksin gibi zararh
maddeler havayi kirletir. Agikta yanmanin verimsizligi
nedeniyle, Kontrolsiiz yanma kontrollii yanmaya gore
daha fazla emisyon ve partikiil madde yayar. Ayrica,
plastigin yanmasi biyik miktarlarda CO, emisyonlari
uretir (kg Polietilen basina 3.0 kg CO;) eger bu yanma
kontrol edilmezse, ortaya cikan CO2 ve s Uretimi
dogrudan atmosfere iletilir ve bilinen olumsuz sonuglara
neden olur (Mugnozza ve ark., 2011).

Sera tarimi, tarimin en énemli gelir getirici kollarindan
biridir (Saltuk, 2019). Ancak sera atiklarinin bertaraf
edilmesi Ureticiler igin ciddi bir problem olusturmaktadir.
Sera atiklari isletmeler tarafindan yakilarak veya bahge
kenarlarina gelisiglizel atilarak bertaraf edilmeye
¢alisilmakta bu durum ise gevre kirliligine yol agmaktadir.
Ancak sera kosullarinda yogun biyokiitle birikimi, sera
icerisinde hastalik ve zararh yayihmi gibi problemlere
neden olabilmektedir. Atiklari yakarak yok etmenin
cevresel  zarari ve  potansiyel faydalarindan
yararlanilmamasi nedeniyle alternatif bir bertaraf
yontemi olan kompostlama ile tarimda degerlendirilmesi
son vyillarda 6nem kazanmakta ve bir cok bilimsel
arastirmaya konu olmaktadir (Cercioglu, 2019).

Bu calismada lilkemiz ve Antalya ili icin 6nemli seracilik
merkezi olan Kumluca ilgesinde sera isletmelerinden
kaynakl ve cevre Gzerinde etkili olan kirletici faktorlerin
(plastik malzeme, kimyasal glibre ve ila¢ kutulari, hasat
sonrasi atiklar ve damla sulama lateralleri vs.) kullanim
omrii sonunda degerlendirilme durumlari ortaya
konulmustur. Ayni zamanda bu atiklarin gevreye ve
dogaya verecegi zararin azaltilmasi yoninde alinmasi
gerekli tedbirler degerlendirilmistir.

MATERYAL ve YONTEM
Calismada materyal olarak Antalya ili Kumluca ilgesinde

bulunan sera isletmeleri secilmistir Sekil 1. Ulkemizin
glineyinde yer alan Antalya ili Kumluca ilgesi 36.3646
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enlem ve 30.2978 boylamlari arasinda yer alir ve deniz
seviyesinden yiiksekligi 60 m’dir. Ulkemizde niteliklerine
gore Ortl alti tarim alanlarina bakildiginda toplam
772091 dekar alanin 283283 dekari Antalya ilinde
bulunmaktadir. Ortialti tariminin yogun olarak yapildigi
Kumluca ilgesinde toplam ortalti varhg 42500
dekar’dir. Ortiialti faaliyetleri bakimindan ilkemiz ve
Antalya ili agisindan 6nemli bir payr bulunan Kumluca
ilcesi Turkiye'deki toplam ortialti tarim alaninin %5.5’ini,
Antalya ilinin ise %15’ini olusturmaktadir. ilcede iretimi
yapilan Urinler igerisinde toplam 42500 dekar 6rtialt
alaninin 29850 dekarinda (%70.24) domates Uretimi
yapilmaktadir.

< . R \
/' Korkuteli F; \ \Ibradlr

'Désemealtr

Sekil 1. Antalya ili haritasi

Kumluca ilgesinde anket yapilan sera isletmelerinde
Uretim donemlerinde ortaya cikan bitkisel ve plastik
atiklar, bu atiklarin degerlendiriime, depolanma ve
cevreye olan etkileri belirlenmeye calisiimistir.

Cizelge 1. incelenen sera isletmelerinin genel ézellikleri

Arastirmanin arazi calismalari 2019 Mayis-Temmuz
aylarinda gergeklestirilmistir. Arastirma materyali olarak
belirlenen sera isletmeleriyle ilgili gerek duyulan veriler
yapilan anket ve gozlem galismalari ile elde edilmistir.
Calismada anket uygulanacak sera isletme sayisinin
belirlenmesinde basit tesadifi 6rnekleme yodntemi
kullaniimistir. Buna gore 6rnek isletme sayisi Esitlik 1
yardimiyla hesaplanmistir (Cicek ve Erkan 1996).

Nxo?
n = W_DxpPro? (1)
Esitlikte, n=Ornek hacmini, N: Populasyondaki isletme
sayisini, o: Populasyon varyansini, D% (d/t)? burada, d:
ortalamadan belirli bir orandaki (%5) sapmayi, t: %95
glven sinirina karsilik gelen t tablo degeridir.
Calismada, anket yapilacak isletme sayisi %95 glivenirlilik
siniri ve %5 hata payi ile 122 isletme olarak belirlenmis
ve isletmelerin secimi, tesadfi olarak yapilmistir. Ankete
tabi tutulan 122 adet sera isletmesi hakkinda treticilerin
egitim durumu, ciftcilik ve seracilik yaptigi sire,
kullanilan o6rti malzemesi, glibre ve kimyasal ilag
kutulari, bitkisel atiklarin degerlendirilmesi, Isitma
sonucu ortaya cikan fosil atiklarin bertarafi ile ilgili
bilgiler, hazirlanan anketler kullanilarak belirlenmistir.

BULGULAR ve TARTISMA

incelenen sera isletmelerinin genel ézellikleri

Antalya ili Kumluca ilgesinde vyapilan ¢alismada,
incelenen sera isletmelerinin genel o6zellikleri Cizelge
1’de verilmistir.

Sera igsletmelerinin genel 6zellikleri Cevap Sinifi Uretici sayisi %
0-10 38 31.15
- 11-20 44 36.07
Seracilik yaptigi siire 521 40 3279
Toplam 122 100
Tek sera 9 7.38
Seralarin yerlesim sekli Blok sera 113 92.62
Toplam 122 100
Kuzey-Gliney 69 56.56
Seralarin uzun eksen yonii Dogu-Bati 53 43.44
Toplam 122 100
Yay catih 118 96.72
_ . . Besik ¢atili 2 1.64
Seralarin konstriiksiyon sekli nedir Veiloc 5 164
Toplam 122 100

Calisma alaninda isletmelere ait bilgilere bakildiginda
isletmelerin seracilik yaptigi stire bakimindan 1 ile 45 yil

arasinda ortalama olarak vyaklasik 17 vyillik Uretim
tecriibesine sahip olduklari belirlenmistir. Gale ve ark.
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(2014) Antalya ilinde yapmis olduklari ¢alismalarinda
Ureticilerin seracilik yaptiklari strenin eski oldugunu ve
Ureticilerin % 88.90'inin 15 yildan daha fazla siiredir
seracilik yaptigi ve bu isi geleneksel olarak strdirdikleri
belirlenmistir. Yapilan ¢alismadada benzer olarak
¢alisma alaninda seracilik tecriibesinin eskiye dayandigi
belirlenmistir. Seralarin yerlesim sekli olarak %92.62
oraninda blok olarak kurulan seralarin uzun eksen
yoninin kuzey-gliney dogrultusunda oldugu
belirlenmistir. Emekli ve ark. (2007) Antalya’nin Kumluca
ilcesinde yuriatmis olduklari calismalarinda, arastirma
yapilan seralarda yorenin ekolojik kosullari, seralarin
bireysel ve blok seklinde insa edilmeleri diistinlldigiinde
sera kurulum yoninin blok seralarda kuzey-giiney
yonlinde kurulmasinin gerektigini, ancak bireysel
seralarin Ozellikle kis aylarinda giines 1sinimdan daha
fazla yararlanmak amaciyla kurulmasi dusinilen yeni
seralarin dogu-bati yoninde yonlendirmesi gerektigini
belirtmislerdir. Yapilan ¢alismadada kis aylarinda glnes
isinimindan daha fazla yararlanmak ve kis aylarinda
kullanilan yakit miktarini azaltmak i¢in seralarin kurulus
yonlerine dikkat edilmesi gerektigi belirlenmistir. Yakit

enerjikaynaklarinin ~ atmosfere  saldigi  gazlarinda
azaltilmasi bakimindan oldukg¢a 6nemlidir.
incelenen  seralar yararlanma  sekillerine  gore

degerlendirildiginde tamaminin yetistirme serasi ve
toprakli  tarim yapildigi  belirlenmigtir.  Yetistirme
seralarinda isletmelerin son iki yilda yetistirdigi Grinler
arasinda % 49.29 ile domates ilk sirada yer almakta ve
bunu sirasi ile biber (%23.57), kavun (%10.71), hiyar
(%6.43), patlican (%4.29), kabak (%5.0), patlican (%4.29)
ve bag (%0.71) izlemektedir. Emekli ve ark. (2007)
yetistirme seralarinda yetistirilen {Grlinler arasinda
domates %42.8 ile ilk sirada yer alirken bunu sirasi ile
(%28.6 ile biber, %19.0 ile patlican, %3.2 ile kabak, %3.2
kavun ve %3.2 hiyarin izledigini belirtmistir. Yapilan
calismadada yoérede domates yetistiriciliginin ilk sirada
oldugunu bunu diger sera sebze Urlnlerinin izledigi
belirlenmistir.

Sera isletmelerinde plastik kullanimi ve degerlendirme
sekilleri

Calismada, sera isletmelerinde plastik kullanimi ve
degerlendirme sekillerine ait bilgiler Cizelge 2 de

miktarini  azaltmak i1sitmanin  Gretim  maliyetleri verilmistir.
icerisindeki  payini  azaltmanin  yaninda, fosil
Cizelge 2. Ureticilere ait isletme ve yapi bilgileri
isletme bilgileri Cevap Sinifi Uretici sayisi %
Cam Sera 3 2.5
isletmedeki sera tipi Plastik Sera 119 97.5
Toplam 122 100
Polietilen (normal) 4 33
o Polietilen UV 1 0.8
Yan duvarlarda kuIIa.mIan orti Polietilen UV4IR 114 93.4
malzemesi
Cam 3 2.5
Toplam 122 100
Polietilen (normal) 4 33
Polietilen UV 1 0.8
Catida kullanilan 6rti malzemesi Polietilen UV+IR 114 93.4
Polikarbon 3 2.5
Toplam 122 100
Cop kutularina atiyorum 1 0.82
- . Yakiyorum 5 4.10
Ortl malzemesini kullandiktan sonra Tarimsal amaglar icin kullaniliyor 12 9.84
ne yapiyorsunuz
Hurdaciya birakiyorum 104 85.25
Toplam 122 100
Sera isletmelerde 6rtli malzemesi olarak cam ve plastik UV+IR  katkili  6rti  malzemesinin  kullanildigi
orta malzemesinin kullanildigi belirlenmistir. belirlenmistir. Sera isletmelerinde o6rtli malzemesi

isletmelerde cam seralarin toplam yiizey alani 7132 m?

iken plastik seralarin toplam orti yiizey alani 436753 m
olarak belirlenmistir. Seralarda kullanilan yan duvar ve
¢atida kullanilan 6rtli malzemesi olarak en fazla (%93.40)

2
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kullanildiktan sonra genelde %85.25 inin tarimsal
amaclar ve hurdacilara dcreti karsiiginda satildig
belirlenmistir. Bunun yaninda plastik ortli malzemesini
yakan ve ¢op kutularina atan isletmelerinde (% 4.92)
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oldugu belirlenmistir. isletmelerin  kullanim 6mri
sonunda plastiklerin 6300 m? sini ¢dp kutularina ve
23206 m? sini yakarak olmak iizere toplam 29506 m?
plastigi uygun olmayan sekilde bertaraf edildigi
belirlenmistir. Alkan (1977) sera 6rti malzemeleri iginde,
plastik malzemenin daha vyaygin bir sekilde
kullanilmasinin nedenlerini, kullaniimasinin kolay ve ilk
maliyetinin ucuz olusu, gegici amagla kullanilmaya daha
uygun olusu ve 1sik gegirgenliginin bitki gelisimine uygun
bulunmasi gibi 6zellikleri oldugunu bildirmistir. Tlrkay ve
ark. (2006) yapmis olduklari galismalarinda isletmelerin
orti malzemesi olarak %98 oraninda PE plastik
kullanildigini ve bunlarin %70 oraninda katkili plastik
malzeme kullanildigini bildirmistir. Saltuk (2005) ise
isletmelerde 6rtii malzemesi olarak %81.7 oraninda
katkili plastik malzeme kullanildigini  bildirmistir.
Tarimsal uygulamalarda kullanilan plastik malzemeler
ozellikle plastik filmler, kalinliklari, giines isinlarina ve
bocek ilacina maruz kalmalari, sicakhk ve bagil nemdeki
degisiklikler, rlizgar ve yagis eylemleri nedeniyle mekanik
ozelliklerinin  giderek  bozulmasindan etkilenerek
bozunurlar (Picuno, 2014). Bunlarin sik degistirilerek
yerine yeni plastiklerin kullanilmasi, diizglin yonetilmesi
gereken bilylk miktarda tiketici sonrasi malzeme
Uretmektedir (Briassoulis ve ark., 2012). Kullanim
omrinin sonunda plastik atiklar genellikle agik alanda
yakilir, tarlalarda veya su yollarinda birakilir, topraga
goémdiilir, dizenli depolama alanlari igine konur tarimsal
plastik atiklarin uygunsuz sekilde atilmasi toprak ve su
kirliligine, zararli maddelerin ve hava kirleticilerinin

serbest birakilmasina, gida kontaminasyonu, toprak
kalitesinin bozulmasina ve ayni zamanda estetik kirlilik
ve peyzajin ve tarimsal-ekosistemim bozulmasina neden
olur (Briassoulis ark., 2013). Atilgan ve ark. (2014) orti
malzemelerinin %61’inin uygun bir sekilde bertaraf
edildigini %39’ luk kisminin (%27.3 tarlaya birakma,
%1.3’Unln nehir veya dereye, %3.3’Unln yaktigini ve
%6.8 diger) cevre ve insan sagligl icin tehlike olusturacak
sekilde yok edilmeye caligildigini bildirmistir. Glizey
(2015) tarafindan vyapilan c¢alismada plastik o6rtil
malzemelerinin  kullanildiktan sonra degerlendirme
dizeylerine baktigi ¢alismasinda degistirilen 6rtu
malzemelerinin %64 (inlin uygun bir sekilde bertaraf
edildigini %36’lik kisminin (%21 tarlaya birakma ve %15
yakma) cevre ve insan sagligi icin tehlike olusturacak
sekilde bertaraf edildigini bildirmistir. Boyaci (2018)
yapmis oldugu calismada sera isletmelerinin %20’sinin
ortli malzemesini yaktigini, %50’sininde ¢6p kutularina
attigini  belirlenmistir.Yapilan c¢alismada da, diger
¢alismalarda oldugu gibi sera ireticilerinin %4.92'sinin,
plastigi uygun bir sekilde bertaraf etmedigi benzer olarak
yakarak veya ¢op kutularina atilarak cevreye ve insan
saghgini tehlikeye atacak sekilde bertaraf edildigini
belirlenmistir.

Seralarda fosil yakit kullanimi ve dederlendirme
sekilleri

isletmelerden ¢ikan fosil yakitlarin degerlendirilme sekli
Cizelge 3’te verilmistir.

Cizelge 3. isletmelerden gikan fosil yakitlarin degerlendirilme sekli

Isitma sistemi ve atiklarin

degerlendirme sekli Cevap Sinifi Uretici sayisi %
Evet 118 96.72
Seralarinizda isitma yapiliyor mu Hayir 4 3.28
Toplam 122 100
. Evet 69 56.56
Ist korunumu amaciyla 6nlem Hayir 53 43.44
aliyormusunuz?
Toplam 122 100
Isi perdesi 44 52.38
Isi korunumu amaciyla kullanilan Cift kat 6rti malzemesi 18 21.43
malzemeler Yagmurlama 22 26.19
Toplam 84 100
Komir 27 22.88
Isitmada kullanilan yakit tiira Odun 91 77.12
Toplam 118 100
. Cop kutularina atiyorum 72 61.02
Fosﬂ yaklt.a.tlklarlnl nasi Seradan uzak bir yere atiyorum 46 38.98
degerlendiriyorsunuz
Toplam 118 100
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incelenen isletmelerin  %96.72’sinin I1sitma  yaptig
belirlenmistir. Ancak I1sitma yapan 118 adet isletmede
Isitmanin  dondan koruma amacgh Isitma yaptig
belirlenmistir. Isitmada kullanilan yakit kaynaklarina
gore komir kullanilan isletmelerde 400-8000 kg arasinda
komdr, odun kullanan isletmelerde ise kullanilan yakit
miktarinin 700-8000 kg arasinda degistigi gorilmustir.
Emekli ve ark. (2007) Kumluca ilgesinde incelenen sera
isletmelerinde kullanilan isitma sistemlerinin dagilimi
incelendiginde yo6rede dUreticilerin % 82.9’u bitkileri
sadece don tehlikesinden korumaya yoOnelik 1sitma
yaptiklarini  bildirmistir. Calismada, incelenen 122
isletmeden 84 inlin (%69) 1si korunumu amaciyla 6nlem
aldigi belirlenmistir. Emekli ve ark. (2007) Kumluca
yoresinde isi1 perdesi kullanan Ureticilerin 1s1 perdelerini
sadece yan duvarlar tzerine elle yerlestirdiklerini ve isi
perdelerinin uygun bir agma kapama mekanizmasina
sahip olmamasi nedeniyle isi perdelerinden beklenen
faydanin saglanamayacagini bildirmistir.

Arastirma alaninda, Isitma yapilan isletmelerde fosil
yakitlarin kullanildiktan sonra ¢ope atildig1 (%61.02) ve
%38.98 inin seradan uzak bir yere atildigi belirlenmistir.
Gulzey ve Atilgan (2015) yapmis oldugu calismada yakit

olarak fosil yakitlarin kullanildigini ve bu yakitlarin ¢op
kutularina ve acik tarla alanlarina atildigini belirtmistir.
Yapilan c¢alismadada arastirmacinin  yapmis oldugu
calismaya benzer olarak enerji maliyetlerinin ylksek
olmasi nedeniyle i1sitmanin dondan koruma amaciyla
yapildigi belirlenmigstir. Ayrica 1si korunumu amaciyla
Oonlem alinsa bile 1si perdelerinin uygun bir agma kapama
mekanizmasina sahip olmamasi ve sizdirmazlik
problemleri nedeniyle uygun isletilmedigi belirlenmistir.
Bu durum kullanilan enerji kaynaginin artmasina neden
olacaktir. Ayni zamanda atmosfere salinan karbondioksit
miktarini arttiracagindan yalnizca Uretim igerisindeki
Isitmanin payini arttirmanin yaninda gevresel etkileride
olduk¢a Onemli oldugu belirlenmistir. Ayrica fosil
yakitlarin atiklarinin sera disina acik alanlara gelisi glizel
atilmasi sonucu yagislar ve rizgar ile tasinim yoluyla
toprak ve su kaynaklarina etki edecegi belirlenmistir.

Sera isletmelerinde kullanilan giibre ve ila¢ kutularina
ait bilgiler

Uretimde kullanilan giibre ve ilag kutularina ait bilgiler
Cizelge 4’te verilmistir.

Cizelge 4. Uretimde kullanilan giibre, ilag ve budamaya ait bilgiler

Giibre ve ilag kutularina ait

bilgiler Cevap Sinifi Uretici sayisi %
Kimyasal 21 17.21
Seranizda ne tir gilibre Organik+Kimyasal 100 81.97
kullaniyorsunuz Biyolojik miicadele 1 0.82
Toplam 122 100
Cop kutularina atiyorum 42 34.34
Kullanilan kimyasal giibre Yakiyorum 16 13.11
posetlerini nasil Hurdaciya satiyorum 35 28.69
degerlendiriyorsunuz Cesitli islerde kullaniyorum 29 23.77
Toplam 122 100
Cop kutularina atiyorum 60 49.18
. . Yakiyorum 41 33.61
llag kutu!anm nasilimha Hurdaciya satiyorum 19 15.57

ediyorsunuz .

llag kullaniimiyor 2 1.64

Toplam 122 100

Sera isletmelerinin neredeyse tamaminin kimyasal glibre
kullandigi belirlenmistir. Biyolojik olarak miicdele eden 1
adet isletmenin bulundugu belirlenmistir. incelenen
isletmelere bakildiginda kimyasal glibre posetlerinin
%47.45'inin, ilag kutularinin ise %82.79’unun ¢op
kutularina gelisi glizel atildig1 veya yakilarak dogaya ve
atmosfere zarar verdigi belirlenmistir. Isitilmayan
seralarda fazla miktarda ila¢ kullanimi, tlketici saghgini
ve cevreyi olumsuz yonde etkilemektedir. Seralarda
disuk sicakhk ve ylksek nem problemini ¢6zmek igin
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alinabilecek tedbirlerden biri de seralarin isitilmasidir.
Dastk sicakhk ve yiksek nem bir taraftan fiziksel,
kimyasal ve aromatik kalite noksanligi olustururken,
diger taraftan yogun tarimsal savas ilaci ve hormon
kullanimini zorunlu hale getirmektedir. Seralarda nitelikli
ve nicelikli verimin elde edilebilmesi icin glinlik ortalama
dis sicaklik degerinin 12°C’nin altina diistigl zamanlarda
Isitma zorunlulugu ortaya cikar (von Zabeltitz, 1994).
Atilgan ve ark. (2014) tarimsal Uretim igin kullanilan
glbre atiklarinin %50’sinin (%26 yakma, %22 tarlaya
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birakma ve %2 nehir veya dere) dogaya kontrolsiiz olarak
birakildigini isletmelerin bu konuda yeterince dikkatli
olmadigini, kullanilan tarimsal ilag atiklarini %52
oraninda uygun olmayan sekilde bertaraf ettigi (%25.3
yaktigini, %24 tarlaya birakildigini, %2.7 dere veya
nehirlere birakildigini) ve dogaya zarar verdigini
belirlemislerdir. Glzey (2015) yapmis oldugu calismada,
isletmelerinin  %24’tGnln kullandign glbre atiklarini
yaktiklarini, tarim ilaci atiklarini bertaraf islemi olarak en
fazla (%42) yakmayi tercih ettiklerini bildirmistir.
incelenen sera isletmelerinin %33’tinde ila¢ kutularini
kullandiktan sonra ¢6p kutularina attiklari, isletmelerin
%3’lnln geri donusim noktalarina biraktigl, %13’Gnin
ise sera disina gelisiglizel attig1 ve %3’lUnin de nehire
attigini belirlemistir. incelenen isletmelerde
mekanizasyon diizeyinin diisiik olmasi, Isitmanin dondan
korunma amaciyla yapilmasi gibi sebeplerden dolayi

verim dislikliglinin yaninda hastaliktan dolayi ilag
kullanimi  artmakta ve budurumda kullanilan ilag
kutularinin dogru bir sekilde dogaya zarar vermeden
bertarafi 6nem kazanmaktadir. Arastirmacilarin yapmis
oldugu calismalara benzer olarak isletmelerde glibre ve
ilag kutularinin artiklarinin uygun olmayan sekilde
dogaya kontrolsiiz olarak birakildigi belirlenmistir. Ayrica
glbre ve ilag kutularinin atiklarinin sera disina agik
alanlara kontrolstiz olarak birakilmasi sonucu yagislar ve
rizgar ile tasinim yoluyla toprak ve su kaynaklarina etki
edecegi ve sera isletmeletmelerinin yogun oldugu
bolgelerde ekolojik dengeye etki edecegi belirlenmistir.

Sera isletmelerinde ortaya ¢ikan budama ve hasat sonu
artiklara ait bilgiler

Sera isletmelerinde ortaya ¢ikan budama ve hasat sonu
artiklara ait bilgiler Cizelge 5’te verilmistir.

Cizelge 5. Uretimde kullanilan giibre, ilag ve budamaya ait bilgiler

Budama ve hasat sonu artiklara

' % . . 0,
ait bilgiler Cevap Sinifi Uretici sayisi %
Kompost yapiyorum 5 4.10
. Yakiyorum 3 2.46
BudamTjarJ <;||I<andI.3|.tk|seI atiklari Seranin disina birakiyorum 46 37.70
nastl degeriendirlyorsunuz Seranin igine birakiyorum 68 55.74
Toplam 122 100
Kompost yapryorum 14 11.48
H ve kal Yakiyorum 40 32.79
asat'tan sonra geriye kafan Cop kutusuna atiyorum 13 10.66
bitkisel atiklari nasil
o L Seranin disina birakiyorum 50 40.98
degerlendiriyorsunuz )
Nehir yada dereye atiyorum 5 4.10
Toplam 122 100

Budamadan ¢ikan bitkisel atiklar ve hasattan sonra
geriye kalan bitkisel atiklara bakildiginda budamadan
¢ikan atiklarin %95.90'inin, hasattan g¢ikan atiklarin ise
%88.52’sinin dogaya ve atmosfere zarar verecek sekilde
bertaraf edildigi belirlenmistir. Atilgan ve ark. (2014)
bitkisel atiklarin ise %8.7 oraninda kompost igin
kullanilirken %91.3 oraninda (%63.3 tarlaya birakma,
%8.7 nehir veya dereye atma ve %19.3 kendini yok
etmesini bekleyerek) dogaya zarar verecek sekilde
bertaraf ettigi belirlenmistir. Glizey ve Atilgan (2015)
yapmis oldugu c¢alismada isletmelerinin  %12'sinde
budamadan g¢ikan bitkisel atiklarini sera icine attiklari ve
%15’inde ise seranin disinda tarlaya gelisiglzel
biraktiklari, %37’sinin yakarak ve %22’sininde ¢op
kutularina atarak bertaraf ettiklerini belirtmislerdir.
Karaca ve ark. (2016) tarimsal Uretim sonucunda arta
kalan bitkisel atiklarin  degerlendirilmeyip  yok
edilmesinin (yakilarak ya da ¢op alanlarina atilarak imha)
ciddi anlamda cgevre kirliligini beraberinde getirdigini ve
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ekonomik kayip olusturdugunu bildirmislerdir. Ortaya
¢ikan tarimsal atiklarin degerlendirilip, tlke ekonomisine
kazandirilmasi oOncelikli konulardandir. Aydin ilinde
seraciligin ¢ogunlukta oldugu Sultanhisar, Nazilli ve Séke
ilcelerinde yer alan sera atiklari miktari 686 ton olup,
enerji  potansiyeli 10938 GJ degerine karsilik
gelmektedir. Atiklarin  ¢evreye zarar verilmeden
biyokitle enerjisi olarak kullanilmasi durumunda ¢evre
kirliligini azaltmasi yaninda enerji kaynagi olarak ulke
ekonomisine 6nemli katkilar saglayacaktir. Sera bitki
atiklarinin  kompostlastirilarak degerlendirilmesi ile
topraklara onemli miktarda bitki besin maddesi
kazandirilacak, kullanilan kimyasal gibre miktarinin
azaltilmasi ve yakilmasi sonucunda ortaya c¢ikan cevre
kirliliginin dnlenmesi saglanacaktir (Citak ve ark., 2006).
Sénmez ve ark. (2002) Antalya ili Kumluca ilgesinde
yapmis olduklari calismalarinda, sera bitki atiklarinin
onemli bir cevre sorunu vyarattigini bildirmislerdir.
Bitkilerin soklldugl aylarda (Ocak-Subat ve Mayis-
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Haziran) ortaya c¢ikan ylzlerce ton bitkisel atigin bir
miiddet sonra yakildigini, bunun hem goriinti hemde
cevre kirliligine neden oldugunu belirtmistir. Onemli
miktarda sera bitki atiginin organik madde olarak
topraga geri donlisliminin saglanmasiyla birlikte cevrsel
problemlerin 6nlenebilecegini bildirmislerdir. Kumluca
yoresinde vyaklasik 14275 da alanda domates
yetistiriciligi yapilan seralardan bitkisel atiklar ile yilda
ortalama 132.47 ton N, 8.39 ton P, 88.49 ton K, 81.23 ton
Ca, 30.40 ton Mg, 319.2 kg Fe, 344.88 kg Mn, 124.06 kg
Zn ve 140.33 kg Cu topraktan alinmaktadir. Antalya ilinde
domates vyetistirilen sera alanlar (ortalama 82142 da)
dikkate alindiginda ise sdkiilen domates bitkileriyle yilda
ortalama 762.28 ton N, 48.22 ton P, 572.53 ton K, 467.39
ton Ca, 174.96 ton Mg, 1.84 ton Fe, 1.98 ton Mn, 0.71
ton Zn ve 0.81 ton Cu hicbir amacgla kullanilmadan yok
olmaktadir. Bu bitki atiklari ile yaklasik olarak Kumluca
ilcesinde 680 ton, Antalya ilinde ise 3910 ton kimyasal
glbredekine esdeger N, P,0s ve K,0 yok olmaktadir. Bu
bitkisel atiklarinin kompostlastirilarak organik glibre
olarak kullanilmasi durumunda bdlgede mevcut

seralarda karsilasilan en 6nemli sorunlardan birisi olan
yetersiz toprak organik maddesininde bu yolla
iyilestirilmesi mimkiindir. Bu nedenle yo6resel olarak
Ureticilerin veya Uretici birliklerinin basit kompost
tesisleri kurmalari 6ncelikle desteklenmelidir (Sonmez ve
ark., 2002). Arastirmacilarin yapmis oldugu calismalara
benzer olarak isletmelerden ¢ikan atiklarin uygun
olmayan sekilde (yakma, tarlaya gelisiglizel birakma,)
dogaya kontrolsiiz olarak birakildig belirlenmistir.
Arastirma alaninda az sayida isletmenin bitkisel atiklari
kompost yapmasi ¢ok oOnemli goriilmis ve bunun
yayginlastiriimasi igin  Ureticilerin  tegvik edilmesi
gerektigi duslntlmuistiir. Bu durumda kullanilan
kimyasal glibre miktarininda azalma egilimine girecegi ve
cevresel etkilerinin azaltilacagi belirlenmistir.

isletmelerin sulama sistemleri ve sistem ekipmanlarinin
degerlendirme sekli

isletmelerin sulama sistemler ve sistem ekipmanlarinin
degerlendirme sekli ait bilgiler Cizelge 6’da verilmistir.

Cizelge 6. isletmelerin sulama sistemleri ve sistem ekipmanlarinin degerlendirme sekli

Sulama sistemleri ve

% . . o
degerlendirme sekli Cevap Sinifi Uretici sayisi %
Hanei sul istemini Damla 121 99.81
i S o :

y Toplam 122 100
Cop kutularina atiyorum 4 3.28
.. Hurdaciya satiyorum 110 90.16
Damla sulama laterallerini
. . Yakiyorum 2 1.64
nasil imha ediyorsunuz .
Henliz satis yok 6 4.92
Toplam 122 100
Sera dUreticilerinin %99.81’i damla sulama yontemini ¢alismasinda sera isletmelerinin = %70’inin  sulama

tercih ederken ladet isletmede karik sulama ile sulama
yapildigi  belirlenmistir.  Kullanilan damla sulama
laterallerinin atik olarak degerlendirme sekli olarak
blylik oranda hurdaciya Ucreti karsiliginda verilsede bu
lateralleri yakan (%1.64) ve ¢Op kutularina atan Uretici
oranida (%3.28) olarak bulunmustur. Damla sulama
lateralleri giiniimiizde polietilen malzeme kullanilarak
Uretilmektedir.  Petrolden elde edilen sentetik
polimerlerden olan PE, plastik atik olarak dogaya terk
edildiklerinde, toprakta uzun siire parcalanamadigindan
cevre kirliligine ve toksik madde birikimine neden
olmaktadir. Yakilarak imha edildikleri zaman ise ¢cevreye
ve havaya toksik maddelerin salinimina yol
acmaktadirlar. Ayrica tarimsal arazilerde kullanildiklar
icin cevreye verdikleri zararin boyutu daha da
artmaktadir (Alkan, 2013). Boyaci (2018) yapmis oldugu
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yontemi olarak damla sulama yontemini tercih ettigini ve
kullanim 6mri sona eren damla sulama borularinin
%50’sinin  ¢op kutularina atildigini  ve isletmelerin
%12.5'inin ise bu lateralleri yaktigini belirtmistir.
Arastirma alaninda damla sulama yontemi kullanan
isletme sayisinin yiiksek olmasi sulamada verimlilik
acisindan olumlu olsada bu laterallerin ¢6p kutularina
atilmasi  ve yakilmasi olumsuz c¢evresel etkileri
bakimindan uygun gorilmemektedir. Bu atiklarin uygun
sekilde ikincil bir hammadde kaynagi olarak kullaniimasi
cevresel etkilerinin azaltilmasi bakimindan son derece
onemlidir.

Sera isletmelerinde kullanilan 6rti malzemeleri, budama
atiklari giibre kutulari ve damla sulama laterallerinin
kullanim 6mri tamamlandiktan sonra degerlendirilme
seklinin ortaya konuldugu ¢alismada, c¢evresel kosullar
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etkisi ile bozunan plastik 6rti malzemelerinin kullanim
omri sonunda tarlalara birakildigi ve yakildig
belirlenmistir. Cevresel sorun olan bu plastik atiklar
uygun kosullarda toplandigi takdirde yeni bir ikincil
hammadde veya enerji kaynagl olarak ekonomiye
kazandirilmasi mimkindir. Bunun yaninda kompost
olma ozelligi gosteren budama ve hasat atiklarinin
yakildigi tarlalara birakildigi ve g¢evre kirlilig§ine neden
oldugu belirlenmistir. Oysaki bu materyalin kompost
hale getirilmesi ile topraklara dnemli miktarda bitki besin
maddesi saglamasi nedeniyle biryandan kullanilan
kimyasal glibre miktarinin azaltilmasi saglanmis olacak
diger yandan da yakilmasi sonucunda ortaya ¢ikan ¢evre
kirliliginin 6nlenmesi saglanacaktir.

Calisma sonucunda tarimda sera isletmelerinden
kaynakh plastik ve bitkisel atiklarin olumsuz cevresel
etkilerini azaltmak amaciyla alinacak tedbirlerden
bazilari; 1) Plastik malzemelerin igerisine ilave edilen
katki maddelerinin arttirilarak plastik malzemelerin
kullanim o6mrinin uzatilmasi, 2) Kullanim omri
tamamlanan plastik 6rti malzemeleri, damla sulama
lateralleri vb. tarimsal plastik atiklari icin tarimsal
bolgelerde uygun toplama alanlarinin olusturularak bu
plastiklerin geri donlstirilmesi igin gerekli tedbirlerin
yetkililerce alinmasi, 3) Biyolojik olarak pargalanabilir
plastik malzemelerin yapimi igin bilimsel arastirma
calismalarinin  desteklenmesi, 4) Bitki artiklari igin
toplama merkezi olusturularak kimyasal glbrenin
giderek vyayginlastigi glnimuizde bitkisel atiklarin
kompost hale getirilerek toprak igin yarayisl hale
getirilmesi, 5) Bitkisel atiklarin biyokitle enerijisi olarak
ekonomiye kazandirilmasi amaciyla kurulacak tesisler
icin Ureticilerin devlet tesvikleri ile desteklenmelidir.
Alinacak bu ve benzeri tedbirler artan sera isletmeleri
icin stirdurulebilir seracilik ve ¢evre dostu bir liretim igin
¢6zUm olusturacaktir.

OzZET

Amag: Bu calismada, Antalya ili Kumluca ilgesinde
bulunan sera isletmelerinde ortaya cikan ve cevre
Uzerinde etkili olan kirletici faktorlerin (plastik orti
malzemeleri, kimyasal glbre ve ila¢ kutulari, hasat
sonrasi atiklar ve damla sulama lateralleri) kullanim
omri sonunda degerlendiriime sekli ve c¢evresel
etkilerinin belirlenmesi amaciyla yiritilmustir.

Yéntemler ve Bulgular: Bu amagla 122 adet sera
isletmesinde anketler yapilmistir. Elde edilen bilgiler
yardimiyla sera isletmelerinin %97.5’inin yan duvar ve
catida ortl malzemesi olarak polietilen plastik
kullanildigi belirlenmistir. Ortii malzemesinin kullanim
omri sonunda %4.92 oraninda yakildig veya ¢op
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kutularina atildig1 belirlenmistir. Isitma yapilan seralarda
yakit tlrt olarak odun ve komdir kullanildigi, bu
yakitlardan ¢ikan atiklarin ise  %61.02’sinin  ¢Op
kutularina, %38.98’inin ise sera disinda acik alanlara
atildig1  belirlenmistir. isletmelerde kullanilan giibre
posetlerinin %47.45, ila¢ kutularinin ise %82.79 oraninda
¢Op kutularina atildigi veya yakildigi belirlenmistir.
Budamadan c¢ikan bitkisel atiklarin %95.90'inin  ve
hasattan c¢ikan atiklarin ise %88.52’sinin dogaya ve
atmosfere zarar verecek sekilde bertaraf edildigi
belirlenmistir. Isletmelerde kullanim 6mri sona eren
damla sulama laterallerinin %6.56’sinin yakildigi ve ¢6p
kutularina atildigi belirlenmistir.

Genel Yorum: Calisma sonucunda, plastik ve bitkisel
atiklarin olusturacagi cevresel kirliliginin 6nlne gecilmesi
amaciyla plastiklerin geri donstirilmesi, bitkisel
atiklarin kompostlastirilmasi ve boélgede tarimsal atik
toplama merkezlerinin olustulmasi isletmelerde atiklarin
neden olacagl olumsuz cevresel etkilerin en aza
indirilmesine katki saglayacaktir.

Calismanin Gnemi ve Etkisi: Sera isletmelerinde biyolojik
olarak parcalanabilir plastik malzemelerin yapimi igin
bilimsel arastirma calismalarinin desteklenmesi c¢evre
kirliliginin azaltilmasi ve slirdirilebilir bir seracilk
bakimindan oldukga 6nemlidir.

Anahtar kelimeler: Sera, tarimsal atik yonetimi, plastik,
cevresel etki, stirdirilebilirlik
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Aims: Biomass is very important for Turkey which has a large amount of
agricultural areas. Approximately 55-60 million tone wastes of biomass are
produced from agricultural areas in Turkey every year.

Methods and Results: In this study, dried and milled corn stalk are turned
into a briquette to be used as a solid fuel and determined its physical
properties regarding quality of the briquette. The briquettes are produced
in a spiral screwed briquetting machine which has 24 kW electric motor
power. Milled corn stalk used in the study is dried as moisture content will
be under 10 %. In the stage of briquetting, 4 different mould temperature
and 3 different particle size are studied. The briquettes are produced in 55
mm thickness as hexagon briquettes of which central bore diameter is 12-
15 mm. Before physical tests, to provide stabilization of the briquettes,
they are waited in 20 °Cenvironment temperature during 7 days. Intensity
of the briquette, endurance resistance, fracture resistance, pressure
resistance, heat of combustion, moisture, ash contents, emission values of
stack gas and water resistance of the briquettes are determined as
properties of the briquettes.

Conclusions: As a result of the conducted tests, in the produced briquettes
it is seen that effect of the mould temperature is unimportant on the
fracture resistance, also effect of the particle size is unimportant on
endurance and fracture resistances. It is determined that the mould
temperature and the particle size are markedly effective on examined
other forms.

Significance and Impact of the Study: The assessment of agricultural
residues will contribute to the elimination of the energy deficit while
contributing to economic growth. Taking into account the benefits of the
assessment of residues for environmental conditions, it will be understood
that the issue is very comprehensive. Therefore, instead of producing
agricultural products for renewable energy, the conversion of residues
other than food products into energy would be an economic and
environmental positive behavior.

Atif / Citation: Dok M, Acar M, Celik AE, Atagiin G, Akbas U (2019) Briquetting of corn stalk as a renewable energy source and
determination of physical properties of briquettes. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :61-70

GIRIS petrol krizi, tim Diinya’ya fosil kaynakh yakitlarin arzinin

dengesiz oldugunu gostermis, bu nedenle sirekli arz
Fosil kaynaklarin tiikenmesi ve diinya enerji ihtiyacinin edilebilen kaynak arayisina girilmesine neden olmustur.
hizla artmasi, insanlari yeni enerji kaynaklari arayisi Bu nedenle yenilenebilir eneriji i¢in ¢calismalar yapilmaya

icerisine sokmustur. Ozellikle 1976 vyilinda yasanan baslanmistir. Daha sonraki yillarda ise ¢evre sorunlarinin
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yasami tehdit eder nitelikte artmasi, insanlara
yenilenebilir enerjinin ne kadar o6nemli oldugunu
gostermistir. Yenilenebilir enerjinin ekonomik agidan da
avantajli olmasi Ulkeleri bu sektdre yatirm yapmaya
yoneltmistir (Colakoglu, 2018).

Yenilebilir enerji, insan midahalesi olmadan dogal
cevreden surekli veya tekrarlamali olarak akan enerji
seklinde tanimlamaktadir (Acaroglu, 2013). Yenilenebilir
enerji kaynaklari icerisinde en blylk arastirma payina
sahip olan biyokitledir. Biyokitle, tarimsal ve orman
Urlnlerinin islenmesinden sonra ortaya ¢ikan her tirli
atiga verilen ad olup. kati, swvi ve gaz halde
bulunabilmektedir.  Biyokitle, bitkilerin ve canli
organizmalarin kokeni olarak ortaya c¢ikar yani giines
enerjisini fotosentez vyoluyla depolayan bitkisel
organizmalar olarak bilinmektedir. Biyokiitle
malzemeleri arasinda sap, saman, somek, kabuk, kispe
gibi tarimsal artiklarin yaninda talas, ahsap, yonga ve
aga¢ kabuklari gibi orman artiklarinin  ener;ji
potansiyelleri oldukca yuksektir (Demirbas, 2001).
Tarimsal  artiklar  ener;ji amaciyla dogrudan
yakilabildikleri gibi, parcalanma, kurutma ve sikistirma
gibiislemlerden gecirilerek pelet ya da briket seklinde de
kullanilabilirler. Pelet kilglik silindirik bir forma sahip olan
genellikle 6-8-10 mm ¢apinda ve 10-40 mm arasinda
uzunlugu olan, sikistirilmis; talas, odun yongalari, agac
kabugu, agac dallar, ekinlerin saplar, findik, agac
diplerindeki kozalak gibi dogal Uriin ve atiklardan elde
edilen bir yakit gesididir. Briket ise lignin bakimindan
zengin orman ve tarimsal artiklarin higbir kimyasal tutkal
ve katki kullanilmadan kurutulup 6gltlldikten sonra
yliksek basingla sikistirilmasi sonucunda yogunlugu
arttirilarak farkli bigcimlerde Uretilen ve enerji saglamada
kullanilan kati yakittir. Pelet ve briketler evlerin
Isinmasinda, merkezi isitma sistemlerinde, termik
santrallerde kémdirle birlikte yakilarak isi ve elektrik
enerjisi Gretiminde kullaniimaktadir. (Saragoglu, 2010).
Ozellikle son dénemlerde, atil durumda bulunan tarimsal
atiklarin evlerde 1sinma amach briket Uretiminde
hammadde olarak kullanilmasi  hem laboratuar
ortaminda hem de ticari olarak biyiik 5nem kazanmistir.
Ulkemizde 6nemli miktarlarda tarimsal atik (herhangi bir
sekilde degerlendirilmesi yapilamayan pamuk sapi,
aycicegi sapi, vb tarimsal atiklar) yasak olmasina ragmen
her yil tarlada yakilmakta veya evlerde yakacak olarak
degerlendirilmeye cahlsiimaktadir. Bu atiklarin evlerde
yakacak olarak degerlendirilmesini cazip hale getirmenin
baslica yolu ise bunlarin tasimasini ve sobalarda
yakilmasina imkan saglayacak briketleme sistemleridir(
Boztepe ve Karaca, 2009).

Yapilan bir galisma, piring kabugu, misir nisastasi ve
gliserolden biyoyakit tiretiminin teknik uygulanabilirligini
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gostermistir. Piring kabugu ve misir kalintilari, bitkisel
kaynakh enerji kaynaklari oldugundan, yenilenemeyen
fosil yakitlarin yerine siirdiirilebilir ve uygun maliyetli bir
hammadde saglamaktadir (COSTA ve ark., 2019).

Briketleme, disiik kitle yogunluguna sahip Tarim ve
ormancihk artiklarinin (biyokitle) yiksek yogunluklu ve

enerji konsantre vyakit briketlerine donistiridlmesi
islemidir. Biyokutle briketlere donistirildiginde
kullanimi,  tasinmasi  ve  saklanmasi kolaydir.

Biyokiitleden yapilan briketler, dogal malzemelerden
yapildigi icin kémdr igin mikemmel bir alternatiftir. Sera
gazl veya zehirli kimyasal madde yaymazlar. Briketler,
sikistiriimig oldugu igin ve daha uzun siire yanmalarindan
dolay1 gevsek biyokitleden daha iyidir. Briketleme,
biyokiltle artiklarinin neden oldugu atik ve kirlilik
sorununu c¢ozmektedir. Celtik saplari, misir sap ve
kogani, seker kamisi atiklari, testere tozu, borilce
samanlari ve yer fistigi kabuklari, briketler icin uygun
hammaddelerdir. Biyokitle yakitlardaki kikirt icerigi
Onemsizdir ve bu nedenle yandiginda asit yagmuru
olusturan kiikirt dioksit emisyonuna katkida bulunmaz.
Ayrica yandiginda tarim ve artiklar, kdmiriin yanmasina
kiyasla daha az kil igerir. Tarim ve artiklardan elde edilen
kil, ciftliklerde potasyum ve fosfor icin katki maddesi
olarak kullanilabilir (Sarakikya ve Kirobo, 2018).
Tarimsal artiklar (ilkemizde oldugu gibi, bircok llkede de
yenilenebilir enerji kaynag olarak kullanilabilecek
onemli bir yakit kaynagidir. Anna ve ark. (2019),
Endonezya’da vyaptiklari ¢alismada, tropik meyve
artiklarinin (muz, hindistan cevizi, kakao, kahve vs.)
potansiyel bir biyoyakit kaynagi oldugunu belirtmislerdir.
Elde edilen briketlerin yogunlugunun 1050 kg/m?
Uzerinde oldugunu belirtmislerdir. Tropikal meyve
atiklari biyokdtlesinin, biyo-briket Gretimi icin uygun bir
malzeme oldugunu ve Gilneydogu Asya (lkelerinde,
ozellikle kirsal alanlarda bircok faydasi olan potansiyel ve
cazip bir enerji kaynagi oldugunu bildirmislerdir.
Hindistan’da her yil hava kirliligine neden olan gevsek
bicimde ya tahrip edilen ya da verimsiz bir sekilde yakilan
milyonlarca ton tarimsal atik Gretilmektedir. Bu atiklar
herhangi bir baglayici eklenmeden yilksek yogunluklu
yakit briketlerine donustlirerek yenilenebilir bir enerji
kaynagi saglanmaktadir. Biyokitleyi briketlemenin,
tasima ve depolama problemlerinin yani sira biyokdmir
Uretimi izerinde de avantaja sahip oldugu bildirilmistir.
Hindistan’da peletleme ve vidalama (helezon)
briketleme  hakim  durumdadir, hidrolik  pres
kullanilmamaktadir. Bu iki makine tipi, talas ve tarimsal
atiklari yogunlastirmak icin farkli islemlerde ve sekillerde
kullanmaktadir (Maninder ve ark., 2012).

Malezya'da yiksek oranda tiketilen meyvelerde, muz
kalintilarinin atilmasi sorunu ortaya ¢ikmaktadir. Bu
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tarimsal atikk malzemenin  biyokitle briketinde
kullanilmasi ¢oziimlerden biridir. Bu nedenle, briket
yogunlugunun, yanma oraninin, kil iceriginin, alev
tutusmasinin ve kalorifik degerin belirlenmesi icin
partikiil buydkligli ve nem muhtevasindaki degisiklik
onemli olmustur. Tanimlanan 6zelliklerin tima igin en
kaliteli muz kalintisi briketinin, partikil buydkligia 150
um ve % 8 nem orani ile oldugunda elde edildigi
gortlmustlir. Muz artiklarindan elde edilen briketin
kalorifik degeri, parcaciklarin boyutu arttikca artar.
Hesaplanan briket icin en yilksek isil degerin, 500 um
partikal bayuaklaga icin 19,491 kJ / kg (4663 kcal/kg)
oldugunu géstermektedir (M. Nazari ve ark., 2019).
Letonya’da tarimsal biyokltle 6nemli bir kati yakit
kaynagidir. Enerji bitkilerinden o6zellikle kenevir
(Cannabis sativa L.), lif keten ve keten tohumu (Linum
usitatissimum L.), aygicegi (Helianthus annuus L.) ve saz
kanarya otu (Phalaris arundinacea L.) test edilmistir.
Bunlarda keten ve aycicekleri yiiksek kalorifik degere
sahiptir. Kal icerigi tum bitki artiklarinda oldukga
ylksektir. En yiksek 1sil deger, 1052C aycicegi kuru
maddesinde 20.6 MJ kg* (4928 Kcal/kg) ve liflik keten
icin 18.5 MJ kg-1 (4426 Kcal/kg) dir (Komlajeva ve ark.
2019).

Endonezya ve Vietnam’da bazi otsu artiklar, biyoyakit
kaynagl olarak incelenmistir. Bahsedilen tim atik
turlerinde, nem, kil ve ugucu madde icerigi (%) ile alt ve
ust 1sil degerleri (MJ kg?) analizlere tabi tutulmustur. En
yuksek kil icerigi, seker kamisi kiispesi (% 0.84), manyok
saplari (% 3.14) ve su simbdllerinden (% 14.16) elde
edilmistir. En ylksek 1sil degerleriise manyok saplari 17.5
MJ kg ~ ! (4187 kcal/kg); muz kabuklari 17.3 MJ kg ~*
(4139 kcal/kg) ve su simbiiliinden 12.8 MJ kg ~* (3062
kcal/kg) seklinde elde edilmistir (Brunerova ve ark.,
2018).

Malavi'de 2016 yilinda, muz kabugu ve testere tozu
karisimi ile yakit briketlerinin yanma karakteristikleri
Uzerine bir arastirma yuritilmastir. Muz kabuklar +
talas ve atik kagit + talas islemleri incelenmis, kil icerigi,
sirasiyla % 10.1 ve % 10.5 olmustur. Yanma orani, kil
icerigi, nem icerigi, kuru madde ve islemler arasinda
ucucu madde bakimindan énemli bir fark bulunmamustir.
Sonuglar, muz kabugunu, yanmay! destekleyen iyi
kaynak yakit briketi olarak kullanma olasiligini
dogrulamaktadir (Thulu ve ark., 2016).

Ulkemizde tarla bitkileri artiklarinin yani sira, meyve
budama artiklari da yenilenebilir enerji kaynagi olarak,
onemli bir potansiyele sahiptir. Dok ve ark, (2018),
yaptiklari bir galismada, seftali budama artiklarindan
elde edilen pelet ve briketlerin yakit 6zelliklerinin
incelenmesi sonucunda, AB pelet ve briket standartlari
yoniinden ve sinmadan kaynaklanan hava kirliliginin
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kontroll yonetmeligi yoniinden her hangi bir sakincanin
olmadigini belirlemislerdir.

Tirkiye'de tarim alanlarindan her yil yaklasik 55-60
milyon ton biyokiitle artiklari iiretilmektedir. Ulkemizde
misir ekim alani, 600,000 ha civarinda, tretim ise 5,500-
5,600 milyon ton civarindadir (Anonymous, 2019).
Hasattan sonra kalan hasat artig miktari da yaklasik elde
edilen Urdnidn yarisi kadardir. Bazi tarim Urlinlerinde
hasattan sonra dekar basina elde edilen artik miktari
belirlenmis olup musir igin 528 kg/da civarinda bir artiga
denk gelmektedir (Colakoglu, 2018). Bunlarin
parcalanmak sartiyla tarlada birakilmasi arzu edilir. Aksi
taktirde sonraki urinin ekimine engel teskil eder. Bu
artiklarin bazi bolgelerde bugday anizi gibi yakildig
gorilmektedir. Halbuki bu artiklar degerli bir eneriji
kaynagidir. Bu artiklarin % 65’inin toplanip kati yakit
olarak degerlendirilmesi suretiyle yillik yaklasik 2 milyon
ton civarinda kati yakit pelet ya da briket elde etmek
mimkindir.

MATERYAL ve YONTEM

Bu arastirmada materyal olarak, tilkemizde yaygin olarak
yetistiriciligi yapilan misir bitkisinin hasattan sonra arta
kalan ve herhangi bir sekilde degerlendirilmeyen misir
sapi kullanilmistir. Ayrica materyal olarak helezon briket

makinesi, sap oguticiler, kurutma firini, cekicli
degirmen ve fiziksel test araglari kullaniimistir.
Tarimsal artiklarin  briketlenmesinde helezon tip

briketleme makinesi kullaniimigtir. Kullanilan briket
makinesi, kalip 1sitmal 6 gen kalipli briketleme makinasi
olup makina hareketini 24 kW giiclinde trifaze bir
elektrik motorundan almaktadir. Briket makinasinin
kalip kisminin isitilmasi amaciyla termostat kontrolli 2.2
kW giictinde plakali tip 1siticilar kullanilmistir. Calismada
kullanilan misir saplari, hasattan sonra Enstitimuz
biyokiitle Unitesine getirilmistir. Briketleme islemi
yapilacak Urinler ¢ farkli ebatta hazirlanmistir. Bu
ebatlar asagida verilmistir.

e Kalin 6gutiilmis (6 mm)
e Ortaincelikte 6gutiilmus (4 mm)

e ince 6gitilmis (2 mm)

Misir saplari, ¢cekicli degirmen ve 6gltlicliden gecirilerek
yukarida belirtilen boyutlara getirilmistir. Daha sonra
pargalanmis materyallerin nem orani % 10’dan asagiya
disurilinceye kadar (% 7 ile 8) biyokitle Unitesindeki
mevcut kurutma firininda kurutulmustur.

Briketleme islemi, helezon tip briket makinesinde, kalp


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(0zel Sayi): 61-70

Arastirma Makalesi / Research Article

sicakligl 225, 250, 275 ve 300 °C olmak Uzere 4 farkli
sicaklikta yapilmistir. Materyal 6nce her biri 60 kg olacak
sekilde 3 parcaya ayrilmis olup, cekicli degirmende 2, 4
ve 6 mm lik eleklerden gecirilerek parcalanmis, daha
sonra her materyal 15 er kg olacak sekilde boéllinerek 4
farkh sicakhkta briketleme islemine tabi tutulmustur.

Elde edilen briketlerde Isil deger, Nem, Kil, Briket
yogunlugu, Kirilma Direnci (Shatter), Dayaniklilik Direnci
(Tumbler), Briketlerin deformasyon kuvveti direnci. Su
alma direnci. Esdeger nem icerigi ve Baca gazi emisyon
degerleri (0O,, CO, CO,, SO,;, NOx, NO,, SO; ) analizleri
yapilmistir

Cizelge 1. Misir sapindan elde edilen briketlerde incelenen fiziksel karakterler

Faktorler incelenen parametreler
Briketlﬁ;)i)n Nemi Ustisil deger (kcal/kg) ;22; Ef;edé:;:ZT
Parca boyu (A)
2 mm 4:7.33-A 4:4318-A 6:6.63-A 2:0.54-A
4 mm 6:6.90-B 2:4312-B 4:6.40-A 6:0.49-B
6 mm 2:6.32-C 6:4288-C 2:5.94-B 4:0.43-C
Onemlilik *x *x *x *x
Sicaklik(B)
225°C 225:8.80-A 275:4329-A 250:6.74-A 275:0.77-A
250°C 300:6.90-B 300:4309-B 225:6.35-AB 300:0.49-B
275°C 250:6.43-C 225:4308-B 300:6.21-B 250:0.45-B
300°C 275:5.27-D 250:4278-C 275:6.00-B 225:0.24-C
Onemlilik *x * * *x
4-225:9.91-A 4-275:4339-A 4-250:7.23 2-275:1.11-A
2-225:8.40-B 4-225:4336-A 6-250:6.78 4-275:0.76-B
6-225:8.10-C 6-275:4334-A 6-275:6.62 2-300:0.63-C
4-300:7.70-D 2-225:4333-A 6-300:6.60 6-250:0.53-D
4-250:7.40-E 4-300:4330-A 6-225:6.53 6-300:0.52-D
6-250:7.29-F 2-275:4312-B 2-225:6.33 6-225:0.46-DE
AxB interaksiyonu
6-300:6.70-G 2-300:4304-BC 2-250:6.21 6-275:0.45-DE
2-300:6.29-H 2-250:4299-C 4-225:6.20 4-250:0.42-EF
2-275:6.00-| 6-300:4294-C 4-300:6.17 2-250:0.39-EF
6-275:5.51-J 4-250:4269-D 4-275:6.01 4-300:0.33-F
2-250:4.60-K 6-250:4267-DE 2-300:5.85 4-225:0.22-G
4-275:4.30-L 6-225:4256-E 2-275:5.37 2-225:0.05-H
Onemlilik ok ok 0D ok
DK (%) 0.67 0.18 7.75 11.22
BULGULAR ve TARTISMA yakilmakta ve topraklar icin blylik kayiplar olmaktadir.

Misir hasat edildikten sonra, elde edilen Grinin yaklasik
yarisi tarlada artik olarak kalmaktadir. Bu artiklar topraga
karistirilarak topragin organik maddesinin yikselmesine
yardimci olur. Toprak igin en iyisi de budur. Ancak bazi
bolgelerde bu artiklar topraga karistiriimayarak
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Rastgele yakilan bu artiklar toplanip biyoyakit olarak
pelet ya da briket yapilirsa iyi bir enerji kaynagi olacagi
disindlmektedir. Bu c¢alismada misir sapi artiklari
briketlenmek suretiyle degerlendirilmislerdir. Elde
edilen briketlerde incelenen kriterler ve yapilan analizler
sonucunda elde edilen veriler asagida verilmistir.
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Cizelge 2. Misir sapindan elde edilen briketlerde incelenen fiziksel karakterler

Faktorler

incelenen parametreler

Dayanikhhk direnci-

Kirilma direnci-

Sikisma direnci

Briket Yog. (Kg/m3)

Tumbler (%) Shatter (%) (Newton/m?)
Parga boyu (A)
2mm 05:33.5 05:37.0 4:15616-A 6:995-A
4 mm 03:33.1 07:36.6 6:14330-B 4:995-A
6 mm 07:31.8 03:26.4 2:11694-C 2:927-B
Onemlilik oD 0OD ok ok
Sicakhk(B)
2250C 250:96.26-A 225:98.40 225:15764-A 225:1026-A
250 °C. 225:95.26-A 250:98.32 250:15391-A 300:964-B
275 °C. 300:90.63-B 300:89.33 275:13979-B 250:960-B
300°C 275:89.07-B 275:87.28 300:10386-C 275:939-B
Onemlilik ok OD ok ok
6-250:97.07-A 4-225:99.63 4-225:18527-A 4-225:1089-A
6-225:96.63-A 6-250:99.60 6-225:17617-AB 2-250:1068-AB
4-250:96.37-A 4-300:99.33 4-250:16532-AB 4-275:1059-AC
4-225:95.80-A 6-225:99.03 4-275:15897-BC 4-300:1023-BD
2-275:95.67-A 4-250:98.50 6-250:15572-BD 6-225:1007-BD
. . 4-300:95.40-A 6-300:97.87 2-250:14069-CE 6-250:1003-CD
AxB interaksiyonu
2-250:95.33-A 2-250:96.87 6-275:13478-DF 6-275:994-D
2-225:93.33-A 2-225:96.53 2-275:12560-EG 2-225:984-D
6-300:88.30-B 4-275:90.43 4-300:11508-FG 6-300:976-D
2-300:88.20-B 6-275:90.03 2-225:11148-FH 2-300:894-E
4-275:86.27-B 2-275:81.37 6-300:10653-GH 4-250:808-F
6-275:85.27-B 2-300:70.80 2-300:8998-H 2-275:763-F
Onemlilik ** 0D * **
DK (%) 2.99 13.72 10.35 3.77
Ust 1sil deger

Misir sapindan elde edilen briketlerin Ust 1sil degeri,
parca boyutu ve kalip sicakligindan 6nemli derecede
etkilenmislerdir. Denemede elde edilen isil degerlere ait
veriler c¢izelge 1’de gorilmektedir. Cizelgede de
goraldugu gibi, parca boyutunun ki¢tilmesiyle 1sil deger
yukselmis, kalip sicakliginin yiksek olmasi yine isil deger
ylkselmistir. En ylksek 1sil deger 275 derecelik kalp
sicakhgindan 4329 kcal/kg ile en dusuk 1sil deger de 250
derece kalip sicakligindan 4278 kcal/kg ile elde edilmistir.
Elde edilen isil degerin TSEN-ISO-17225-7 (cizelge:4)
standardinin A sinifi Grlnlerinin Gzerinde oldugu ve 1sil
deger yoninden iyi bir vyakit olabilecegini
gostermektedir. Kalip sicakligi x parca boyutu
interaksiyonu da 6nemli bulunmus ve en yiksek isil
deger, 4 mm parc¢a ve 275 derece kalip sicakhgindan
OlglImastir.
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Briket nemi

Denemede elde edilen briket nemine ait veriler gizelge
1’de gorilmektedir. Cizelgede de goruldigu gibi genel
olarak briketlerin nemi % 10 un altinda bulunmustur.
Parca boyutu biyldikce nem orani diistik olurken orta
kalip sicakligindan da dusik nemde drinler elde
edilmistir. interaksiyon degerleri incelendiginde de en
disik nem degerlerinin li¢ parca boyunda da 275 derece
civarinda elde edildigi gorilmektedir. Elde edilen
briketlerin neminin diisik olmasi, briketlerin muhafazasi
ve kaliteli yakit icin dnemlidir. Briket nem degerleri,
TSEN-ISO-17225-7 standardinin A sinifi  Grdnlerinin
altinda oldugu ve briket nemi yéniinden kabul edilebilir
iyi bir yakit olabilecegini gostermektedir.
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Cizelge 3. Misir sapindan elde edilen briketlerde incelenen su alma indeksi ve baca gazi emisyon degerleri (*)

Faktorler

incelenen parametreler

(%) Su alma-

60 sn.de 02 (%) CO2 (%) CO (ppm) NO (%) NOXx (ppm)
Parga boyu (A)
2mm 2:28.28-A 6:18.88-A 2:2.64-A 2:1800-A 4:66.25-A 4:69.67-A
4 mm 6:17.74-B 4:18.38-B 4:2.51-B 4:1445-B 2:60.25-B 2:63.25-B
6 mm 4:14.01-C 2:18.24-C 6:2.00-C 6:1419-C 6:53.33-C 6:56.08-C
Sicakhk(B)
2250C 300:33.93-A 250:19.40-A 300:3.34-A 225:1986-A 300:81.56-A 300:85.67-A
250 °C 225:19.79-B 225:18.77-B 275:2.57-B 275:1507-B 275:66.67-B 275:70.00-B
275°C 275:14.66-C 275:18.30-C 225:2.11-C 300:1396-C 225:55.22-C 225:58.11-C
300 °C 250:11.67-C 300:17.52-D 250:1.51-D 250:1329-D 250:36.33-D 250:38.22-D
2-300:58.47-A 2-250:19.50-A 2-300:4.03-A 2-225:2918-A  4-300:108.33-A  4-300:114.00-A
2-225:29.53-B  6-250:19.40-AB 4-300:3.90-B 6-275:1976-B 2-300:84.33-B 2-300.88.33-B
6-300:23.90-BC  6-225:19.30-B 6-275:2.80-C 2-300:1831-C 6-275:79.00-C 6-275:83.00-C
6-275:19.77-CD  4-250:19.30-B 2-225:2.73-C 4-225:1706-D 4-275:62.33-D 2-225:65.33-D
4-300:19.43-CD  4-225:18.87-C 4-275:2.50-D 4-275:1527-E 2-225:62.00-D 4-275:65.33-D
. . 6-225:15.73-DE  6-300:18.80-C 2-275:2.40-D 2-250:1431-F 2-275:58.67-E 2-275:61.67-E
AxB interaksiyonu
2-275:15.67-DE = 2-275:18.50-D 6-300:2.10-E 6-225:1335-G 4-225:54.33-F 4-225:57.33-F
4-225:14.10-DF  4-275:18.40-D 4-225:2.00-E 6-250:1321-G 6-300:52.00-F 6-300:54.67-G
4-250:13.97-DF  2-225:18.13-E 4-250:1.63-F 4-300:1312-G 6-225:49.33-G 6-225:51.67-H
6-250:11.57-EF  6-275:18.00-F 6-225:1.60-FG  4-250:1234-H 4-250:40.00-H 4-250:42.00-1
2-250:9.47-F 4-300:16.93-G 6-250:1.50-GH  6-300:1045-I 2-250:36.00-I 2-250:37.67-)
4-275:8.53-F 2-300:16.83-G 2-250:1.40-H 2-275:1018-I 6-250:33.00-J 6-250:35.00-K
DK (%) 17.5 0.38 3.19 1.67 2.53 2.41
(*) SOz degeri 0 olarak 6lgllmustir.
Kiil igerigi bir yakit olabilecegini gostermektedir. Bunun igin
Misir sapindan elde edilen briketlerin kil oranlari gizelge parcacik boyutunun kiglk ve kahlp sicakhginin da disik
1’ de gorilmektedir. Kil igerigi % 7 nin altinda sicaklikta (225-250°C civarinda) olmasi gerektigi

gerceklesmistir. Uriinlerin kiil igerigi, parcacik boyutuna
ve kalip sicakligina gére degismekle birlikte, genel olarak
% 6 civarinda bulunmustur. Par¢a boyu blylidikce kiil
orani da yukselmistir. Genel olarak tarla bitkilerinin kil
oranlari, agag tlriinden yapilan Urinlerin kil oranindan
ylksektir. Ancak elde edilen briketlerin kil orani, TSEN-
ISO-17225-7 standardinin B sinifi Grlinlerine uygun
oldugu goérulmektedir(cizelge:4).

Esdeger nem icerigi

Briketin Uretildigi andaki ve 21 glin sonraki agirligindaki
artisin gostergesidir. Depolama sirasinda acikta kalan
briketler, havanin neminden de etkilenebilir ve
blinyelerine nem ¢ekerler. Havadan alinan nemin dislik
olmasi, briketin uzun sireli muhafazasi icin 6nemli bir
kriterdir. Denemede elde edilen briketlerin es deger nem
iceriklerine ait veriler c¢izelge 1'de gorilmektedir.
Cizelgede de gorildigu gibi Esdeger nem igeriginin
diistk olmasi, misir sapindan elde edilen briketlerin iyi
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gorilmektedir.

Briket dayaniklilik direnci (Tumbler)

Briketlerin nakliye sirasinda dayanikliiginin élgllerinden
birisidir. Ozel cihazlarla yapilan bu testten % 95 iizeri elde
edilen sonuglar, kaliteli Grlinlin gostergesidir. Denemede
elde edilen briketlerin dayaniklilik direncine ait veriler
cizelge 2’de goriilmektedir. Cizelgede de goruldigu gibi
genel olarak misir sapindan elde edilen briketlerin
dayaniklihk  direngleri, yiksek olmakla birlikte,
standartlarda istenen degerlerden diisiik bulunmustur.
Elde edilen sonuglara gore, parca boyutunun dayanikhlik
direncine etkisi 6nemsiz, kalip sicakliginin etkisi de
onemli bulunmustur. Misir sapindan elde edilen
briketlerin dayanikhlik direncinin yiiksek olmasi igin 225-
250 derece civarinda kalip sicakliginin yeterli oldugu
gorulmektedir. Parga boyu - kalip sicakligl interaksiyonu
incelendiginde de blyuk pargalarin distk
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kalip sicakliginda Uretildiginde, standartlara uygun (% 95
ve lizeri) briketler elde edildigi
gorilmektedir (cizelge 2).

Briket kirilma direnci (Shatter)

Briketlerin  nakliye ve depolanmasi  sirasinda
dokilmelerden kaynaklanan saglamlik olgllerinden
birisidir. Bunda da % 95 ve (izeri degerlerin elde edilmesi
arzu edilir. Elde edilen veriler incelendiginde, misir
sapindan elde edilen briketlere parca boyutunun, kalp
sicakliginin  ve interaksiyonun ©6nemsiz  oldugu
bulunmustur. Ancak par¢a boyunun 2 mm oldugu
konulardan elde edilen briketlerin kirilma direng, % 95 in
altinda bulunmustur. Yine kalip sicakliginin 275 ve 300
derece oldugu konulardan elde edilen briketlerin de
kirilma direnci % 95 in altinda bulunmustur. Her ne kadar
istatistiki acidan 6nemsiz olsa da, standartlara uygun bir
Uran elde edilebilmesi icin parca boyunun buyik (4-6
mm) ve kalip sicakhginin da disik (225-250 derece
arasinda) olmasi gerekmektedir. Denemeden elde edilen
kirilma direncine ait veriler gizelge 2’ de verilmistir.

Deformasyon (Sikisma) direnci

Briketlerde incelenen bu o6zellik briketlerin fiziksel
darbelere karsi dayaniklilik ve saglamliginin olglsudur.
Ozellikle depolama sirasinda driinlerin  Ustiiste
konulmasiile ortaya cikan kayiplarin az olmasi arzu edilir.
Denemede elde edilen briket sikisma direncine ait veriler
cizelge 2’'de goriulmektedir. Cizelgede de goruldigu gibi
genel olarak misir sapindan elde edilen briketlerin
sikisma direncleri, 18,500 ile 9000 N/m? arasinda gayet
yliksek degerlerde bulunmustur. Bu degerler, misir
sapindan sikisma direnci yiiksek briketler elde edildigini
gostermektedir. Cizelgede de gorildugi gibi, orta parga

boyutlu ve disiik kahp sicakligi ile sikisma direnci yiiksek
dranler elde edilmistir.

Briket yogunlugu

Briket yogunlugu, briketin kalitesini belirleyen bir fiziksel
karakterdir ve ylksek olmasi arzu edilir. Misir sapinin
hammadde  yogunlugu 173  Kg/m*®  oldugu
disindldiginde, briketlemeyle biyokitlenin hacminin
ne kadar azaltildigi gorilebilir. Denemede elde edilen
briket yogunluguna ait veriler cizelge 2’de
gorulmektedir. Cizelgede de gorildugi gibi genel olarak
orta parca boyutlu briketlerinin daha yliksek yogunlukta
oldugu gorilmektedir. Kalp sicakligi yoninden ise,
dusiik ve orta kalip sicakhgindan daha ylksek degerli
briketler elde edildigi, interaksiyon degerlerinde ise orta
parca boyutunda ve disitk sicakhklarin uygun oldugu
gorilmastir. Elde edilen briketlerin yogunlugu, TSEN-
ISO-17225-7 standardinin A sinifi Grlnlerinin {zerinde
oldugu ve briket yogunlugu yoniinden iyi bir yakit
olabilecegini gostermektedir. Karaca ve Bascetingelik,
yerfistigini helezon tip briket makinesinde briketleyerek
fiziksel 6zelliklerini incelemislerdir. Briketlemeden 6nce
hammadde nemi: 9.21, briket nemi: 6.43, olarak
Olclilmustiir. Hammadde yogunlugu: 181.45, briket
yogunlugu da 1573.58 kg/m3, sikisma direnci, 4555
N/m?, Gst 1sil degeri, 19.57 Mj/kg (4682 kcal/kg). olarak
belirlenmistir. Yerfistigi kabugu briketi ve odunun baca
gazi emisyonlari kiyaslandiginda CO, CO, ve SO,
emisyonlarinin  odunun yanmasi sonucu olusan
emisyonlardan daha disik oldugu belirlenmistir. Fakat
NOx emisyonu odununkinden yiiksek ¢ikmistir (Karaca
ve Bascetingelik, 2011). Bu c¢alismada elde edilen
sonuglar, bizim buldugumuz sonuglara benzerlik
gostermektedir.

Cizelge: 4 Ogutilmis odunsu olmayan-bitkilerden elde edilen briketlerin fiziksel &zellikleri- TS EN-1SO-17225-7

standardi-(Ocak-2015).

KAYNAK BITKISEL BiYOKUTLE
SINIFI A B
Nem (%) 12<12 15<15
Kal (%) 6<6 10<10
Mekanik dayaniklilik (%) Tumbler 95>95 95295
Pargacik dagilimi (%) 222 5<5
Bilesenler-Katkilar (%) <5 <5
Briket yogunlugu (Kg/m3) 900<900 600<600
Isil deger (MJ/kg) 14.5>14.5 14.5>14.5
Isil deger (Kcal/kg) 346323463 346323463

Briketin su alma direnci (%)

Hangi malzemeden vyapilirsa yapilsin, briketlerin
muhafazasi ¢ok 6nemlidir. Depolanmasi sirasinda ve
diger asamalarinda briketler, suyla kesinlikle temas

etmemelidirler. Sayet bu sartlar saglanamayip briketler
suyla temas ederlerse, suya karsi direnclerinin gostergesi
olarak briket Uretildikten yaklasik bir hafta-10 giin sonra
su alma testine tabi tutulurlar. Buradaki kistas, 60 saniye
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boyunca suda bekletmek seklinde olmaktadir. Kalite
kriteri olarak 60 saniye sonunda, briketin su alma
direncinin % 50’nin altinda olmasi beklenir. Denemede
elde edilen briketlerin su alma direnglerine ait veriler
cizelge 3’de gorilmektedir. Cizelgede de goriildigi gibi
genel olarak, orta-blaylik boy (4-6 mm) pargali
materyalden ve orta kalip sicakliginda (250 derece) elde
edilen drilnlerin suya karsi daha dayanikli olduklar
gdrilmistir. interaksiyon tablosu incelendiginde de 6-4
mm boyutlu ve 250-275 kalip sicakligindaki trinlerden
su alma direnci ylksek Grlinler elde edildigi
gorilmektedir.

Baca gazi emisyon degerleri

Misir sapindan elde edilen briketler, baca gazi emizyon
degerlerinin belirlenmesi amaciyla briket sobasinda
yakilarak cevreye salmis olduklari gaz miktarlari (O,, CO,
CO,, SO,, NOx, NO;) tespit edilmistir. Belirlenen baca gazi
miktarlarinin, Isinmadan Kaynaklanan Hava Kirliliginin
Kontroli  Yonetmeligindeki kabul edilebilir sinirlarin
altinda olduklar goérilmektedir, hatta SO, miktarinin
bircok konularda hi¢ olmadigi gorilmistiir(cizelge:3).
Karaca ve Bascetingelik (2014), defne yapragi briketi ve
odunun baca gazi emisyonlari kiyaslandiginda CO, CO,,
SO, ve NOx emisyonlarinin odunun yanmasl sonucu
olusan emisyonlardan daha disiik oldugu belirlenmistir.
Arastiricilar, Isinmadan Kaynaklanan Hava Kirliliginin
Kontroll (IKHKKY) biyokitle ve odun yakiti igin verilen
emisyon sinirlari ile kiyaslandiginda ¢alismada kullanilan
atiklarin bu sinirlarin ¢ok altinda kaldigi belirtmislerdir.
Yapilan bir ¢alismada, yiksek rutubet iceriginde, diisiik
kalorifik degere sahip olan kiimes atiklarinin, yakilabilir
kuruluga getirildiginde kalorifik degerinin ylkseldigi,
enerji degeri yiksek biyoyakit kaynaklari ile bir araya
getirildiginde, yanma 6zellikleri ve emisyon degerlerinde
iyilesme saglandigi tespit edilmistir. Yakit ozellikleri
iyilestirildiginde, kimes atiklari Uretildikleri kiimeste
yakit olarak kullanilmak Gzere katma deger eklenmis
yenilenebilir enerji kaynagi haline getirilebilir. Diger
yandan, kiimes atiklarinin yakilmasiyla ortaya cikan
yanma gazi emisyonlari yonetmelik sinir degerlerini
saglamaktadir. Kil emisyonlarinda ise toprak metalleri
ve fosfor orani yiksektir ve cevresel acidan risk
tasimamaktadir. Kalin icerdigi yiksek oranli fosfor geri
kazanildiginda glbre ham maddesi olarak da
degerlendirilebilir. Calismada kullanilan misir sapinin Gst
istl degerinin 4287 kcal/kg, nem miktar 11.62, kul:
%7.16, baca gazlan, 0,.18.37, C0,:2.53, CO: 1172,
NO:126, NOx: 137 ve SO, de 5.10 olarak tespit
edilmistir(Er ve Ozdemir, 2018). Bu calismada elde edilen
verilerle bizim almis oldugumuz verilerin paralellik
gosterdikleri gorilmektedir.
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Tarimsal atiklarin degerlendirilmesi enerji agiginin
giderilmesine fayda saglarken, ekonomik biyimeye de
katki saglayacaktir. Atiklarin degerlendirilmesinin ¢cevre
kosullarina sagladigi yarar da goéz Onlne alinirsa,
konunun ¢ok kapsamh olarak deger tasidig
anlasilacaktir. Bu nedenle yenilenebilir enerji igin tarim
Urlint Gretmek yerine, gida icin Uretilen Grinlerden arta
kalan atiklarin enerjiye donistiiriilmesi ekonomik ve
cevresel agidan olumlu bir davranis olacaktir. Tarimsal
atiklarin geleneksel kullanim ydntemlerinin yani sira
yenilenebilir enerji kaynagi olarak kullanilmasi, Tirkiye
ekonomisi agisindan son derece énemlidir (Colakoglu,
2018).

Bu calisma sonucunda tarimsal artiklardan birisi olan
misir sapinin biyoyakit olarak briketlenebilecegi ve yakit
ozelliklerine uygun 6zelliklerde bir Griin olabilecegi
belirlenmistir. Yapilan fiziki testler ve analizler
sonucunda misir sapindan elde edilen briketlerin TS EN-
ISO-17225-7 standardinda belirtilen B sinifi Grlinlerinden
daha kaliteli, A sinifina esdeger drlnler oldugu
gorilmastir. Uygun kalip sicakhgl ve pargca boyutu
kullanildigi taktirde bu calismada oldugu gibi, diger tarim
aranleri artiklarindan da kaliteli ve standartlara uygun
drinler elde etmek mimkiin olabilecektir. Dolayisiyla
tarimsal artiklardan elde edilen {rinler, odunun
kullanildigi  her yerde ikame (riin olarak yerini
alabileceklerdir. Boylece hem c¢evre kirliliginin 6niline
gecilmis, hem atil durumdaki tarimsal artiklarimiz kaliteli
bir Grine doniserek ekonomik olarak degerlendirilmis,
hem de yeni ve yenilenebilir bir yakit tirliine kavusmus
olunacaktir. Bu ¢alismada kullanilan misir sapi artigl
kiigimsenecek bir miktar degildir. Calismada belirtilen
miktarin yarisi bile degerlendirilebilse, ithal ettigimiz
linyit kdmirinin en az onda biri oraninda azalma s6z
konusu olacaktir. Ayrica bu drinler kati yakit olarak
komurtn kullanildigr her tirli ortamda kullanilabilirler.

Dolayisiyla kdmir ithalatinin  azalmasina katkida
bulunulmus olur. Ulkemizde her vyil i1sinma amagli
yaklastk ~ 7.000.000 ton linyit koémdir  ithal

edilmektedir(Dok ve ark, 2018). Ulkemizin degisik
bolgelerinde “artik” olarak bilinen her tirli tarimsal artik
ve meyve budama artiklarinin pelet ve briket halinde
degerlendirilmesi durumunda, kdmur ithalatinin belirli
bir kismini karsilamak mimkiin olacaktir. Boylece yeterli

tesis ve isletmeler kuruldugu takdirde, Ulkemizin
tarimsal artiklari degerlendirilmis olacak, yeni bir
istihdam kapisi agilarak llke ekonomisine katki
saglanmis, vyerli ve milli olan kaynaklarimiz

degerlendirilmis olacaktir. Koylerden biyilk kentlere
olan go¢ olayr da planh bir organizasyon yapildigi
takdirde son bulacak ve koyli kdylinde sehir konforunu
yasayacaktir.
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OzZET

Amag: Genis tarim alanlarina sahip Tirkiye icin biyokitle
enerjisi cok 6nemlidir. Turkiye'de tarim alanlarindan her
yil yaklagik 55-60 milyon ton biyokitle artiklar
uretilmektedir.

Yontemler ve Sonuglar: Bu calismada kurutulmus ve
ogutilmus misir sapi, kati yakit olarak kullanilmak Gzere
briket haline getirilmis ve briket kalitesine iliskin fiziksel
ozellikleri belirlenmistir. Briketler, 24 kW elektrik motor
glcline sahip helezon vidal briketleme makinesinde
Uretilmistir. Calismada kullanilan 6gitilmas misir sapi,
nem icerigi % 10 un altinda olacak sekilde
kurutulmustur. Briketleme asamasinda 4 farkli kalip
sicakligi ve 3 farkli pargacik boyutu calisilmistir. Briketler,
55 mm kalinliginda, merkezi delik ¢capt 12-15 mm olan
altigen briketler olarak Uretilmistir. Fiziksel testlerden
once, briketlerin stabilize olmalarini saglamak i¢in 7 giin
boyunca, 20 ° C sicaklik ortaminda bekletilmistir.
Briketlerin, briket yogunlugu, dayaniklilik direnci, kirilma
direnci, sikisma direnci, isil deger, nem, kil icerikleri,
baca gazi emisyon degerleri ve briketlerin su dayanimi
ozellikleri belirlenmistir.

Genel Yorum: Yapilan testler sonucunda, dretilen
briketlerde, kalip sicakhginin etkisi kirilma direnci
Uzerinde ©Onemsiz, parcacik boyutunun etkisi de
dayaniklilk ve kirilma direnglerinde 6nemsiz oldugu
gorllmuastir. Kahp sicakhgr ve pargacik boyutunun
incelenen diger karakterler Gzerinde 6nemli derecede
etkili olduklari belirlenmistir.

Calismanin Onemi ve Etkisi: Tarimsal kalintilarin
degerlendirilmesi, ekonomik blylimeye katkida
bulunurken enerji agiginin ortadan kaldirilmasina katkida
bulunacaktir.  Cevresel kosullar icin  kalintilarin
degerlendirilmesinin faydalarini dikkate alarak, konunun
cok kapsaml oldugu anlasilacaktir. Bu nedenle,
yenilenebilir enerji icin tarim Grlnleri Gretmek yerine,
gida aranleri disindaki kahntilarin enerjiye
dontstiridlmesi ekonomik ve cevresel olumlu bir
davranis olacaktir.enerjiye donistiirtilmesi ekonomik ve
cevresel agidan olumlu bir davranis olacaktir.

Anahtar kelimeler: Yenilenebilir enerji biyokiitle misir
sapli kati yakit briket.

CIKAR CATISMA BEYANI

Yazar(lar) c¢alisma konusunda c¢ikar

olmadigini beyan eder.

g¢atismasinin

69

KAYNAKLAR

Acaroglu M (2013) “Alternatif Enerji Kaynaklari”, Ankara:
Nobel Akademik Yayincilik.

Anna B, Roubik H, Broiek M, Herdk D, Sleger V,
Mazancova J (2019) Potential of Tropical Fruit Waste
Biomass for Production of Bio-Briquette Fuel: Using
Indonesia as an Example.
https://www.researchgate.net/publication  Erisim:
19.07.2019

Anonymous 2019.
http://www.zmo.org.tr/genel/bizden_detay.php?ko
d=30187&tipi=17&sube=0. Erisim:17,07,2019

Boztepe E, Karaca A (2009) Yenilenebilir Enerji Kaynagi
Olarak Tarimsal Atiklar. Enerji Kongresi. 21-23
Ekim.2009. izmir.

Brunerova A, Roubik H, Broziek M, Velebil J (2018)
Agricultural residues in Indonesia and Vietnam and
their potential for direct combustion: with a focus on
fruit processing and plantation crops. Agronomy
Research, https://doi.org/10.15159/AR.18.113.

Colakoglu B (2018) Tarimsal Atiklarin Alternatif Kullanim
Alanlari Konusunda Uretici Egilimleri. Namik Kemal
Universitesi Fen Bilimleri Enstitiisi Yiiksek Lisans Tezi,
Tekirdag-2018.

Costa SC, Barcelos R, Magnago RF (2019) Solid Biofuel
From Glycerol And Agricultural Waste As A Source Of
Energy.
http://www.cellulosechemtechnol.ro/pdf/CCT7-
8(2017)/p.765-774.pdf. Erisim:15,07,2019.

Demirbas A (2001) Biomass resource facilities and
biomass convesion processing or fuels and chemicals,
Energy Conversion and Manegement, Turkey, 1357-
1378.

Dok M, Acar M, Celik AE, Atagiin G, Akbas U (2018) Seftali
Budama Artiklarindan Yenilenebilir Enerji Kaynagi
Olarak Yararlanma imkanlarinin Arastirilmasi. Tarim
Makinalari Bilimi Dergisi, 14 (3): 193-198.

Er A, Ozdemir S (2018) Tavuk giibresi ve tarimsal atiklarin
biyoyakit  karakterlerinin  incelenmesi. Sakarya
Universitesi Fen Bilimleri Enstitiisii Dergisi, 22 (2):
489-494.

Karaca C, Bascetingelik A (2011) Yerfistigi Kabugunun
Briketleme Ozelliklerinin Ve Yanma Emisyonlarinin
Belirlenmesi. Vi. Yeni Ve Yenilenebilir Eneriji
Kaynaklari Sempozyumu Bildiriler Kitabi, Ekim 2011,
KAYSERI, Yayin No: E/2011/565.

Karaca C, Bascetingelik A (2014) Defne Yapraginin
Briketleme Ve Yanma Ozellikleri. Enerji Tarimi ve
Biyoyakitlar 4. Ulusal Calistayi, 28-29 Mayis 2014,
Samsun.



http://dergipark.gov.tr/mkutbd
https://www.researchgate.net/publication

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(0zel Sayi): 61-70

Arastirma Makalesi / Research Article

Komlajeva L, Adamovics A, Poisa L (2019) Comparison Of
Different Energy Crops For Solid Fuel Production In
Latvia. Latvia University of  Agriculture.
Lubasha_k@inbox.lv; Aleksandrs.Adamovics@llu.lv;
lienapoisa@inbox.Erisim:18.07.2019.

Nazari MM, Wan Othman WNA, Yusuff KM (2019)
Banana Residue as Biomass Briquette: An Alternative
of Fuel Energy. The 7th International Conference on
Sustainable Agriculture for Food, Energy and Industry
in Regional and Global Context, ICSAFEI2015
erisim:18.07.2019.

Maninder R, Kathuria S, Grover S (2012) Using
Agricultural Residues as a Biomass Briquetting: An
Alternative Source of Energy. IOSR Journal of
Electrical and Electronics Engineering (IOSRJEEE),
ISSN: 2278-1676 Volume 1, Issue 5 (July-Aug. 2012),
PP 11-15.

70

Saragoglu N (2010) Kiiresel iklim Degisimi, Biyoeneriji ve
Enerji Ormanciligl. Ankara: Efil Yayinevi.

Sarakikya H, Kirobo A (2018) Opportunities for Different
Agricultural and Forest Wastes as Sources of Energy
in Tanzania: An overview. International Journal of
Scientific Research Engineering & Technology
(JSRET), ISSN 2278 — 0882. Volume 7, Issue 2,
February 2018.

Thulu FGD, Kachaje O, Mlowa T (2016) A Study of
Combustion Characteristics of Fuel Briquettes from a
Blend of Banana Peelings and Saw Dust in Malawi.
International Journal of Thesis Projects and
Dissertations, 4 (3): 135-158.


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 24 (Ozel Say1):71-77, 2019
(Mustafa Kemal University Journal of Agricultural Sciences 24 (Special Issue):71-77,2019)
e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

e\ B
"d
=
Yen

/e

1st International Congress on Biosystems Engineering 2019 ARASTIRMA MAKALESi/RESEARCH ARTICLE

Effects of different drying conditions on physical changes of apple (Malus communis L.)
Elmalarin (Malus communis L.) bazi fiziksel degisimlerine farkli kurutma kosullarinin etkisi
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Aims: The aim of this study was to investigate some physical changes of
apple dried in cabin type dryer and to determine optimum drying
conditions.

Methods and Results: The volume, diameter, area, width, and thickness
properties of fresh fruits and dried fruits were measured using a digital
caliper as three replications. Color of products was measured according to
CIE-L", a*, and b” color space, and was calculated color index (Cl), hue angle
(h"), and chroma (C") values. According to the findings, optimum drying
condition was achieved in cabinet type dryer with the drying parameters
of 7 mm 10 hours 50°C and 7 mm 10 hours 60°C. In addition, the highest
chroma values after drying were obtained with the drying parameters of 5
mm 9 hours 50°C.

Conclusions: In the study, a positive correlation (p=0.99) was found
between initial L and initial area, initial chroma and initial b*, final a* and
final b".

Significance and Impact of the Study: Drying is the mass transfer process
consisting of the removal of water from the product in order to extend the
storage period of the agricultural product and to create a new product
market. Drying stages of agricultural products consist of a warming phase,
drying stage with constant speed and drying stage with decreasing speed.
Due to the loss of moisture during the drying process, some physical
changes occur in the products. The optimum drying duration, drying
temperature and product thickness should be determined in order to
achieve the desired moisture level of the dried product in different drying
conditions.

Keywords:
Apple, cabin type dryer, size, color.
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INTRODUCTION

Apple with an old and deep-rooted is the second most
widely cultivated fruit after banana. With an adaptation
capacity to various ecologies, apple is grown over large
geographical areas (Baytekin and Akca, 2011). World
annual production has about 76.5 million tons of apple.
Turkey with an annual production of 2.9 million tons has

third place in world apple production after China and the
USA (FAO 2012).

Drying is the process of decreasing the moisture in its
structure in order to extend the storage periods of
agricultural products (Aktas et al., 2013). In terms of the
nutritional value of the product as well as energy saving
of drying method, different types of drying methods are
investigated (Gungor and Ozbalta, 1997; Kartal
Kangaloglu, 2011).
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Convective drying is one of the most commonly used
methods. Circulating the air over the product by heating
the removal of water. In this way, the drying time is
shortened compared to the open sun drying process, the
product is better in terms of quality and hygiene. In
addition, process control is easy and investment and
operating costs are low (Mundada et al., 2010; Leonid et
al., 2006; Bondaruk et al., 2007; Orikasa et al., 2008;
Hiranvarachat et al., 2011).

Due to the loss of moisture during the drying, some
physical changes occur in the products. Optimization of
drying duration and temperature contributes to
improving product quality. In this study, some physical
changes of dried apple and optimum drying conditions
were determined in cabin type dryer.

MATERIAL and METHODS

“Red Chief” apple variety constituted the plant material
of this study. Apples were obtained from an apple
orchard in Kayseri province of Turkey. Dimensions were
measured with a digital caliper (£0.01 mm) and 30 fruits
were used for each dimensional measurement. The mass
of each fruit was measured using a digital balance
(£0.001 g). Apples were cut cylindrical in different sizes
with product slicer machine. Periodically the volume,
area, diameter, width, and thickness properties were
measured. The tests were conducted with 3 replications
in complete factorial experimental design.

Color measurements were performed with a
chromameter (CR-400; Konica Minolta, Japan). Drying
was carried out in a single unit drying cabinet (ETHK-20M
drying cabinet) with a capacity of 1500 kg. The moisture
content (wet basis) obtained from the drying
experiments was calculated by the following equation.
(Yagcioglu, 1999).

W, - W,

MR(w.b., %) = x100  Eq.(1)

'
where;

MR: moisture ratio (w.b.%),
W,,: Wet mass of product (g),
W: dry mass of product (g).

Color measured CIE-L", a*, and b* values were used to
calculate color index (Cl), hue angle (h*), and chroma (C”)
values (McGuire, 1992):

¢ =y@y+by Eq(2)
h =tan™(b /a), (ifa >0 andb >0) Eq.(3)
h =180+tan*(b"/a'), (ifa <0 andb >0) Eq.(4)
h'=180+tan?(b"/a’), (ifa <0 andb <0) Eq.(5)
h =360+tan’(b /a)), (ifa >0 andb <0) Eq.(6)
1000 o
b a.(7)

The drying process was carried out at two different
product thicknesses (5 and 7 mm), two different
durations (9 and 10 hours) and two different
temperatures (50 and 60°C) with combinations. Area
and volume of the product were calculated by the
following equations:

Area=2mr(r+h)  Eq.(8)

Volume = rir’h Eq.(9)

where;
r: radius of the sample (mm),
h: thickness of the sample (mm).

Principal components analysis (PCA) was performed
using PAST version 3.20 software (Hammer et al., 2001).
Correlations among physical data were determined
using Pearson correlations with SPSS version 19.0
software (IBM SPSS® Statistics, 2010).

RESULTS and DISCUSSION

Some drying parameters and physical properties of the
product are given in Table 1 and Table 2. The moisture
(% w.b.) values were found to be very close to each
other. The highest is at 5 mm 9 hours 50°C and the
lowest is at 7 mm 10 hours 50°C. The highest outer
diameter difference was determined at 7 mm 10 hours
60°C. It was observed that the inner diameter values
increased slightly. The most obvious thickness changes
occurred at 5 mm 9 hours 50°C and 7 mm 10 hours 50°C.
The area and volume values are given in Table 3. The
highest volume differences were found at 7 mm 10 hours
50°C. The highest area difference was determined at 7
mm 10 hours 60°C.
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Table 1. Some physical parameters before drying

Parameters Initial Mass (g) . Outer . Inner Moisture (% w.b.)
Diameter (mm) Diameter (mm)
5 mm 9 hours 50°C 10.83 59.68 22.19 88.92
7 mm 10 hours 50°C 19.32 70.85 24.18 84.73
5 mm 9 hours 60°C 12.05 64.95 20.26 85.83
7 mm 10 hours 60°C 14.58 62.69 20.17 86.17
Table 2. Some physical parameters after drying
Parameters Final Mass (g) ' Outer ' Inner Final Thickness
Diameter (mm) Diameter (mm) (mm)
5 mm 9 hours 50°C 1.20 51.86 22.80 2.32
7 mm 10 hours 50°C 2.95 61.79 24.73 2.58
5 mm 9 hours 60°C 1.67 55.75 20.50 2.80
7 mm 10 hours 60°C 2.07 52.89 21.25 3.59
Table 3. Area and volume values
. Final . .
Parameters Initial Area Initial Final Volume
Area (mm?) Volume (mm3) (mm?3)
(mm?)
5 mm 9 hours 50°C 2703.36 1391.21 12045.47 4184.06
7 mm 10 hours 50°C 3994.42 2767.67 24370.60 6494.82
5 mm 9 hours 60°C 3484.39 2265.01 20946.05 5908.11
7 mm 10 hours 60°C 3099.37 1406.17 13828.06 6611.78
Color properties at L"a’b” color space are given in at 7 mm 10 hours 50°C. The highest and lowest L" values
Table 4 and 5. In the study, it was determined that all after drying were obtained at 7 mm 10 hours 60°C and 7
color values increased except for 7 mm 10 hours 50°C. mm 10 hours 50°C respectively.
While L" and b* values decreased and a” value increased
Table 4. Color properties before drying
Parameters L a’ b*
5 mm 9 hours 50°C 45.21 -2.63 17.13
7 mm 10 hours 50°C 75.96 -6.76 27.67
5 mm 9 hours 60°C 63.38 -1.60 21.19
7 mm 10 hours 60°C 53.26 -2.37 21.16
Table 5. Color properties after drying
Parameters L a’ b*
5 mm 9 hours 50°C 67,35 0,33 32,54
7 mm 10 hours 50°C 64,32 -0,65 24,05
5 mm 9 hours 60°C 70,87 0,08 30,50
7 mm 10 hours 60°C 72,76 0,28 31,82
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Chroma, hue angle and color index values are given in
Table 6 and Table 7. Similar to L*, a* and b" values,
chroma and hue angle are increased at all drying

Table 6. Chroma, Hue angle and Color index before drying

parameters except for 7 mm 10 hours 50°C. Color index
increased in all drying parameters. The highest chroma
values after drying were obtained at 5 mm 9 hours 50°C.

Parameters Chroma Hue Angle Color Index
5 mm 9 hours 50°C 17.33 178.58 -3.39
7 mm 10 hours 50°C 28.49 178.67 -3.22
5 mm 9 hours 60°C 21.29 178.54 -2.10
7 mm 10 hours 60°C 21.25 178.50 -1.19
Table 7. Chroma, Hue angle and Color index after drying
Parameters Chroma Hue Angle Color Index
5 mm 9 hours 50°C 32.54 181.56 0.15
7 mm 10 hours 50°C 24.06 178.46 -0.42
5 mm 9 hours 60°C 31.82 181.56 -0.51
7 mm 10 hours 60°C 30.50 181.57 0.04

The statistical correlation between physical properties
are given in Table 8. The correlations are marked in bold.
A positive correlation (p=0.99) was found between initial
L* and initial area, initial chroma, and initial b*, final a
and b". However, a negative correlation (p=-0.99) was
found between the final chroma and the final diameter.
The physical properties centroid coordinates shown is in

Table 8. Correlation matrix for physical properties

Figure 1. The scatter plot showed the physical properties
centroids with related to their canonical discriminant
functions. Final thickness, final volume, and initial
diameter have been observed to have a significant
effect. In addition, initial L", initial b and initial chroma
parameters are closely related. Initial color index and
final L" were also found to have a significant effect.

>

Parameters é E 5 E 5w 2 g 5 By I g b 3 E . . £ 3 § E E 5
= S%g ¢ g = 8% £¢ £ T £ Z 5 2 & B o w» = & Z 5 &5 = &
T Eg 28 2 £ fs f8 &£ 2 £ 2 £ ¥ 2 2 £ £ £ ¥ 2 g £ & &

Initial Mass 1

Initial Outer Diameter BB 1

Initial Inner Diameter B3 58 1

Moisture -79  -90 -17

Final Mass 997" 91 55 87 1

Final Quter Diameatar .85 99" 69 Bl .BF 1

Final Inner Diameter 98" .93 g2 77 9T .92 1

Final Thickness k) -07 -64 -35 19 -23 -.03 1

Initial Area .82 .99™" A7 -93 .87 .96° .86 -03 1

Final Area 6B o4 55 -78 .72 96" a7 -31 .95 1

Initial Wolume .68 04 45 -85 .73 94 15 -1s .97 .99 1

Final Velume 72 (5] -oF  -92 .79 ESS) .64 .68 70 A7 56 1

Initial L’ .B1 99" 50 -91 .B6 .97 .B6 -08 99" 97 08" &7 1

Initial 3" -89 -79 -92 51 -.B4 -84 -93 31 -0 -67 -61 -33 -71 1

Initial b™ .95° .08° 57 -91 .98 .95° 87 .06 .95° 85 BT T3 .95+ -.B3 1

Fimal L -.50 -52 -.98° 0% -42 -65 -61 78 -43 -57 -46 21 -47 B3 -48 1

Final a" -BB  -96 - 77 .75 -8B -99" -95* .28 -92 -92 -89 -43 -93 .B91 -94 .73 1

Final b* -90 -97 =77 J6  -80 -99° -9§ 24 -52 -90 -.BB -52 -93 .92 -9% .72 .99 1

Initial Chroma .96 08" 60 -89 97 96" 08" .03 .05% BB Bb .73 .95+ _B5 .99 -51 -95 _95 1

Initial Hue Angle B3 6B 97 -28 57 79 74 -69 60 1 62 -.03 63 -90 63 -98° -B5 -B4 &7 1

Initial Color Index -.09 -17 -82 -3 -0 -34 -.23 95" -08  -32 -.20 59 -14 53 -08 .91 41 .39 -.13 -B2 1

Final Chroma -08° -91 -77 J3 -9 -91 -99” o8 -84 -76 -74 -58 -84 .96 -9% 66 .95 .95 -96 7B .29 1

Final Hue Angle -91 -89 -.87 63 -.BB -93 -96° 30 -82 -BO0 -75 -41 -83 .98 -90 .80 .97° .98 -92 -850 48 98" 1

Final Color Index -42 -79 -16 JB  -50 =77 -48 A3 -B6 -91 -94 -51 -BF 30 -67 .21 &7 .65 -.66 -.37 04 46 48 1

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level
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Figure 1. Principal components (PCs) analysis of physical properties

Physical and color properties and the identification loadings to almost physical and color properties. The
key of single components are reported in Tables 9 and loadings of the first two PCs functions explained 92.7%
Table 10, respectively. A summary of the information of the total variance in physical properties. Variance
contained in the physical and color properties was explained by PCs is 94.08% of the sum of the loadings of
obtained by principal component analysis. PC1 had high the first two components in color properties.

Table 9. Identification key of some physical properties and loadings of individual components to the first three factors
(PCs) extracted by means of principal component analysis

Parameters PC1 PC2 PC3
Initial Mass 0.92 0.08 0.39
Initial Outer Diameter 0.99 -0.05 -0.07
Initial Inner Diameter 0.58 -0.70 0.42
Moisture -0.90 -0.39 0.18
Final Mass 0.95 0.16 0.28
Final Outer Diameter 0.97 -0.22 -0.06
Final Inner Diameter 0.95 -0.07 0.31
Final Thickness -0.01 0.98 0.15
Initial Area 0.98 0.01 -0.21
Final Area 0.90 -0.25 -0.35
Initial Volume 0.91 -0.13 -0.39
Final Volume 0.72 0.70 0.15
Variance explained by PCs (%) 73.74 18.96 7.30
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Table 10. Identification key of color properties and loadings of individual components to the first three factors (PCs)

extracted by means of principal component analysis

Parameters PC1 PC2 PC3
Initial L* -0.90 0.39 -0.19
Initial a” 0.94 0.21 -0.27
Initial b* -0.92 0.36 0.12
Final L 0.77 0.63 0.09
Final a* 0.99 -0.08 0.04
Final b* 0.99 -0.09 0.01
Initial Chroma -0.93 0.32 0.12
Initial Hue Angle -0.88 -0.46 -0.10
Initial Cl 0.46 0.83 0.29
Final Chroma 0.96 -0.09 -0.27
Final Hue Angle 0.99 0.08 -0.14
Final CI 0.61 0.51 0.61
Variance explained by PCs (%) 77.18 16.90 5.93

CONCLUSIONS

The physical properties of apple samples in
different drying conditions were carried out in the
cabinet type dryer. The thickness of the sample, drying
period and temperature directly affected the drying
characteristics. According to the physical properties, the
optimum drying condition was determined as 7 mm 10
hours 50°C and 7 mm 10 hours 60°C. Determining the
optimum drying parameters is important in terms of the
quality and storage time of the dried product. In
addition, the biochemical properties of the products
must be known for precision drying. Since some
measurements such as physical and biochemical are
time-consuming, for future studies, the use of new
technologies will be of great importance. The results
obtained by the principal components analysis, which
allow comparative evaluation of the multiple
parameters examined in the study, are important for the
optimization of drying processes. Determining and
correlating some physical properties and optimizing the
drying process in this way will make current
contributions to the literature.

OzET

Amag: Bu calismanin amaci, kabin tipi kurutucuda

kurutulan elmalarin  bazi  fiziksel degisikliklerini
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belirlemek ve optimum kurutma kosullarini tespit
etmektir.

Yéntemler ve Bulgular: Kurutma 6ncesi ve sonrasinda
dranlerin hacim, cap, alan, genislik ve kalinlik 6zellikleri
dijital bir kumpas kullanilarak {i¢ tekerriirli olarak
dlgilmustir. Uriinlerin rengi CIE-L*, a* ve b* renk
uzayina gore Olctlmus ve renk indeksi (Cl), ton agisi (h*)
ve kroma (C*) degerleri hesaplanmistir. Bulgulara gore,
kabin tipi kurutucuda optimum kurutma kosullari 7 mm
10 saat 50°C ve 7 mm 10 saat 60°C olarak saptanmistir.
Ayrica, kurutma sonrasi en yiiksek kroma degerleri 5 mm
9 saat 50°C kurutma parametresine elde edilmistir.
Genel Yorum: Bu calismada, Grliniin kurutma 6ncesi L*
degeri ile kurutma oncesi alani, kurutma oncesi kromasi
ile kurutma oncesi b* degeri ve kurutma sonrasi a*
degeri ile kurutma sonrasi b* degeri arasinda pozitif bir
iliski bulunmustur (p = 0.99).

Calismanin Onemi ve Etkisi: Kurutma, tarimsal Griiniin
depolama siiresini uzatmak ve yeni bir Urin pazari
olusturmak igin suyun triinden uzaklastirilmasini iceren
kitle transfer islemidir. Tarimsal Urlnlerin kurutma
asamalari; 1sinma asamasi, sabit hizda kuruma asamasi
ve azalan hizda kuruma asamasi olarak karsimiza
¢ikmaktadir. Kurutma islemi sirasinda nem kaybina bagl
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olarak drlnlerde bazi fiziksel degisiklikler meydana
gelmektedir. Uriiniin istenen nem diizeyine getirilmesi
icin farkh kurutma kosullarinda optimum kurutma siiresi,
kurutma sicakligi ve trtin kalinhgi belirlenmelidir.

Anahtar Kelimeler: Elma, kabin tipi kurutucu, boyut,
renk
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Effectiveness of GNSS-based tractor auto steering systems in crop spraying

ilaglama isleminde GNSS esasli traktdr otomatik diimenleme sistemlerinin etkinligi
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Gelis tarihi /Received:09.10.2019 adjacent parallel passes in spraying with and without tractor automatic
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Methods and Results: The data were obtained from 13 farmer fields
(cotton, corn and peanut) to assess the performance of AS systems in real

Keywords: farmer conditions. Root mean square errors (RMSE) of overlaps and
GNSS, Auto Steering, Spraying, Overlap, spacings were determined on the maps generated from the coordinates of
Gap, Error. the tractor recorded while spraying. Variations between the fields were

also examined. The RMSE was lowest (7.5 £ 1.7 cm) in the fields on which
“Corresponding author: Muharrem KESKIN farmers used AS (with RTK correction signal) in all three operations of

tillage, sowing and spraying. RMSE values were comparatively higher for
the fields on which farmers used AS only in ridge tillage but not in sowing
and spraying (CORS-GSM: 46.1 + 6.5 cm, SBAS: 76.5 + 13.9 cm). The fields
with manually-steered ridge tillage, sowing and spraying (all three) had the
highest RMSE value of 100.8 + 27.8 cm (p<0.05). The mean RMSE in the
manual spraying (without AS) were found to be significantly higher than
those using the AS (p<0.05).

Conclusions: AS systems were found to be beneficial in reducing the mean
pass-to pass overlap and spacing errors (RMSE) in spraying. However, most
of the farmers used AS only in soil ridge tillage and made the spraying
without AS by referencing marking flags and/ or soil ridges which were
formed using AS. Main reason of this is the high cost of the AS systems and
farmers cannot afford to equip all of their tractors. The use of AS systems
not only in ridge tillage but also in planting and spraying reduced the errors
and increased the benefit of AS usage. The level of benefit from the AS
could change from farmer to farmer; thus, farmers should use the AS
systems carefully with appropriate equipment settings to obtain a higher
level of benefits.

Significance and Impact of the Study: Appropriate use of AS systems in
spraying offers benefits to reduce overlap and gaps and the amount of
pesticides resulting in lower amount of environmental pollution and
pesticide residues on crops, lower application time, lower fuel and labor
consumption.
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INTRODUCTION AS enables the driver to move the tractor along the

specified route. For the purpose of AS in agriculture,
Auto Steering (AS) or Auto Guidance is one of the most different techniques have been developed such as
widely used Precision Agriculture (PA) technologies mechanical following, mechanical contact, geomagnetic,

(Morgan and Ess, 2003; Keskin and Goricli Keskin, 2012). electrical, image processing, ultrasonic and satellite
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based navigation (GNSS) (Reid et al., 2000; Reichhardt,
2012). Most widely used steering method is GNSS based
method (Global Navigation Satellite System). In orchards
and greenhouses, AS is established by sensing the
distance to trees or rows of plants using LASER, LIDAR or
ultrasonic sensors (Mousazadeh, 2013; Bayar et al.,,
2015).

A GNSS-based AS system consists mainly of three
components: GNSS antenna, steering system (using
electric motor or electro-hydraulic unit) and computer
with integrated display. With AS systems, a starting
route or line (A-B Line) is established between two points
and parallel passes to this A-B line as the working width
of the equipment mounted to the rear of the tractor are
provided. AS systems can be divided into two models: 1)
In semi-automatic systems; the driver does the steering
by looking at an indicator (lightbar) that helps to steer
and allows him to stay on the route. 2) In fully automatic
systems; steering is done automatically without the
driver touching the steering wheel. When the driver
arrives at the end of the field, he can manually turn the
tractor to the side by looking at the screen. Work is
underway to make the turns automatically. In this
method, steering is carried out in two different means:
a) An electro-hydraulic control system is mounted to the
tractor's steering system. b) The existing mechanical
steering wheel is replaced with a steering wheel with an
electric motor on it.

Fully automatic steering systems provide many benefits
in agriculture (Lowenberg-DeBoer, 1999; Grisso et al.,
2009; Li et al.,, 2009; Baillie et al., 2018; Miiller
Electronics, 2018): Easy to use and learn. Makes the job
easier. Reduces workload and fatigue on the driver.
Provides safer working conditions. Provides equally-
distanced parallel passes. Creates parallel and flat ridges
in soil tillage. Provides desired distance between plant
rows in parallel passes in planting. Reduces the amount
of overlap and skips in crop spraying. There is no need to
use foam or marking flags in spraying; thus, environment
is protected and work efficiency increases. Overlaps and
spaces are reduced in fertilizer and lime application with
centrifugal spreader. Provides maximal usage of
equipment width in harvesting and losses are reduced.
In irregular fields, double-spraying is prevented with
section control. No need to use markers in sowing.
Allows work at night. Provides precise operation at high
speeds. Saves fuel and labor. Reduces plant damage,
losses and soil compaction and increases yield by
allowing passes in same routes each time. Allows
workings in adverse weather conditions (fog, dust, sun
flare). Increases the quality of the work (tillage, sowing,
fertilizing, spraying, harvesting).
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Studies have been conducted on the performance,
benefits and profitability of automatic steering (AS)
systems in the world. Morrow (2002) reported that GPS
steering systems reduce the amount of overlap and gaps
as compared to foam marking. Whelan and Taylor (2013)
reported a 2-4% saving in inputs (fuel, fertilizer,
pesticide) when the overlap is 2 cm with AS as compared
to conventional marking (0.5-1.0 m). Santos et al. (2018)
reported that AS systems significantly increase efficiency
and reduce overlaps in parallel passes. Ashworth et al.
(2018) reported that AS systems reduce carbon
equivalent emission, fuel consumption and chemical
input in cotton and soybean farming. Kunz et al. (2018)
reported that mechanical weed control with camera-
based steering (78%) provided higher weed control
efficiency than manual steering (65%). Farmers started
to use AS by 2009 in Turkey much more later than
American farmers (in 1990s). The adoption level of AS
systems in the world reaches up to 80% in some
countries (Norwood and Fulton, 2009; Leonard, 2014;
Erickson and Widmar, 2015; USDA, 2015a; USDA, 2015b;
Verma, 2015; Silva et al., 2011; Keskin, 2013; Say et al.,
2017). In Turkey, precision agriculture awareness and
adoption has an increasing trend (Akdemir, 2016; Keskin
and Sekerli, 2016) and about 850 AS units are in use as
of February 2019 mostly in provinces of Adana, Aydin,
Konya, Izmir, Tekirdag, Sanliurfa (Topcueri, 2019).
Studies on AS are very limited in Turkey. Unal and
Topakci (2012) reviewed information about different
steering systems and driverless tractors. Altinkaradag
(2014) developed GNSS based -electro-hydraulically
controlled AS system for tractors. Keskin et al. (2018)
reported that farmers use AS mostly for soil tillage
(98.2%) and farmers have benefits such as creating
straight soil ridges (98.2%), providing flexible working
hours (92.7%), saving time (80.0%) and saving fuel
(80.0%). Evrenesoglu and Karatas (2019) reported higher
operation speed and field capacity in tillage with chisels
with AS (9.5 km h; 2.8 ha h') as compared to the tillage
without AS (4.0 km h%; 1.1 ha h'l).

In chemical spraying in agriculture, sprayed parts of the
fields should not be re-sprayed and some parts should
not be left un-sprayed in adjacent passes. For this goal,
foam marking is applied in some countries. However,
spraying without any precautions is common and in this
case, some of the sprayed area is re-sprayed (overlaps),
which leads to the use of extra pesticides and water,
increased costs, damage to the plants (toxicity), longer
work hours and pollution of the environment. On the
other hand, spraying against disease and other harmful
factors is not successful in the untreated areas (gaps,
spacings). In contrast, when AS is used in spraying, it is
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not necessary to mark the field by foam or flags and
overlaps and/or gaps can be reduced to cm level in
parallel passes with optimal equipment settings.

AS systems are generally tested on concrete or asphalt
surfaces. However, the working conditions are very
different at field level. No study has been available in
Turkey on the performance of AS systems on creating
equal pass-to-pass distances in tillage, sowing and
spraying. Thus, the aim of this study was to determine
the effectiveness of GNSS based tractor AS systems in
pest control spraying applications in farmer level in
Adana province. This study is the first one on this subject
in Turkey to the best knowledge of the authors.

MATERIAL and METHODS

Field Data Collection

Field data were obtained from a total of 13 different
fields in the summer months of 2018 (Table 1). Fields
were located in Mersin (near the city of Tarsus) and
Adana (near the cities of Ceyhan, Saricam, Yuregir)
provinces where automatic steering (AS) systems are
extensively used. The data were collected directly from
the farmer fields; thus, the effectiveness level of AS
systems under real farmer conditions was investigated.
Variances among the fields were also examined. In the
preliminary interviews with the farmers, it was found
that some farmers only used the AS system for forming
the ridges in soil tillage and aligned the tractor with
reference to the ridges during planting and spraying. In
this case, these farmers do not use AS for planting and
spraying. The reason is that the system is expensive and
they do not afford to install AS systems on every tractor.
In our previous study, we determined that some farmers
wanted to install this system on all tractors if the systems
were cheaper (Keskin et al., 2018).

Table 1. Number of fields investigated in the study
Auto Steering (AS) GNSS Correction

Number of Fields

Usage* Signal Source
Tillage:+
Sowing:+ RTK 2
Spraying:+
Tillage:+
Sowing:— SBAS 5
Spraying:—
Tillage:+
Sowing:- CORS-GSM 2
Spraying:-
Tillage:-
Sowing:- - (Manual steering) 4
Spraying:—

Total 13
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Automatic Steering (AS) Systems

Three sources of GNSS augmentation signal used in
tractor automatic steering (AS) systems are described
below. These methods provide a pass-to-pass accuracy
of upto 2-3 cm:

a) RTK (Real Time Kinematic): This method uses an
additional GNSS receiver which is located in stationary
position near the field or on the roof of a nearby building
and provides correction signal (up to a distance of <3-5
km). This additional receiver sends the error correction
data to the GNSS receiver on the tractor. This is an
expensive method as it requires an extra receiver.

b) CORS-GSM (CORS: Continually Operating Reference
Stations): In this method, the correction data are sent
from at least several fixed reference stations to a data
center and then it is sent to the GNSS receiver on the
tractor via GSM mobile phone with a SIM card. Annual
subscription fee must be paid to the related company to
receive this service.

c) SBAS (Satellite Based Augmentation System): The
correction signal is sent from a satellite to the GNSS
receiver. Farmers pay annual subscription fee to receive
precise signal correction service.

Calculation of the Overlaps and Spacings

The geographical coordinates (latitude, longitude,
elevation) of the tractor were recorded using a GNSS
receiver (Trimble AG25), monitor (Trimble FMX) and
laptop (Figure 1) on the tractors (power: 90-100 HP)
during spraying. When the distance between the two
adjacent parallel passes is greater than the spraying
width, a gap is formed meaning that some parts of the
field remain un-sprayed. Conversely, overlap occurs
when the distance between the two passes is smaller
than the spraying width meaning that some parts of the
field are sprayed twice, once in the forward direction
and the second in the backward direction. Both cases are
undesirable because ideally, the distance between the
two passes should be the same as the spraying width (W)
in parallel passes to minimize the overlaps and gaps.

Figure 1. Laptop computer (left), monitor (middle) and
GNSS receiver (right) used in the study to record
coordinates of the tractor and sprayer
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The collected raw geographical coordinate data were
processed and maps were produced using the software
of Ehesap7, NMEA2xyz and Eghas7 (Graftek, Istanbul,
Turkey). Ehesap7 was used to calculate XYZ coordinates
from raw data recorded from the GNSS receiver.
NMEA2xyz was used for converting the coordinate
system into UTM coordinate system. Finally, EGHAS7
(Interactive Map Graphic System) which is the first local
map package program produced in 1988 in Turkey for
generating maps from the data obtained in the field was
used to obtain maps for each field. The maps were
opened in AutoCAD (v.2007) software and then the
distances (m) between two parallel passes were
determined for each of the 13 fields. Then, the overlap
or gap values were calculated by comparing the distance
between the two adjacent passes (DPi) with the spraying
width (SW). The root mean square error (RMSE) values
were calculated using the equation below in MS Excel
software (Gisgeography, 2018) for two points in the
beginning of the row (RB), the middle of the row (RM)
and the end of the row (RE). Finally, the average values
were computed from the six values (two from RB, two
from RM and two from RE).

>N (DP;_sW)2
N

RMSE = Eq. (1)

where;

RMSE= Root mean square error (m)

DPi= Distance between two parallel passes (m)

SW= Spraying width (product of number of nozzles and
distance between nozzles) (m)

N= Number of parallel passes in the field.

Data Analysis

Statistical comparisons were carried out based on the
variations among the automatic steering (AS) systems,
variations between the automatic and manual steering,
variations among the fields and among the row
beginnings (RB), row middles (RM) and row ends (RE)
using Duncan multiple comparison test in SPSS software
(v.17; IBM, New York, USA).

RESULTS and DISCUSSION

Overlap and gap RMSE values in adjacent passes in the
sprayed fields were determined and examined. RMSE
values are presented in Table 2 in spraying for the fields
on which soil ridge tillage, sowing and spraying (all three)
were carried out by using auto steering (AS) systems.
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Table 3 displays RMSE values in fields on which only soil
ridge tillage was carried out by AS systems (sowing and
spraying were done with manual steering) while Table 4
shows RMSE values for the fields on which AS was not
used in soil ridge tillage, sowing and spraying (all manual
steering).

The average overlap and spacing error (RMSE) value of
the two farmer fields on which AS system (RTK
correction signal) was used in all three operations (soil
ridge tillage, planting and spraying) was found to be 6.7
+ 1.60 cm and 8.4 + 1.52 cm (Table 2). The difference
between the fields was found to be very low.

In case of AS system usage (SBAS or CORS-GSM
correction signal) in soil ridge tillage but not in sowing
and spraying (manual steering), the RMSE values of
adjacent parallel passes in seven farmer fields were
found to be 98.0 + 1.54 cm, 71.1 £+ 1.46 cm, 72.7 £ 2.05
cm, 83.0+2.32 cm, 57.4 £3.43 cm, 51.7 £ 2.33 cm and
40.5 £ 3.45 cm, respectively (Table 3).

Finally, in four fields where all soil ridge tillage, sowing
and spraying were performed manually (no AS usage),
the RMSE values in parallel passes were 69.9 + 2.34 cm,
86.3 + 2.52 cm, 140.6 + 5.09 cm and 108.2 + 2.95 cm,
respectively (Table 4). It was observed that the error
levels in two of the fields that were manually tilled,
planted and sprayed (Field1 and Field2) were similar to
those on which AS system was used in ridge tillage but
not in sowing and spraying (SBAS correction signal)
(Table 3 and Table 4).

The reasons for the variations in RMSE values among the
fields treated with same treatments could be the
following: a) the driver does not take sufficient care
during spraying, for example, when the quality of the
GNSS correction signal displayed on the monitor is low,
the operator does not stop and continue working
manually b) the sprayer adjustments may not be
suitable, such as improper three-point hitch mounting
settings c) careless operation in sloped fields. Santos et
al. (2017) reported that performance of AS systems is
affected by the settings of the machine mounted on the
back of the tractor and also it should be capable of
making corrections according to the field slope. For this
reason, machine settings during operation are very
important.

As a general evaluation, it was observed that the use of
AS in spraying significantly reduces the margin of error
(RMSE) of overlap and spacings (as low as 6.7 cm; Table
2) in parallel adjacent passes as compared to manual
steering (as high as 140.6 cm; Table 4).
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Table2. Overlap and space RMSE values in spraying in fields on which soil ridge tillage, sowing and spraying were carried
out by auto steering (AS) systems

Field AS Usage CorGr':cstsion Crop and DP* Data RMSE (cm)

(Location) & signal SW* Min, Max Point* MeaniSD

. RB 6.2+2.41

Field1 ST(')'\'ljlgnei Cotton 14.92 m RM 6.7 +1.08

(Mersin) o ing"+ RTK 15.05 m 1521 m RE 6.9+1.71
praying: Mean+SD 6.7 + 1.60 (%0.4)

+

. Tillage:+ RB 7.0+1.24

Field2 Sont Cotton 14.91 m RM 9.5+1.35

(Mersin) o ing.'+ RTK 15.05 m 15.06 m RE 8.6+ 1.43
praying: Mean+SD 8.4 £ 1.52 (%0.6)

* SW: Spraying width (m); DP: Distance between two adjacent passes (m); RB: row beginning, RM: row middle, RE: row end

Table 3. Overlap and space RMSE values in spraying in fields on which only soil ridge tillage was carried out by auto
steering (AS) systems (AS was not used in sowing and spraying)
GNSS

Field AS Usage Correction Crop and DP* Data RMSE (cm)

(Location) & signal SW#* Min, Max Point* MeaniSD

. RB 97.7 +2.39

Field1 STC')'\L?Ignet Cotton 15.01m RM 97.5+1.47

(Adana) o if'-— SBAS 17.15m 17.96 m RE 98.9 +1.27
praying: MeantSD 98.0 + 1.54 (5.7%)

. RB 714+ 1.66

Field2 STC')'\L?Ignet Cotton 16.37 m RM 70.8+1.73

(Adana) o if'__ SBAS 17.15m 17.95m RE 71.2+2.13
praying: MeanSD 71.1 £ 1.46 (4.2%)

. RB 74.2+1.78

Field3 ;'\L?iet Cotton 16.35 m RM 72.8+1.71

(Adana) o if'__ SBAS 17.15m 17.99 m RE 71.1+2.30
praying: MeanSD 72.7 £2.05 (4.2%)

. RB 82.92.50

Field4 ;'\L?iet Peanut 15.17 m RM 825+ 2.43

(Adana) o if'._ SBAS 17.15m 17.99 m RE 83.6+3.68
praying: Mean+SD 83.0 £ 2.32 (4.8%)

+

| Tilage:s RB 56.0 £ 3.96

Fields ot Peanut 15.17 m RM 57.6+4.77

(Adana) o if'._ SBAS 17.15m 17.98 m RE 58.7 3.68
praying: MeanSD 57.4 + 3.43 (3.4%)

. RB 52.1+2.40

Field1 ST(')'\',jieJ’_ Corn 20.19 m RM 50.2 +1.33

(Adana) o i:}-- CORS- 21.35m 21.91m RE 52.9+3.47
praying: GSM MeanSD 51.7 + 2.33 (2.4%)

. RB 39.3+3.98

Field2 ST(')'\',jieJ’_ Corn 20.44m RM 39.4+1.35

(Adana) o i:}-- CORS- 21.35m 21.21m RE 42.9+4.98
praying: GSM MeanSD 40.5 + 3.45 (1.9%)

* SW: Spraying width (m); DP: Distance between two adjacent passes (m); RB: row beginning, RM: row middle, RE: row end
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Figure 2 shows the map of the trajectories of the tractor
and sprayer during the spraying as well as the distances
between adjacent parallel passes for the first field
(Field1) sprayed using AS system with RTK correction
signal while Figure 2 shows the same data for the fourth
field (Field4) tilled, planted and sprayed manually (no AS
system usage). In the field on Figure 3, it was observed
that the adjacent pass-to-pass distances varied between
14.92 and 15.15 m (spraying width was 15.05 m). In the
field on Figure 3, the adjacent pass-to-pass distances

changed from 13.95 to 19.89 m (spraying width was
17.64 m). Also, in the manually sprayed field (Figure 3),
an unsprayed part in the middle of the field can be seen
in which the sprayer ran out of mixture of water and
pesticide and the farmer drove the tractor to the field
edge for refill but after that, he was not able to find the
location where he stopped the spraying leading to a
portion of the field unsprayed. The use of AS is also
useful in eliminating such problems that could be seen in
manual spraying.

Table 4. Overlap and space RMSE values in spraying in fields on which AS was not used in soil ridge tillage, sowing

and spraying (all manual steering)

Field DP* Data RMSE (cm)
(Location) AS Usage Crop and SW* Min, Max Point* MeaniSD

Tillage:- RB 67.0+1.78

Field1l Sowing:- Corn 16.20m RM 67.3+2.79

(Adana) Sprayiné'— 17.15m 16.76 m RE 69.5+2.99
' MeanSD 69.9 £ 2.34 (4.1%)

Tilage:- RB 85.8 + 1.59

Field2 Sowing:- Corn 15.17 m RM 85.4+1.17

(Adana) Sprayiné'— 17.15m 16.88 m RE 87.8+4.63
’ MeanSD 86.3 £ 2.52 (5.0%)

Tillage:- RB 142.5+4.66

Field3 Sowing:- Corn 1511 m RM 140.1 £9.33

(Adana) Sprayiné'— 17.64m 20.81 m RE 139.2 +2.96
) MeantSD 140.6 £ 5.09 (8.0%)

Tilage:- RB 109.4 £ 3.40

Field4 Sowing:- Corn 15.28 m RM 106.8 £ 3.99

(Adana) Sprayiné'— 17.64 m 18.20m RE 108.5+3.01
' Mean+SD 108.2 + 2.95 (6.1%)

* SW: Spraying width (m); DP: Distance between two adjacent passes (m); RB: row beginning, RM: row middle, RE: row end
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Figure 2. Adjacent pass-to-pass distances in spraying (Field1) on which AS system (with RTK signal) was used in soil
ridge tillage, sowing and spraying (Spraying width: 15.05 m) (Adjacent pass-to-pass distances varied between 14.92
m and 15.15 m)
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Figure 3. Adjacent pass-to-pass distances in spraying (Field4) on which AS system was not used in soil ridge tillage,
sowing and spraying (all manual) (Spraying width: 17.64 m) (Adjacent pass-to-pass distances varied between 13.95 m
and 19.89 m)

Data Analysis

Overlap and gap error values (RMSE) of manual and AS
systems are given in Table 5. According to the data
analysis results, the RMSE values in spraying with the
manual steering method were significantly higher than
those in the spraying with using auto steering (AS)
(p<0.05) (Table 5). On the other hand, the difference
between AS systems using different correction signal
was also significant (p<0.05). Also, the lowest error
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values (RMSE) were obtained from the fields tilled,
sowed and sprayed using AS (RTK correction signal) as
7.5 £ 1.72 cm. The reason of the lower error value in AS
system with RTK method is that this system is more
accurate and more importantly, AS was utilized in all
three operations of soil tillage, sowing and spraying. In
other words, it was determined that some farmers do
not use AS systems in spraying resulting in higher
amount of overlap and gap errors. The reason why
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farmers do not use AS systems in spraying is that the
system is expensive and that they do not have enough
investment to install the AS system on every tractor.
Keskin et al. (2018) reported the willingness of the
farmers to install AS systems on every tractor they
possess if the cost was lower.

Table 5. Overlap and spacing RMSE values in spraying
according to auto steering (AS) usage

GNSS

. RMSE (cm

AS Usage C.orrectlon Meant( SD)

Signal
Tillage:+
Sowing:+ RTK 75+1.72a
Spraying:+
Tillage:+
Sowing:- CORS-GSM 46.1+6.50b
Spraying:—
Tillage:+
Sowing:- SBAS 76.5+1391c
Spraying:—
Tillage:-
Sowing:- Manuel steering 100.8 +27.83 d
Spraying:-

Different letters in same column indicate statistically significant differences
(p<0.05)

The overlap and spacing error values (REMSE) in
different fields for each auto steer (AS) usage method
are presented in Table 6 and Figure 4. Mean RMSE values
were found to be statistically different among the
steering systems of manual and AS systems with
different correction signals (RTK, SBAS, CORS-GSM) and
among the fields treated with tillage, planting and
spraying with AS system and without AS system (manual)
(p<0.05). It was observed that the differences were in
low levels (insignificant) in two fields (Field1 and Field2)
in which the tillage, planting and spraying were all
carried out with AS system with RTK correction signal
(Table 6 and Figure 4). In two of the five fields (Field2 and
Field3) tilled using AS system with SBAS correction signal
but planted and sprayed manually by referencing the soil
ridges were similar but different from the other fields
(Field1, Field4 and Field5). In general, the reasons for the
differences among the fields which were treated in same
manner can be attributed to the fact that the fields may
have been treated by different drivers, different tractor
and equipment settings, different locations of the fields
which may affect the GNSS signal quality, and sprayed at
different times (important for signal quality).

Table 6. Overlap and spacing error values (RMSE) in spraying according to fields and steering methods

GNSS
. . RMSE (cm)
AS Usage Correction Fields
] Meanzt SD
Signal
Tillage:+
a8 Field1 6.7+1.60a
Sowing:+ RTK .
) Field2 84+152a
Spraying:+
Tillage:+ )
) Field2 40.5+3.45a
Sowing:- CORS-GSM .
) Fieldl 51.7+2.33b
Spraying:-
Field5 57.3+3.43a
Tillage:+ Field2 71.1+146b
Sowing:— SBAS Field3 72.7+2.05b
Spraying:— Field4 83.0+2.32c
Field1l 98.0+1.54d
. Fieldl 67.9+2.34a
Tillage:+ )
. . Field2 86.3+2.52b
Sowing:- - (Manual steering) .
s . Field3 108.2+2.95¢
raying:—
praying Field4 140.6 +5.09 d

Different letters in same column indicate statistically significant differences (p<0.05)
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Figure 4. Overlap and spacing error values (RMSE) in spraying according to fields and steering methods

Table 7 shows the mean overlap and spacing error values
(RMSE) in spraying according to the steering methods
and data points as row beginnings (RB), row middles
(RM) and row ends (RE). Sometimes, the error values
may be expected to be higher in the start of the new pass
(row beginning) as compared to the middle and end of
passes after turning at the end of the previous pass;
hence, the error data were averaged according to row

beginning (RB), row middles (RM) and row ends (RE) and
were compared using Duncan's test to investigate this
factor. Based on the statistical analysis, no significant
differences were observed among the error values in
different data points of row beginning (RB), row middles
(RM) and row ends (RE) (Table 7) in manual steering and
auto steering (AS) with different correction signals.

Table 7. Overlap and spacing error values (RMSE) in spraying according to steering methods and data points (RB: Row

beginnings, RM: Row middles, RE: Row ends)

GNSS

AS Usage Correction Data RMSE (cm)
. Point Meant SD

Signal
Tillage:+ RB 6.6t1.63a
Sowing:+ RTK RM 8.1+1.89a
Spraying:+ RE 79+t171a
Tillage:+ RB 45.7+7.90a
Sowing:- CORS-GSM RM 448+6.34a
Spraying:- RE 479+6.74 a
Tillage:+ RB 76.4+14.57a
Sowing:- SBAS RM 76311414 a
Spraying:- RE 76.7+14.52 a
Tillage:- RB 101.2+30.25a
Sowing:- - (Manual steering) RM 99.9+29.25a
Spraying:- RE 101.2+27.82a

Different letters in same column indicate statistically significant differences (p<0.05)
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In previous studies on the overlap and spacing errors on
adjacent parallel passes in spraying, it was reported that
auto steering (AS) systems reduced the amount of error
compared to manual method or foam marking method.
Buick and Lange (1998) found that the foam marking
resulted in a higher overlap area (2.0-2.6%) than the
light-bar steering system with one meter accuracy
(1.0%-1.5%) and the AS system with cm level accuracy
(0.6-1.1%). Buick and White (1999) reported that the use
of lightbar steering provided higher average efficiency by
2.5% and 22.0% in spraying with experienced driver and
with inexperienced driver, respectively. Torres et al.
(2000) reported that the average error obtained in
lightbar steering method was lower (0.14 m) as
compared to the foam marking method (0.67 m).
McDougall et al. (2001) mentioned that the mean
overlap area was lower at 5.5% in DGPS based steering
method as compared to 6.9% in foam marking method
and they stated that drivers using foam marking method
caused higher overlaps by 20%. Similarly, Morrow (2002)
reported that the foam marking method produced more
overlap and gaps than the GPS steering system. Also,
Hudson et al. (2007) reported that the foam marking
system had a higher error than the lightbar and auto
steering system with electric motor-based steering.
Similar results were found in this current study. Auto
steering (AS) systems reduced the overlap and spacing
error (RMSE) considerably as compared to the manual
steering in adjacent parallel passes in spraying
operations. The lowest RMSE error values in spraying
were obtained with AS (with RTK correction signal) when
used for all three operations of soil ridge tillage, sowing
and spraying (7.5 + 1.72 cm; 0.4-0.6%). On the other
hand, error values were higher when soil tillage was
done using AS systems while planting and spraying were
carried out manually by referencing the soil ridges
(CORS-GSM: 46.1 + 6.50 cm; 1.9-2.4% and SBAS: 76.5
13.91 cm; 3.4-5.7%) as compared to the manual steering
in all three processes of tillage, planting and spraying
(100.8 + 27.83 cm; 4.1-8.0%). In sum, AS systems have
been found to significantly reduce the overlap and gap
errors in parallel adjacent passes in spraying. Farmers
should utilize AS systems not only in soil ridge tillage but
also in planting and spraying.

CONCLUSIONS

This study aimed to determine the effect of GNSS-based
automatic steering (AS) systems on average overlap and
spacing errors (RMSE) in parallel adjacent passes in

spraying.

88

According to the data analysis, error (RMSE) values in
manual spraying method were found to be statistically
higher than those using AS (p<0.05). When AS system
(with RTK signal) was used in all three operations of soil
ridge tillage, sowing and spraying the error was minimal
(7.5 £ 1.72 cm; 0.4-0.6%). However, the error values
were relatively higher when the AS system was used only
in soil ridge tillage but not in planting and spraying
(CORS-GSM: 46.1 +6.50 cm; 1.9-2.4%; SBAS: 76.5+13.91
cm; 3.4-5.7%). Manual steering resulted in highest errors
(100.8 + 27.83 cm; 4.1-8.0%).

As a result, it was determined that the AS systems are
beneficial in reducing the overlap and spacing errors in
parallel adjacent passes in spraying as compared to the
manual steering. The use of AS systems in spraying offers
benefits of less pesticide and water consumption, less
environmental pollution, shorter spraying time, less fuel,
less labor, lower costs, higher profit and less operator
fatigue. In addition, it was observed that farmers' use of
AS systems in sowing and spraying besides soil ridge
tillage increased this benefit. Farmers should use AS
systems not only in soil ridge tillage but also in planting
and spraying. It was determined that some farmers do
not use AS systems in spraying resulting in higher
amount of overlaps and gaps in spraying. The reason why
farmers do not use AS systems in spraying is that the
system is expensive and that they do not have enough
investment to install the AS system on every tractor.
Farmers would install AS systems on every tractor they
possess if the cost was lower. In addition, it was
observed that the benefit from the AS systems can vary
from farmer to farmer. For this reason, farmers should
use these systems carefully with appropriate equipment
settings.

OZET

Amag: Bu calismada, traktor otomatik diimenleme (OD)
sistemi ile ve manuel diimenleme ile yapilan ilaglamada
yan vyana paralel gecislerdeki ortisme ve bosluk
miktarlari karsilastiriimistir.

Yontemler ve Bulgular: Veriler, OD sistemlerinin gergek
¢ciftci kosullarindaki performansini degerlendirmek igin
13 ciftgi tarlasindan (pamuk, misir ve yerfistigl) elde
edilmistir. ilaglama sirasinda traktoriin izledigi noktalarin
koordinatlari kayit altina alinmis, bu noktalardan
olusturulan haritalar (zerinden ortalama o6rtiisme ve
bosluk hata degerleri (Hatalarin ortalama kare koki;
Root mean square error: RMSE) belirlenmis ve analiz
edilmistir.  Tarlalar  arasindaki  degiskenlik  de
incelenmistir. RMSE degerinin ciftgilerin sirta toprak
isleme, ekim ve ilaglama islemlerinin her lglinde OD
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kullandigl (RTK diizeltme sinyaliyle) tarlalarda en disik
degerde (7.5 + 1.7 cm) oldugu gozlemlenmistir.
Ciftcilerin sadece sirta toprak islemeyi OD sistemiyle,
ekim ve ilaglamayr manuel olarak (OD kullanmadan)
yaptigl tarlalarda ortalama hata degerinin daha ylksek
oldugu tespit edilmistir (CORS-GSM: 46.1 + 6.5 cm, SBAS:
76.5 = 13.9 cm). Sirta toprak isleme, ekim ve ilaglamanin
hepsinin manuel diimenleme ile yapildigi tarlalarda ise
ortalama hata degerinin en yliksek dlizeyde oldugu
(100.8 £ 27.8 cm) goriilmistir (p<0.05). Manuel ilaglama
durumunda (OD kullanilmadan) ortalama hata degerinin
OD kullanilan tarlalara gore o6nemli derecede daha
yuksek oldugu bulunmustur (p<0.05).

Genel Yorum: OD sistemlerinin, ilaglamada yan yana
paralel gecislerdeki ortalama o6tlisme ve bosluk hata
degerini azaltmada vyararli oldugu tespit edilmistir.
Ancak, ciftcilerin cogunun OD sistemini sadece toprak
sirti olusturmada kullandigi, ekim ve ilaglamayi toprak
sirtlarint  referans alarak OD kullanmaksizin elle
diimenleme ile yaptigi belirlenmistir. Bu durumun temel
nedenlerinden biri, OD sistemlerinin maliyetinin ylksek
olmasi ve ciftcilerin tim traktorlerini OD sistemi ile
donatacak mali gicinun olmamasidir. OD sistemlerinin
sadece sirta toprak islemede degil, ayni zamanda
ilaglamada da kullaniminin értiisme ve bosluk hatalarini
azalttgr ve OD kullaniminin  yararini  arttirdig
gozlenmistir. OD'den elde edilen fayda dizeyinin
giftciden ciftciye degisebildigi tespit edilmis olup, daha
ylksek diizeyde faydalar elde etmek igin giftgilerin OD
sistemlerini uygun ekipman ayarlariyla dikkatli bir sekilde
kullanmalari gereklidir.

Galismanin Onemi ve Etkisi: OD sistemlerinin ilaglama
isleminde uygun sekilde kullanimi, ortlisme ve bosluk
miktarinda azalmaya bagli olarak tarim ilaci kullaniminda
azalma, bitkiler Uzerinde daha az toksik etki, Urlin
Uzerinde daha diisik miktarda pestisit kalintisi, daha az
cevre kirliligi, daha dusuk ilaglama siresi, daha dustk
yakit tiiketimi ve daha diistk iscilik masrafi potansiyeline
sahiptir.

Anahtar kelimeler: GNSS,
ilaglama, ortlisme, bosluk, hata

otomatik dimenleme,
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Makale tarihgesi / Article history: Aims: In order to realize the year-round production in the greenhouse
Gelis tarihi /Received:09.10.2019 according to the daily average temperature values of Hatay, Osmaniye and
Kabul tarihi/Accepted:16.12.2019 Kahramanmaras provinces located in TR63 Region, it is aimed to determine

the air conditioning measures and the necessary parameters that can be
taken in the greenhouses.

Keywords: Methods and Results: In this study, the long-term climate values of the
Greenhouses, heating, ventilation, provinces in TR63 region have been determined and the temperature
shading, cooling. values reached during different periods of the air conditioning and

production period, the required heating, ventilation, cooling times and the
~ Corresponding author: A. Nafi BAYTORUN required fuel and cooling water amount have been determined. Heat

requirement was calculated by using ISIGER-SERA expert system model
using hourly temp., solar radiation and wind speed values considering the
temp. rise in the greenhouse. The heat energy required for keeping the
greenhouse temp. at 16/18 °C day and night is 132.1 kWh m? a*! in
Kahramanmaras province in the second region according to TS825
standards. The provinces in the first region were calculated as 85.5 and
71.8 kWh m2 a'* for Hatay and Osmaniye respectively.

Conclusions: In the greenhouses in this region, heating, ventilation,
shading and cooling are necessary for production to be realized all year.
However, the cost of production in the greenhouse varies depending on
air conditioning measures. When the climatic values of all three provinces
are taken into consideration, it is seen that the production period should
be started in the last week of August and continued until the end of June.
One-year plants produced in the greenhouse during the summer months
can also be produced under open field conditions. Due to the decrease in
product prices, one-year crop production in this region should be
terminated in July and greenhouses should be left empty.

Significance and Impact of the Study: This study shows that it is necessary
in certain periods of the year the climate in different ways depending on
the climate of greenhouses in order to obtain high quality and high
efficiency in greenhouses where appropriate concentrated in the
Mediterranean climate in Turkey. Also, this situation may affect
production costs depending on the air conditioning. At the same time, this
study will shed light on the feasibility studies of the greenhouse
enterprises in the region since heating, ventilation, shading and cooling of
the greenhouses are required for production in the greenhouse all year.
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GiRIS

Hizla artan dinya nifusuna paralel olarak, gida
maddelerine olan talep de her gecen giin artis
gdstermektedir. insanlar cogu zaman sebze ve meyveleri
mevsimi disinda da tiiketmek istemektedirler. Artan gida
ve mevsimi disinda sebze, meyve talebinin
karsilanabilmesi icin, birim alandan vyiksek verimin
alindigi seracilik, tim diinyada her gecen giin daha fazla
onem kazanmaktadir. Seraciligin diinyada bir sanayi
haline gelmis olmasinin en énemli nedenlerinden birisi
de vyetistirme ortaminin kontrol edilebilir olmasi
nedeniyle, kalite ve verimin en Ust dizeylere
¢ikarilabilmesidir. Artan gida talebini karsilama istegi ve
katma degeri yiksek ihrag Grlinlerinin yetistirilebilmesi
seracihigin gelismesine neden olan etmenlerdir.

Tiiketici talebinin hizla degistigi diinyada seracilik alan
olarak artis gosterirken, ayni zamanda seraciliktaki
teknoloji hizli bir sekilde gelisim gostermektedir. En fazla
seracilik, iklimin sera vyetistiricili§ine uygun oldugu
Akdeniz havzasindaki (lkelerde yapilmaktadir. Bir
Akdeniz (lkesi olan Turkiye, sera alani varliginda
diinyada dordiincti, Akdeniz (lkeleri arasinda ise
ispanya’dan sonra ikinci siradadir.

Turkiye'de seracilik 1940 yilinda baslamis gliniimizde
Marmara, Ege ve Akdeniz kiyi seridinde dagilim ve
genisleme godstermistir. Bu dagihm igerisinde yer yer
yogun Uretim alanlari olusmustur. En kuzeyde Yalova
cevresindeki mikro klimada gorilen seracilik, batida
izmir ve Mugla cevresinde, giineyde Antalya ve Mersin
dolaylarinda yogunlagsmakta ve Hatay ilinin Samandag
ilgesine kadar uzanmaktadir. Tirkiye'de ortl alanlarinin
%80'i 1sitma gereksiniminin dusik oldugu Akdeniz
bolgesinde bulunmaktadir (TUIK, 2018).

Tirkiye'de seralari disik, orta ve yliksek teknolojiye
sahip seralar olmak Uzere l¢ grup altinda toplamak
mimkindir. Akdeniz bolgesinin dar sahil seridinde yer
alan kigik aile isletmelerindeki seralar disiik ve orta
teknolojiye sahiptirler. Bu seralarin buyik cogunlugu
1980’li yillarda devlet tarafindan saglanan desteklerle
(KKDF  Kaynak  Kullanimini  Destekleme  Fonu)
kurulmuslardir. Kigik bloklar halinde kurulan bu
seralarda yan duvar havalandirmasi olup, diizenli i1sitma
yapllmamaktadir. Cok soguk glinlerde basit dnlemlerle
(soba, Ustten yagmurlama) Grin dondan korunmaktadir
(Baytorun, 2016). Bu tip seralarda yapilan tek Urln
domates vyetistiriciliginde ortalama 15-18 kg m verim
alinirken, ilkbahar lretiminde 12 kg m? ve sonbahar
iretiminde 9 kg m2 domates verimi saglanmaktadir (Rad
ve Yarsi, 2005; Daka ve ark., 2012). Tirkiye'de son
yillarda biiyik isletmeler halinde kurulan modern seralar
yliksek teknolojiye sahip olup dizenli olarak
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isitilmaktadirlar. Bu seralarimizdan elde edilen Griinlerin
onemli bir kismi yurt disina ihra¢ edilmektedir. Tarim
Bakanliginin 2012 yilindan itibaren hayata gecirdigi
"Alternatif Uretim Yéntemlerinin Gelistirilmesi Projesi"
kapsaminda  jeotermal kaynaklarin bulundugu
illerimizde, modern seraciligl yayginlastirmak amaciyla
mevcut durum analiz edilmis ve fizibiliteler hazirlanmistir
(Anonim, 2019). Bu kapsamda son yillarda Aydin, izmir,
Denizli, Afyonkarahisar, Manisa, Kiitahya, Kirsehir,
Sanliurfa ve Yozgat illerinde jeotermal seracilik konusu
ciddi bir sekilde ele alinmis ve yiksek teknolojiye sahip
modern seralar kurulmustur. Ozellikle karasal iklimin
hakim oldugu jeotermal bdlgelerde kurulan seralarda
Uretim periyodunun uzunlugu ve bitkilerin arzu ettigi
iklim kosullarinin otomasyon sistemleri ile dizenlenmesi
sonucunda domates verimi 50 kg m? ve Ustiine
cikabilmistir. Akdeniz bolgesinde kurulan yliksek
teknolojiye sahip modern seralardan elde edilen
domates verimi Uretim periyodunun kisaligi nedeniyle
30-32 kg m*? arasinda degismektedir (Baytorun ve ark.,
2018).

Bitki gelisimi icin gerekli iklim parametreleri ve sinirlar
Seradan kaliteli yiiksek verimin elde edilebilmesi igin
bitkilerin sicakhk, nem, stk ve CO, gibi gelisim
etmenlerinin optimum diizeyde tutulmasi zorunludur.
Seralarda yetistirilen bitkilerin bliyik ¢ogunlugu sicak
iklim bitkileri olup, iklim istekleri asagidaki gibi
Ozetlenebilir (Sirjacobs, 1988; Baudoin ve ark., 1990;
Verlodt, 1990; Krug ve Liebig, 1994)

1. Serada yetistirilen bitkiler ortalama 17°C-27°C'ye
adapte olmuglardir.

2. Gunlik ortalama sicakhigin 12°C-22°C arasinda
olmasi durumunda, seralarda isitmaya gerek
yoktur. Bu kosullarda seralarda iklimlendirme igin
dogal havalandirma yeterlidir.

3. Gunlik ortalama sicakhgin 12°C'nin altina dismesi
durumunda seralar isitilmalidirlar.

4. GUnlik ortalama sicaklik 22°C'nin  {zerine
ciktiginda, seralarda ek sogutma oOnlemlerinin
alinmasi zorunludur.

5. Dis sicakhgin 27°C'nin Ustline ¢ikmasi durumunda,
seralarda evaporatif sogutma sistemlerinin (Fan-
Ped) kurulmasi zorunludur.

6. lyi bir bitki gelisimi icin gece-giindiiz sicaklik farki
5°C -7°C arasinda olmalidir.

7. Bitkiler icin mutlak maksimum sicakhk 35°C-
40°C'nin Ustline ¢tkmamalidir.

8. Yilin Gg¢ ayinda (Kasim, Aralik, Ocak) toplam glin
uzunlugu 500-550 saat olmalidir.
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9. Gunlik toplama radyasyon 2300 Wh m?2 giin
olmahdir. Bitki blylmesi icin toplam gilines
radyasyonu siniri 1000 Wh m2giin'diir.

Minimum toprak sicakligl 15°C olmalidir.

Hava neminin %70-%90 arasinda olmalidir.

10.
11.

Yapilan bu calismada yukarida belirtilen kosullara bagl
olarak TR63 Bolgesinde yer alan Hatay, Osmaniye ve
Kahramanmaras illerinin glinlik ortalama sicakhk
degerlerine  gore serada tim yil  Uretimin
gerceklestirilebilmesi icin yilin farkli aylarinda seralarda
alinabilecek iklimlendirme 6nlemleri ve bu 6nlemler igin

gerekli parametrelerin belirlenmesi amaglanmistir.
MATERYAL ve YONTEM

TR63 bdlgesinde yer alan Kahramanmaras, Osmaniye ve
Hatay illerinin saatlik sicaklik, nem, glines 1sinimi ve
rizgar hizi degerleri Meteoroloji Genel Mudirliglinden
saglanmistir. iklimlendirme hesaplamalari icin
Turkiye'de son yillarda kurulan yiiksek teknolojiye sahip
seralarin boyutlari esas alinmistir. iklimlendirme icin esas
alinan sera boyutlari Cizelge 1'de verilmisgtir.

Cizelge 1. Hesaplamalarda kullanilan seranin boyutlari ve teknik 6zellikleri

Sera uzunlugu

Yan duvar Ortiisii

8 mm aralikli gift kat PC

Boélme sayisi Cati Ortiisii 180 u

Boélme genisligi 9.60 m Havalandirma Cati havalandirmasi

Yan duvar yiiksekligi 5.00m Havalandirma agikhig Sera tabaninin %40'1

Cati yiiksekligi 2.50m Isitma Tabana yakin borulu isitma

Ortii yiizey alani 27738 m? Isi perdesi XLS 17

Taban alani 20160 m? Isi perdesi sizdirmazhig Orta
Serada si gereksinimi, ISIGER-SERA uzman sistem Ay _ 2 N qQo(1 —E, * ) _Ac, U
modeliyle hesaplanmistir (Baytorun ve ark., 2016a, b; A cp xp v, *Ct/C, AT 4 ¢

Baytorun ve ark., 2018). ISIGER-SERA modeli serada isi
gereksinimini sicaklik yikselmesini dikkate alarak saatlik
sicakhk, gilines isinimi ve rizgar hizi degerlerinden
hesaplamaktadir. Bu modelle yapilan hesaplamalarda
glin boyu serada depolanan glines isiniminin serada
oraya cikan sicaklik yikselmesini dikkate alindigindan
elde edilen sonuglar gercek degerlere daha yakin
olmaktadir. ISIGER-SERA modelinde 1s1 gereksinimi
asagidaki esitlik yardimi ile hesaplanmaktadir (Rath,

1992).
8760

> (e # e (8, ~ Buon, — 8645,) =
n=1

CDCS

Esitlikte; ®.: Uretim periyodu boyunca ortaya ¢ikan isi
gereksinimi (kWh), U.: Isi gereksinim katsayisi (W m? K
1), A.: Ortii yiizey alani (m?), 6;,: Serada istene sicaklik
(°C), Bion,: Isitimayan ve belirli bir sicakliga kadar
havalandirilmayan seradaki sicaklik (°C), ABsy, : Sera
6zelligine bagl ortaya ¢ikan sicaklik yiikselmesi (°C), t;:
Simiilasyon zaman araligi (1h)

Seranin havalandirma aciklik alaninin sera taban alanina
bagh olarak serada ulasilan sicakhk farki asagidaki
esitlikten gidilerek hesaplanmistir (Von Zabeltitz, 2011).
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Esitlikte; Ay: Havalandirma agiklik alani (m?), Ag: Sera
taban alani (m?), cpy: Havanin 6zgiil i1si degeri (kWh kg™
K*), p: Havanin yogunlugu (kg m3), v,,: Riizgér hizi (m s°
1), C4: Desarj katsayisi, C,,: Riizgdr katsayisi

©: Ortii malzemesinin gecirgenligi (%), q,: Giines isinimi
siddeti (W m?), E,: Evaporasyon katsayisi, f: Bitki 6rtii
katsayisi, AT: Ulasilan sicaklik farki (K)

Seralarda evaporatif sogutmada dis havanin sicaklik ve
nem degerlerinden gidilerek havanin entalpi ve nem
icerigi  psikrometrik  esitliklerden  yararlanilarak
hesaplanmistir. Sogutmada kullanilan pedin randimani
%70 olarak kabul edilmis ve pedlerin hemen gikisinda
ulasilacak sicakhk degeri asagidaki esitlikten gidilerek
hesaplanmistir

6, =6 —nx*(0—0pg)

Evaporatif sogutmada havaya herhangi bir 1s1 eklenip
cekilmedigi icin seraya giren havanin entalpi degeri sabit
kalmaktadir.  Sabit entalpi degerinde seraya
nemlendirilerek giren havanin yeni nem igerigi (x;)
asagidaki esitlikten hesaplanmistir.

_h- (CPL*HZ)

%= Ty + (cpw * 92‘)
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Serada yeni Ozelliklere sahip olan havanin 6z kitlesi
(yogunluk) havanin nem igerigine ve sicakhigina bagl
olarak asagidaki esitlikten yararlanilarak hesaplanmistir.

1 +Xi P
= *
0.622+x; R, * (6] +273.15)

Pi

Yapilan hesaplamalarda sera o6rti  malzemesinin
gecirgenligi %60 olarak kabul edilmistir. Seraya ulasan
gines 1siniminin duyulur isiya déntsen miktarinin bir
kismi transmisyonla dis ortama tasinirken bir kismi
transpirasyonda  kullanilmaktadir.  Transpirasyonda
kullanilan ve transmisyonla dis ortama tasinan isinin %35
oldugu kabul edilmistir (Von Zabeltitz, 1986). Serada
sicakhga etki eden %65’lik duyulur isinin dis ortama
tasinmasi durumunda serada arzu edilen sicakhgin
saglanmasi mimkin olabilmektedir.

Calismada golgelendirilen serada hava degisim katsayisi
Z= 30 h?! olarak alinmistir (Von Zabeltitz, 1986).
Hesaplamalarda esas alinan seralarin ortalama yiiksekligi
6.6 m oldugundan birim alana tekabiil eden hava degisim
katsayisi (V) asagidaki esitlikten gidilerek hesaplanmistir
(Baytorun ve ark., 2016a).

Vy=2ZxH,

Birim alana tekabiil eden hava degisim katsayisi ise, 200
m3 m2h? olarak alinmistir. Evaporatif olarak sogutulan
seradan vantilatorlerle atilan isinin geri kalan kismi
havanin entalpi degerinin  ylikselmesine neden
olmaktadir. Seradaki havanin yeni entalpi degeri
asagidaki esitlikten gidilerek hesaplanmistir.

+ qsv

hi ? Va * pi

=h
Seradaki havanin yeni entalpi degerine ve nem igerigine
bagh olarak serada ulagilan sicakhk degeri asagidaki
esitlikten belirlenmistir.

_ hy—xixmg
i

CpL T Cpw * X;

BULGULAR ve TARTISMA

TR63 bodlgesinde bulunan Osmaniye ve Hatay TS825
standartlarina  goére I. bdlgede yer alirken,
Kahramanmaras |Il. bolgede vyer almaktadir. TR63
bolgesinde bulunan Kahramanmaras, Osmaniye ve
Hatay illerinin aylara bagh gilnlik ortalama sicaklik
degerleri Cizelge 1’de verilmistir.

Cizelge 1.TR63 bolgesinde yer alan illerin aylara bagh uzun yillik giinlik ortalama sicaklik degerleri (°C)

iL Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
1. BOLGE Sogutma
131 17.2 21.2 24.8 27.1 27.7
Osmaniye 133 17.3 21.6 25.5 28.0 28.4
2. BOLGE Sogutma
15.2 20.1 25.1 283 28.4
Cizelgeden de gorilecegi gibi tipik Akdeniz iklimi 6zelligi Uzerindedir. Bu aylarda seralarda bitkisel Uretimin

gosteren Osmaniye ve Hatay illerinde giinliik ortalama
sicaklik  Aralik-Subat déneminde 12°C’'nin altina
diiserken, Kahramanmaras’'ta Aralik-Mart déneminde
12°C'nin  altina dismektedir. Bu nedenle TR63
bolgesinde bulunan Kahramanmaras’'ta igin Isitma
giderleri Hatay ve Osmaniye’ye gore daha ylksek
olmaktadir. Kahramanmaras'ta sera 1Isi gereksinimi
Hatay’dan yaklasik olarak %48 daha fazladir (Cayli ve
Temizkan, 2018).

TR63 bodlgesinde bulunan her (g ilimizde de sicaklik
degerleri Temmuz ve Agustos aylarinda 27°C’nin
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devami icin sogutma islemlerinin yapilmasi zorunludur.

Is1 giicii, 1s1 gereksinimi ve yakit miktari

Seralarda isitma sistemlerinin projelenmesinde segilecek
kazan glicinln belirlenmesi 6nem arz eder. Kazan glicii
serada hesaplanan 1si gliciine goére belirlenir. TR63
bolgesinde bulunan illerin farkh sicaklik degerlerine gére
hesaplanan isi glicti degerleri Cizelge 2’de verilmistir.
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Cizelge 2.TR63 bdlgesinde seralarda farkl gece/giindiiz sicakhklari icin is1 glicii degerleri (W m2)

il 15/16°C 16/16°C 16/18°C 16/20°C 17/20°C
Hatay 60 66 74 93 93
Osmaniye 53 59 59 76 76
Kahramanmaras 86 86 103 121 121
Seralarda en 6nemli Gretim giderleri iscilik ve 1sitma enerjisi  gereksinimleri verilmistir. Cizelgeden de
giderleridir (A. Nafi Baytorun ve ark., 2018). Cizelge 3’te gorilecegi gibi aylara bagl en digslk 1si gereksinimi
TR63 bolgesinde yer alan illerde bulunan yiliksek Osmaniye ilinde, en ylksek 1s1 enerjisi gereksinimi
teknolojiye sahip PE plastik seralarda sicakligin Kahramanmaras’ta ortaya ¢cikmaktadir.

gece/glindiz 16/18°C'de tutulmak istenmesi
durumunda yilin aylarina bagh olarak ortaya ¢ikan isi

Cizelge 3.TR63 bolgesinde seralarda sicakhgin gece/gindiiz 16/18°C’de tutulabilmesi icin aylara bagli i1si gereksinimi
(kWh m=2ay?)

il Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
Hatay 25.7 17.5 10.1 2.1 0.0 0.0 0.0 0.0 0.0 0.4 9.0 20.7
Osmaniye 20.9 15.9 10.0 2.2 0.0 0.0 0.0 0.0 0.0 0.1 5.9 16.8
K.Maras 36.1 26.8 16.7 5.7 0.6 0.0 0.0 0.0 0.0 1.9 14.8 29.5
Cizelge 4’te TR63 bolgesinde yer alan illerde bulunan periyodu boyunca ortaya c¢ikan 1si gereksinimleri
ylksek teknolojiye sahip PE plastik seralarda sicakhgin verilmistir.

gece/gindiz 16/18°C’de tutulmak istenmesi Uretim

Cizelge 4. TR63 bolgesindeki illerde yiiksek teknolojiye sahip seralarda sicakligin gece/glindiiz 16/18°C’de tutuldugu
kosullarda isi gereksinimi ve yakma randimanlarina bagh komur miktari

Kémiir miktari kg m2a*

il Isi Gereksinimi kWh m2a

Randiman %55 Randiman %60 Randiman %65

Hatay 85.5 19.1 17.5 16.2

Osmaniye 71.8 16.0 14.7 13.6

Kahramanmaras 132.1 29.5 27.0 25.0
Cizelgeden de gorilecegi gibi aylara bagl en dislik isi Havalandirma
gereksinimi Osmaniye ilinde (71.8 kWh m=2 al), en Gunlik ortalama sicakhgin 12-22°C arasinda olmasi
yiksek 1s1 enerjisi gereksinimi Kahramanmaras’ta (132.1 durumunda seralarda i¢ ortam havasinin diizenlenmesi
kWh m2a?l) ortaya ¢cikmaktadir. icin havalandirma yeterli olmaktadir. Seralarda iyi bir
Seralarda ihtiya¢ duyulan yakit miktari 1s1 gereksinimi havalandirma igin havalandirma agiklik alanlarinin sera
yaninda isitma sisteminin randimanina bagli olarak taban alanina orani %20-%25 arasinda olmalidir
degismektedir. Cizelge 4’te 1s1 perdeli serada sicakligin (Baytorun, 1986). Yiksek teknolojiye sahip seralarda
gece/glindiiz 16/18°C’'de tutulmak istenmesi boceklerin  seraya girmemesi icin bocek tilleri
durumunda farkh randimanlarda ihtiya¢ duyulan komir kullanilmaktadir. Sase ve Christianson (1990) yaptiklari
miktarlari verilmistir. Serada kullanilan isitma sisteminin ¢alismalarda sera havalandirma agiklilarinda bdcek
randimani %55 oldugunda Osmaniye’de ihtiya¢ duyulan tillerinin kullanilmasi durumunda havalandirma agiklik
kémur miktari 16 kg m™ olurken, Kahramanmaras'ta alaninin desarj katsayisina baglh olarak 1.2-5 kat arasinda
295 kg m? olmaktadir. Diger bir ifade ile arttinlmasini gerektigini belirlemislerdir. Bu sebeple son
Kahramanmaras'ta serada  yapilacak Uretimde yillarda  kurulan seralarda havalandirma aciklik
Osmaniye’ye oranla %46 daha fazla yakita ihtiyag alanlarinin sera taban alanina orani %40 alinmaktadir.
duyulmaktadir. Cizelge 5'te TR63 bolgesinde yer alan illerin saatlik iklim

degerlerinden gidilerek serada ve dis ortamda 22°C’'nin
Uzerindeki saatler verilmistir.
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1zelge o. olgesinde yer alan lllerae 7 avalandirma acikligina sahip serada ve dis ortamda en yukse
Cizelge 5. TR63 bélgesinde yer alan illerde %40 havaland cikligina sahip serada ve dis da 22°C’den yiiksek

sicaklik saatleri

iL Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
Dis sicakhgin 22°C’den yiiksek oldugu saat sayisi
Hatay 0 0 0 35 300 602 744 744 637 274 12 0
Osmaniye 0 0 0 80 336 580 744 744 593 304 54 0
K.Maras 0 0 0 12 248 512 737 738 505 188 0 0
Serada sicakligin 22°C’den yiiksek oldugu saat sayisi
Hatay 0 0 0 102 330 606 744 744 641 293 29 0
Osmaniye 0 0 25 224 378 592 744 744 595 327 121 0
K.Maras 0 0 0 82 327 536 739 739 522 257 18 0

Cizelgeden de goriilecegi gibi TR63 bolgesinde bulunan
illerde dis ortam sicakliklari Nisan-Kasim doéneminde
22°C’'nin  Gzerine ylkselmektedir. Ancak serada
havalandirma sadece  sicaklik kontroli icin
yapilmamaktadir. Havalandirma ayni zamanda serada
nem ve CO; yogunlugunun diizenlenmesi iginde
yapilmaktadir. Belirtilen nedenle tiim yil boyunca dis
sicakhk degerleri kritik degerlere ulasmadigl slrece
serada havalandirma yapilmaktadir.  Nisan-Kasim
donemlerinde serada sicakhgin dizenlenmesi igin
havalandirma yapilmahdir.

Mayis
28 y
26
:0\24
;’22
< 20
& 18 1 —=&— Antakya
—e— K.Maras
16
14
0 2 4 6 8 10 12 14 16 18 20 22 24

Ginln Saatleri (h)

Sekil 1.

Hatay iklim kosullarinda Nisan ayinda dis ortamda
sicakligi 35 saat 22°C'nin Uzerine yilkselirken, %40
havalandirma agikligina sahip serada sicaklik 102 saat
22°C’nin Gzerine yiikselmektedir.

Sogutma

TR63 bolgesinde yer alan Hatay ve Kahramanmaras
illerinde %50 oraninda golgelendirilen ve %40
havalandirma aciklik alanina sahip seralarda Mayis ve
Haziran aylarindaki saatlik sicakhk degerleri Sekil 1'de
verilmistir.

Haziran
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Kahramanmaras ve Hatay illerindeki %50 golgelendirilen ve %40 havalandirma agikligina sahip seralarda

glniin saatlerine bagli sicakhk degerleri

Mayis ayinda %50 oraninda golgelendirilen
seralarda iyi bir havalandirma ile serada ulasilan sicaklik
degerleri sinir deger olan 27°C’ye ulasmaktadir. Haziran
ayinda ise seradaki sicakliklar gdlgelemenin yapilmasina
ragmen sinir deger olan 27°C’'nini  Uzerine
ylikselmektedir. Belirtilen nedenle seralarda kaliteli bir
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Uretimin yapilmasi icin seralarin haziran ayindan itibaren
glind(iz saatlerinde sogutulmasi zorunlu olmaktadir.
Hatay ve Kahramanmaras illerinde %50 oraninda
golgelendirilen ve havalandirilan serada Haziran ayinin
farkli giinlerinde saat 12.00'de ortaya cikan sicakhk
degerleri Sekil 2’de verilmistir.
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Sekil 2. Hatay ve Kahramanmaras iklim kosullarinda %50 oraninda golgelendirilen serada Haziran ayinin giinlerinde
saat 12.00’de ortaya cikan sicaklik degerleri

Sekilden de gorilecegi gibi Hatay ilinde Haziran ayinin ilk
giinlerinde saat 12.00’de ortaya cikan sicaklik degerleri
27.5°C olurken Haziran ayinin son glinlerinde 30°C’ye
ylikselmektedir. Kahramanmaras ilinde ise Haziran
ayinin baslarinda 30°C olan dis sicaklik degerleri Haziran

ayinin sonlarina dogru 34°C’ye ylikselmektedir. Cizelge
5'te TR63 bolgesinde yer alan illerde %50 oraninda
golgelendirilen, havalandirilan serada ve dis ortamda
sicakligin  27°C'den yiliksek oldugu saatler toplami
verilmigtir.

Cizelge 5.TR63 bolgesinde yer alan illerde dis ortamda ve %40 havalandirma acikligina sahip seralarda %50
goblgelemenin yapildigi kosullarda 27°C’den yiksek sicakhk saatleri

. Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
! Dis sicakhgin 27°C’den yiiksek oldugu saat sayisi

Hatay 0 0 0 0 7 192 342 371 246 69 0 0
Osmaniye 0 0 0 0 77 276 402 419 280 125 0 0
K.Maras 0 0 0 0 31 254 394 399 239 23 0 0

Serada sicakligin 27°C’den yiiksek oldugu saat sayisi

Hatay 0 0 0 0 35 230 351 383 263 85 0 0
Osmaniye 0 0 0 8 216 338 443 447 310 198 8 0
K.Maras 0 0 0 0 77 283 418 417 269 66 0 0

Hatay ilinde Mayis ayinda dis ortamda sicaklik sadece 7
saat 27°C'nin Uzerinde seyrederken golgelendirilen ve
havalandirilan serada 35 saat sicaklik 27°C’nin {izerinde
seyretmektedir (Cizelge 5). TR63 bdlgesindeki illerde
golgelendirilen ve havalandirilan seralarda 27°C'nin
Uzerindeki saatler Haziran ayinin ilk gliniinden itibaren
hizli  bir sekilde artmaktadir. Temmuz ve Agustos
aylarinda serada sicakhgin 27°C’den yiiksek oldugu saat
sayisi aylarin sahip oldugu saat sayisinin yarisindan daha
fazladir. Diger bir ifade ile glindiiz saatlerinde seranin
stirekli olarak sogutulma zorunlulugu ortaya ¢ikmaktadir.
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TR63 bolgesinde Mayis ayinda serada havanin sisleme ile
nemlendirilmesi durumunda sicakligin dizenlenmesi
mimkin olabilmektedir. Sekil 3'te %50 nem ve farkli
sicaklik degerlerine sahip serada havaya eklenen su
miktarlarina bagli olarak ulasilan sicaklik degerleri
verilmistir.  Sekilden de gorilecegi gibi serada hava
sicakliginin 32°C ve oransal nemin %50 oldugu kosullarda
bir kg kuru havaya eklenen 2 gram su ile serada ulasilan
sicaklik 27.1°C'ye c¢ekilirken havanin oransal nemi
%77'ye yikselmektedir.
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Sekil 3. Farkh sicakliklarda ve oransal nemin %50 oldugu kosullarda sera havasina eklenen su miktarina bagli olarak
serada ulasilan sicaklik ve nem degerleri

TR63 bolgesinde bulunan illerin maksimum sicaklik ve
minimum nem degerleri Cizelge 6’da verilmistir.
Cizelgeden de gorilecegi gibi en yliksek sicakliklar
Kahramanmaras ilinde ortaya cikmaktadir.

Kahramanmaras’in ylksek sicaklik dezavantajina karsin
oransal nemim dusik olmasi evaporatif sogutma
acisindan buyilk avantaj saglamaktadir.

Cizelge 6. TR63 bolgesinde yer alan illerin maksimum sicaklik (°C) ve minimum nem degerleri (%)

i Oca Sub Mar Nis May Haz Tem Agu Evyl Eki Kas Ara
Maksimum Sicaklik (°C)
Hatay 12.0 14.5 18.2 22.6 26.5 29.2 31.1 32.0 31.0 27.3 20.2 13.7
Osmaniye 14.5 16.0 19.1 23.6 27.6 31.3 33.5 34.2 32.2 28.2 21.4 16.0
K.Maras 9.2 11.0 15.9 21.2 26.7 31.9 35.5 35.9 32.5 26.0 17.8 11.1
Minimum Nem (%)
Hatay 53 43 42 42 42 39 40 40 43 41 41 41
Osmaniye 42 33 31 32 37 38 40 41 34 31 28 38
K.Maras 50 37 31 25 26 21 16 17 17 25 31 42

TR63 bolgesinde bulunan illerde ortaya ¢gikan maksimum
sicaklik ve minimum nem degerlerine bagh olarak %50
oraninda golgelendirilen seralarda kurulu evaporatif

sogutmada ped randimaninin %70 oldugu kosullarda
seralarda ulasilan sicakhk degerleri Cizelge 7'de
verilmistir.

Cizelge 7. TR63 bdlgesindeki illerde serada %50 gélgelemenin yapildigi, hava degisim katsayisinin 200 m3> m2h ve ped
randimaninin %70 oldugu kosullarda serada ulasilabilen sicaklik degerleri (°C)

iL Ocak Subat Mart Nisan Mayis Hazir. Temm. Agus. Eylll Ekim Kasim Aralk
Hatay - - - - - 24.7 26.5 27.3 26.8 23.4 - -
Osmaniye - - - - 23.1 263 28.5 29.3 26.5 22.7 - -
K.Maras - - - - - 24.1 25.7 26.3 23.7 - - -

Cizelgeden de gorilecegi gibi Osmaniye ilinde Temmuz
ve Agustos aylarinda ortaya c¢ikan sicaklik degerleri
27°C'den yuksektir. Hatay ve Kahramanmaras ilerinde
ise hava sicakliklari belirtilen aylarda sinir degerlerde
tutulabilmektedir.

Seralarda yapilan evaporatif sogutmada elektrik enerijisi
gereksinimi yaninda temiz su ihtiyaci bliyik dnem arz
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etmektedir. TR63 bolgesinde bulunan illerde yapilacak
evaporatif sogutmada gereksinilen su miktari Cizelge
8’de verilmistir. Cizelgeden de gorilecegi gibi serada
yapilacak evaporatif sogutmada gerekli olan su miktari
iklim kosullarina ve serada ulasilan sicaklik degerlerine
bagh olarak 0.625 ile 1.172 kg m? h?' arasinda
degismektedir.
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Cizelge 8. TR63 bolgesindeki illerde serada %50 gélgelemenin yapildigi, hava degisim katsayisinin 200 m®* m2h?ve
ped randimaninin %70 oldugu kosullarda serada gerekli su miktari (kg m2h?)

il Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
Hatay - - - - - 0.676 0.686 0.697 0.645 0.625 - -
Osmaniye - - - - 0.679 0.719 0.721 0.713 0.791 0.773 - -
K.Maras - - - - - 0.995 1.172 1.157 1.081 - - -

Tirkiye'de seracilk iklimin uygun oldugu Akdeniz
bolgesinde yogunlasan seralarda kaliteli ve vyiksek
verimin elde edilebilmesi icin, seralarin iklime bagh
olarak yilin belirli dénemlerinde farkli sekillerde
iklimlendirilmesi zorunludur. Seralarda iklimlendirme
alinan o6nleme bagh olarak lretim maliyetini
etkilemektedir.

Yatirim destek programlarina gére TR63 bolgesinde yer
alan Kahramanmaras, Osmaniye ve Hatay illeri TS825
standartlarina bagli olarak farkl iklim bolgelerinde yer
almaktadirlar. Hatay ve Osmaniye |. Bolgede yer alirken,
Kahramanmaras Il. Bolgede yer almaktadir. Her (g
ilimizin iklim degerleri g6z oniline alindiginda bu
illerimizde yapilacak modern seracilik Gretiminde {iretim
periyodu Agustos ayinin son haftasinda baslayarak
Haziran ayinin sonuna kadar devam etmektedir.

TR63 bolgesinde yer alan illerimizde tim yil seralarda
Uretimin gercgeklestirilebilmesi icin seralarin isitiimasi,
havalandirilmasi,  golgelenmesi  ve  sogutulmasi
gereklidir. Serada Uretim maliyeti iklimlendirme
Oonlemlerine bagli olarak degismektedir. Akdeniz iklim
kusaginda isgilikten sonra Gretim maliyetini etkileyen en
onemli unsur 1si ve elektrik enerjisidir. TS825
standartlarina gore Il. Bolgede bulunan Kahramanmaras
ilinde serada sicakhgin gece gindiz 16/18°C'de
tutulabilmesi icin gerekli olan 1si enerjisi 132.1 kWh.m™
a’l, Hatay’da 85.5 kWh m2a™, Osmaniye’de 71.8 kWh m"
2aVdir. Diger bir ifade ile Kahramanmaras’ta yapilacak
domates (lretiminde Hatay’a oranla 1.54, Osmaniye’ye
oranla 1.84 kat daha fazla isi enerjisi tiiketimi ortaya
cikmaktadir. Bu durum TR63 bodlgesinde bulunan
Osmaniye’de seraciligin Hatay ve Kahramanmaras’a gore
daha avantajli oldugunu gostermektedir.

TR63 bolgesinde bulunan illerde seralarda mayis ayindan
itibaren havalandirma + goélgeleme ile sicakligin kontrol
edilmesi gereklidir. Mayis ayinin son haftasindan,
haziran ayinin sonlarina kadar seralarda sisleme ile
evaporatif sogutma yapilmalidir. Bu yontemle seradaki
bitkilerin kisa araliklarla yapilacak yiksek basingh su
plskirtmeleri ile serinletilmesi mimkin olabilmektedir.
TR63 bolgesinde bulunan Kahramanmaras ili ortaya
ctkan  maksimum sicakliklar nedeniyle Hatay ve
Osmaniye’ye gore dezavantaja sahiptir. Ancak
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Kahramanmaras’ta hava neminin diger iki ile gbre daha
disik olmasi bu ilde seralarda kurulacak evaporatif
sogutma sistemlerini daha etkili kilmaktadir. Ancak fan
ve ped sistemi ile yapilan evaporatif sogutma oldukca
fazla elektrik enerjisi ve temiz suya ihtiyag
gostermektedir. Ayrica sicak donemlerde serada Uretilen
tek yilhk bitkilerin dis iklim kosullarinda Uretilmesi
seralarda tretimin devamini engellemektedir. Belirtilen
nedenle TR63 bolgesinde seralarda yapilan tek yillik
bitkisel retim Temmuz ayinda sonlandirilarak seralar
bos birakilmaktadir. Ancak sis bitkileri Gretimi yapilan
seralarda evaporatif sogutma uygulanmaktadir.
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Aims: The purpose of this paper is to define some criteria such as
uniformity coefficient, features of machines, which is used commonly in
Thrace region for field crops to be used in system design. In this study, the
water distribution tests were performed standards and the Christiansen’s
uniformity coefficient (CU) was determined in order to control the
uniformity of the water distribution throughout the wings.

Methods and Results: Within the scope of the test, 6 mm nozzle diameter,
30, 40, and 50 m h* operating speed were used. The wind velocity and
prevailing direction is the factor that causes negative influence on water
application. Therefore, they were taken into consideration the wind
velocity from 0.5 m s to 2 m s*. The performance test was applied on two
different types of irrigation movement machines that have different wing
lengths, where 11 and 17 collectors were placed on the left and the right
side of the wings. The amount of water collected in the collectors was
measured and CU was calculated. As a result, water uniformity coefficients
values were varied between 74.72-86.50%.

Conclusions: |t is advantageous that the wing height and length of one of
the machines can be adjustable, it is advantageous that the flow and speed
control of the other one's can be done with electronic panel. So, these
machines should be tested and developed by crop cultivation.
Significance and Impact of the Study: The importance of the study is to
improve the system performance, to ensure uniform water distribution on
the field surface, to improve the water application efficiency and to
develop recommendations for machine manufacturers and users in
parallel to increase production capacity.

Atif / Citation: Gultas HT, Ahi Y, Koksal DD, Karaer M (2019) Comparison of Two Lateral Move Irrigation Machines Commonly
Used in Turkey in Respect of Water Uniformity Coefficient. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :101-105

INTRODUCTION necessary to maximize crop yield and quality. Also,
uniform water distribution is necessary for more
efficient use of the available irrigation water supplies.

For these reasons, improvement in water distribution by

Water is being applied to millions of acres of irrigated
lands by many types of sprinkler and surface-irrigation
systems. Uniform water distribution by these systems is
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both sprinkler and surface irrigation systems is very
important to irrigated agriculture (Pair, 1968).

Chavez et al. (2010) indicated that water uniformly
applied within the irrigated area makes it possible to
maximize yield, optimize nutrients uptake by plants and
reduce problems of groundwater contamination due to
leaching. These authors also stated that mechanical
lateral-move irrigation systems have potential to cause
high levels of water application uniformity.

It is important that linear moving sprinkler systems,
which have been used in recent years, be used correctly.
Knowing the amount of water supplied by the system
and the water distribution pattern is of great importance
for the proper use of the system. Sprinkler irrigation
machine, which is used especially in frequently grown
field crops, has the advantage that the labour
requirement is very low, different irrigation doses can be
applied easily, water losses are low, equipment does not
remain in the field at the end of irrigation, and a high
uniform water distribution is provided (Bahgeci, 2006).
According to Duke (2006), operating pressure of the
system and wind speed condition at the application time
is very important and effect on the uniformity of water.
So we could be saying that the usage of linear-move
irrigation machine would be very useful of irrigation at
large areas. For this purpose, we tested these machines
and evaluated some criteria of its. This test produces
data to be used in computing the coefficient of
uniformity, which can assist in system design and/or
selection, and can be used to quantify certain aspects of
system performance in the field. The coefficient of
uniformity is only one factor in evaluating total system
performance (ASAE, 2012).

MATERIAL and METHODS

Theory and modelling

Test procedure was prepared according to ASAE S436.1:
1996 standards (ASAE, 2012) to determine the
performance of the linear moving sprinkler system used
in the experiment.

If a portion of the area under the pipeline is used for the
water supply system and not for crop production, that
distance should not be included in the definition of the
effective length. For this case, the effective length is the
distance between the terminal sprinkler and spray
devices on each end of the lateral, plus 75% of the
wetted radius of each terminal water applications
device, minus the distance used for the water supply
system. For this case, the effective length is the distance
between the terminal sprinkler and spray devices on
each end of the lateral, plus 75% of the wetted radius of
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each terminal water applications device, minus the
distance used for the water supply system. A collection
of water distribution devices fitted to the outlets of a
lateral move system. The devices may consist of
sprinklers, spray devices, piping, pressure or flow control
devices, and supporting plumbing designed for a specific
machine and set of operating parameters (ASAE, 2012).
The Christiansen’s distribution coefficient (CUc), one of
the most important criteria used in determining water
distribution  performance, was developed by
Christiansen (1942) and is also expressed in the
literature as The Christiansen’s distribution coefficient
(CU). In terms of ensuring a distribution in sprinkler
heads, distribution coefficient values are not required to
be less than 84% (Calgici, 2011).

The coefficient of uniformity for a lateral move is
calculated using the Christiansen formula;

_ Siz1 IVi-val

CU:=100|1 Vi Eq.(1)
where:
CUc : The Christiansen uniformity coefficient;
n : The number of collectors used in data analysis;
Vi : The volume of water collected in the i th
collector (mL),
Va : The arithmetic average volume caught by all

collectors (mL).

Test Conditions and Procedures

Collectors are placed parallel to the wing of the irrigation
machine, perpendicular to the main pipe. The height of
the collectors selected 120 mm. The collector was
determined of a light color to reflect solar radiation and
minimize evaporation. The collectors were located so
those do not interfere with the measurement of water
application as shown in Fig. 1. The wind speed was
consistently observed by anemometer from the
Meteorology station (Metos, serial number 00203626),
which has been locating 150 m close to the work area,
along the rest.

The desired test pressure was specified prior to the test.
For many applications the specified test pressure should
match the pressure used to design the sprinkler package
on the machine. The test pressure was recorded and
being maintained during the test to within + 5% of the
specified test pressure. The machine operated at a speed
that will deliver an average depth of application of not
less than 15 mm. The irrigation system operated long
enough for the water application pattern to completely
pass over all collectors (Fig. 2).
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Figure 1. Collector layout for determining the water distribution of lateral move irrigation machines (ASAE, 2012)
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Figure 2. The layout of tests

RESULTS and DISCUSSION

In this study, the water distribution tests were
performed according to standards and the Christiansen
uniformity coefficient (CUc) were determined in order to
control the wuniformity of the water distribution
throughout the wings. As we known that the
Christiansen uniformity coefficient should be higher
than 84% for being acceptable of water distribution.

The performance test was applied on 2 different types of
irrigation movement machines that have different wing
lengths, where 11 and 17 collectors were placed on the
left and the right side of the wings. The amount of water
collected in the collectors was measured, which was
repeated as 3 replicates (Fig. 3). Figure 3 shows those
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different area topographic conditions in terms of
altitude, position distance of water resources etc.

They were taken into consideration the wind velocity
from 0.5 m s-1 to 2 m s.. Within the scope of the test, 6
mm nozzle diameter, 30, 40, and 50 m h operating
speed were used.

As a result of this study, when the speed of the Type-1
linear-move irrigation system was kept constant at 50 m
h', performance decreased when the wing height was
measured at 1.8 m, 1.5 m and 1.0 m heights. On the
other hand, when the speed of the linear-move irrigation
system was kept constant at 40 m h*and 30 m h speed,
it was observed that the performance of the irrigation
system was decreased by decreasing the height of the
wing to 1,8m 1,5m and 1,0 m. Another result is that the
CU distribution decreases when the wing height was
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kept constant at 1.8 m, 1.5 m and 1.0 m for each height
and its performance at 50 m h, 40 m h* and 30 m h'
was measured.

As the test measurements were performed
simultaneously, all climatic parameters were fixed for
both irrigation systems. Therefore, when the two
irrigation systems were compared, it was observed that
the performance of Type-1 linear-move irrigation system
increased when the height of the wing from the ground
was decreased and the performance of the Type-2
linear-move irrigation system remained constant.
Results of the tests have shown total and graphically on
Fig. 3.

When the previous studies in the literature are
examined, it is seen that the results obtained in the
research coincide with the studies. In the researches, it
is explained that the speed of linear move irrigation
system, the wind speed during the operation of the
machine and the equal water distribution are important
in both water and plant nutrient applications.

In addition, it is stated that timely and correct machine
maintenance is effective in uniform water distribution
(Howell & Phene 1983; Silveira et al. 1987; Fraisse et al.
1995; Omary et al. 1997; Bahgeci et al. 2008; Norenberg
et al. 2017).

CONCLUSIONS

the linear-move

machine could be useful of large areas due to easy-use

Considering all results, irrigation
operating procedure, highly effective water distribution
and etc. The tests have shown that the annual
maintenance of the linear-move irrigation system has a
significant effect on the decrease in CU. The other hand,
the high initial investment cost can be considered as a

disadvantage.
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Figure 3. Graphical scenery of results of the machine tests

OZET

Amag: Bu calismanin amaci, Trakya bolgesinde tarla
bitkileri icin yaygin olarak kullanilan hareketli
yagmurlama sistemlerinin tasariminda dikkate alinmasi
gereken es su dagilim katsayilarinin belirlenmesidir.

Yontemler ve Bulgular: Arastirmada, sistem kanatlari
boyunca es su dagilminin  kontroli amaciyla
Christiansen es su dagilim katsayisi (CU) ilgili standartlara
gore test edilerek bulunmustur. Test kapsaminda
basliklarda 6 mm meme capi, 30, 40 ve 50 m h'! makine
hareket hizi uygulanmistir. Riizgar hizi, su uygulamasi
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Uzerinde oldukca 6nemli etkiye sahip oldugundan testler
05 m st ile 2 m st rizgdr hizi araliginda
gerceklestirilmistir. Performans testleri, kanatlarin sol ve
sag tarafina 11 ve 17 toplayicinin yerlestirildigi farkl
kanat uzunluklarina sahip iki farkli dogrusal hareketli
sulama sistemine uygulanmistir. Toplayicilarda toplanan
su miktarlari Olgilmiis ve Christiansen es su dagilim
katsayilari hesaplanmistir. Sonug olarak, Es su dagilim
katsayilari %74.72-86.50 arasinda degismistir.

Genel Yorum: Test edilen makinelerin kanat
ylksekliginin ve uzunlugunun ayarlanabilir olmasi, akis
ve hiz kontroliiniin elektronik panel ile yapilabilmesi gibi
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Ustlinldkleri tespit edilmistir. Ancak, makinelerin {riin
yetistiricili§ine paralel olarak test edilmesi ve
gelistirilmesi 6nerilmektedir.

Calismanin Gnemi ve Etkisi: Calismanin énemi, sistem
performansinin ylkseltilmesi, tarla yizeyinde es su
dagihminin saglanmasi, su uygulama randimaninin
arttinlmasi  ve paralelinde Uretim kapasitesinin
ylkseltilmesi icin makine Ureticileri ve kullanicilarina
onerilerin gelistirilmesidir.

Anahtar kelimeler: Dogrusal hareketli sulama sistemi,
performans testi, isletme o6zellikleri, 1slatilan alan
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Determination of the average temperature data: Antalya and Alanya case

Ortalama sicaklik verisinde gidislerin belirlenmesi: Antalya ve Alanya 6rnegi

Mete OZFIDANER™ =, Duygu SAPOLYO UCAN?
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, Fatih TOPALOGLU?

MAKALE BiLGISi / ARTICLE INFO OZET/ABSTRACT

Aims: In this study, it is aimed to determine the average monthly
temperature data of Antalya and Alanya temperature observation stations
(1975-2018).

Methods and Results: In this study, the long-term climate values of the
provinces in TR63 region have been determined and the temperature
values reached during different periods of the air conditioning and
production period, the required heating, ventilation, cooling times and the
required fuel and cooling water amount have been determined. Heat
requirement was calculated by using ISIGER-SERA expert system model
using hourly temperature, solar radiation and wind speed values
considering the temperature rise in the greenhouse. The heat energy
required for keeping the greenhouse temperature at 16/18 °C day and
night is 132.1 kWh m2 a* in Kahramanmaras province in the second region
according to TS825 standards. The provinces in the first region were
calculated as 85.5 and 71.8 kWh m?2 a? for Hatay and Osmaniye
respectively.

Conclusions: In general, temperatures tend to increase in Antalya and
Alanya stations.

Significance and Impact of the Study: The tendency to increase and
decrease in temperature can be related to climate change. The increase in
temperature shows very important agricultural results. In this context
sowing high temperatures. may cause changes in planting and harvesting
times.
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GiRiS giinimiize kadar ki dénemde karsilasilan en sicak yillar
olarak goziikmektedir (Turkes ve ark., 2002). 19. Yizyilda
hiz kazanan sanayi devrimi ile birlikte atmosferdeki

konsantrasyonu artan ve sera gazlari olarak adlandirilan

ilkel toplumdan giiniimiize kadar her alanda yasanan
gelisim, beraberinde bircok sorunu da getirmistir ve

getirmeye devam etmektedir. Nifus artisi, sanayilesme
ve kentlesmenin sonucu olarak ortaya ¢ikan,
karbondioksit ve diger sera gazlarinin salinimi gibi insan
faaliyetleri; sicakligi, yagislari etkilemekte ve kiresel
iklim degisikligine neden olmaktadir. Daha 6nceleri dogal
nedenlere bagh olarak uzun yillarda yavas yavas degisim
gosteren iklim, artik gilnimizde o6nemli derecede
hissedilebilecek hizli bir degisim slirecine girmistir.
Gectigimiz son 20-30 yil, en azindan 1400 yilindan

gazlarin (basta karbondioksit olmak lizere, metan, azot
oksitler, florokloro karbonlar vb.) yerylziinden yayilan
uzun dalga radyasyonu tutmasi nedeniyle ortalama
ylzeysel hava sicakliklarinda belirgin  bir artis
saptanmistir. Nitekim gecen vyizyillda 1906 ile 2005
arasinda kiresel ortalama sicaklikta 0.74 °C'lik bir artis
oldugu belirlenmistir (IPCC, 2007).

iklim degisikligi ve kiiresel 1Isinma yaygin olarak sicaklik,
yagis, buharlasma, nem, giineslenme siddeti, rlizgar gibi
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parametreler Uzerinde yapilan calismalar sonucunda
tespit edilebilmektedir. Bu parametrelerden hava
sicakligi ve yagis, genellikle iklim degisikligi konusunda
diger parametrelere gore daha fazla 6neme sahiptir.
Sicaklik ve yagis parametreleri hakkinda elde edilen
dogru bilgi, su kaynaklarinin optimum kullanimi, sel ve
kuraklik kontrold, iklim degisikliginin degerlendirilmesi
ve etkin su yonetimi igcin 6énemli bir baglangi¢ noktasidir.
Su kaynaklari, yagis (Ozfidaner, 2007; ; Topaloglu ve
Ozfidaner, 2012; Ozfidaner ve ark., 2015), sicaklik
(Salinger ve ark., 2001; Ozfidaner ve ark., 2015, 2016,
2018), akim (Topaloglu, 2006a,b, Topaloglu ve ark.,
2012; Ozfidaner ve ark., 2015, 2018), tarimsal
faaliyetlerdeki ve arazi kullanimindaki (Gebert ve Krug,
2006) degisikliklere karsi son derece hassastir. Tlrkiye
iklim degisikliginin olumsuz etkileri acgisindan “risk
grubundaki llkeler” arasinda sayilmaktadir (Yamanoglu,
2006; Anonim, 2014a). Arastirmacilar, iklim kusaklarinin
ekvatordan kutuplara dogru yizlerce kilometre
kayabilecegini, bunun sonucunda Tirkiye'nin, bugiin
Orta Dogu ve Kuzey Afrika'da hakim olan sicak ve kurak
iklim kusaginin etkisine girebilecegini belirtmislerdir
(Trkes, 1998).

Ozfidaner ve ark. (2015) Mersin istasyonunda biitiin
aylar da minimum sicakliklarda onemli artis, Silifke
istasyonunda ilkbahar ve yaz aylarinda 6nemli artis
belirlenmistir.  Maksimum sicakliklarda ise Silifke
istasyonun da Mayis ve Ekim aylarinda azalma diger
aylarda artis, Mersin istasyonun da ise Mart ayinda
azalma belirlenirken yaz aylarinda 6nemli artis egilimleri
belirlemislerdir. Yilhk maksimum ve minimum sicakhk
verilerinde ise iki istasyon iginde O©nemli artig
bulunmustur. Turkes ve ark. (2002) ¢alismasinda iklim
degisikligi konusuna gosterilen ilginin beklenen bir
sonucu olarak, gecen on vyilda, Akdeniz Havzasl ve
cevresindeki tlkeler icin, uzun sireli ylizey hava sicakligi
degisimleri ve egilimleri ile Akdeniz Havzasi boyunca
etkili olan atmosfer dolasimi tipleriyle baglantili
degisimler ve anomaliler konusunda ¢ok sayida calisma
yapildigini belirtmislerdir. Tirkiye icin yapilan 6nceki
calismalarin sonuglarina gére (Turkes, 1995; Tirkes ve
ark., 1995; Kadioglu, 1997; Tayan¢ ve ark., 1997),
Tlrkiye’'nin blyik bir bolimiinde, yillk ve mevsimlik
ortalama vyizey hava sicakliklarinda, ozellikle yaz
mevsiminde, genel bir azalma (soguma) egiliminin
oldugunu belirtmislerdir. Ote yandan, Tiirkiye’nin biiyiik
bir béliminde, mevsimlik minimum sicaklik dizilerinde
genel bir artma (1sinma) egilimi ve maksimum sicaklik
dizilerinde -ilkbahar disinda- genel bir azalma egiliminin
belirgin oldugu bulunmustur (Tlrkes ve ark., 1996).
Ancak, bu durum yaklasik son 10 yilda, 6zellikle yilin sicak
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doneminde, degismeye baslamistir (Erlat, 1998, 1999;
Tiirkes, 2000).

Tirkiye ortalama ve maksimum sicakliklarda soguma
egilimleri zayiflamis ve daha az anlamli hale gelmistir
(Tarkes ve ark., 2002). Karabulut (2012) Dogu Akdeniz de
1965-2008 yillari arasi maksimum ve minimum
sicakliklarda belirgin artislarin gergeklestigini ortaya
koymaktadir. Ayrica mevsimsel olarak da 6nemli
artiglarin meydana geldigini belirlemislerdir. Efe ve ark.,
(2015) Tiirkiye genelinde yaptiklari calismada maksimum
ve minimum sicakliklarda Akdeniz bolgesinde genel
olarak azalma egilimi belirlemislerdir.

Dinyada ve Tirkiye'de, sicaklik (Yue ve Wang, 2002;
Kémiscii. 1998; Tiirkes, 2004; Ozfidaner, 2015), egilimi
Uzerine bircok calisma vyapilmistir. Turkiye sicakhk
gozlemde kullanilan istasyonlarinin yeterli siklikta
kurulmamasi, kayit siresinin istatistiksel calismalara
imkan verecek o6lclide uzun olmamasi, dogal afetler,
insan etkisi, gozlem metodu ve verilerin saklanmasindaki
sistematik hatalar gibi birgok faktériin etkisiyle rastgele
olma ozelligini kaybederek heterojen 6zellik gostermeye
baslamasi gibi nedenlerden dolayi da sicakliklarda
zamanla gorllebilecek artma veya azalma yoénindeki
gidislerin de plan, proje ve isletiimesinde g6z Online
alinmasi gerekmektedir. Bu nedenle, bu tiir calismalara
baslamadan once, verilerin gidis 06zelliginin kontrol
edilmesi gereklidir (Topaloglu, 2006a)

Bu ¢alisma Antalya ve Alanya istasyonun da aylik
ortalama sicakliklardaki olasi gidisin belirlenmesi
amagclanmistir. Bu amagla istasyonlara ait 44 yillik (1975-
2018) ortalama sicaklik verilerinin gidisini belirlemek igin
parametrik olmayan Mann-Kendall sira korelasyon testi
uygulanmistir.

MATERYAL ve YONTEM

Bu calismada; Akdeniz bélgesinde bulunan, Meteoroloji
Genel Mudurligt (MGM) tarafindan isletilen Antalya ve
Alanya istasyonunun 1975-2018 yillari arasinda olcilen
aylik ortalama sicaklik verileri kullaniimistir. Bu kayit
déneminin secilmesinin temel nedeni, ayni kayit
dénemine sahip en fazla sayida istasyonun bu yillar
arasinda olmasidir. Bir yagis ya da sicaklik gozlem
istasyonunun verileri zaman icinde sirekli artar veya
azalirsa serinin bir gidise sahip oldugu soylenebilir. Yagis
yada sicaklik verilerinin toplanis sirasi ile aldigi degerler
arasinda onemli bir korelasyonun olup olmadigini
belirleyen gidis analizi icin gelistirilmis Spearman, ve
Mann-Kendall sira korelasyon testleri gibi bir ¢ok
parametrik testler mevcuttur. Bu ¢alismada dogrusal ve
dogrusal olmayan gidislerin ortaya ¢ikarilmasinda etkili,
basit ve dagilimdan bagimsiz olan ve sira istatistiklerine
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dayanan bir yaklasim olan Mann-Kendall sira korelasyon
testi kullaniimistir.

Mann-Kendall Sira Korelasyon Testi

Parametrik olmayan Mann-Kendall istatistik testi
hidrometeorolojik  zaman  serilerinde  meydana
gelebilecek artma veya azalma yonindeki gidislerin
istatistiksel 6nemini test etmede oldukga sik kullanilan
bir testtir (Yue ve Wang, 2002). Bu gidis testi i = 1,..., n-
1’e kadar siralanmis olan bir xi veri setineve j=i+1,..,
n’e kadar siralanmis olan bir xj veri setine uygulanir. Her
bir siralanmis rakam xi bir referans noktasi olarak
kullanilir ve diger siralanmis veri grubu xj ile asagidaki
denklemde verildigi gibi kiyaslanir.

1 ; Xj>Xi
sgn(x)=4 0 ;XjZXi Es (1)
-1 xj<x1

Mann-Kendall test istatistigi S ise Denklem ile hesap
edilebilir.

nd n
S=2 L sgn(xj - Xi) Es (2)
1=1j=1+1

Denklemde n yil olarak veri uzunlugudur. S degeriise n >
8 oldugunda asagida verilen ortalama ve varyans ile
yaklasik olarak normal dagilim gosterir.

ElS|=0

n(-1(@2n+5)- >t ()i ~D(2i +5)
i=1

Es (3
18 $(3)

Var(S) =

Burada, ti degeri i uzunlugundaki bir seride bagh
gozlemleri gostermektedir. Esitlikteki toplama terimi
sadece veride bagh gozlem oldugunda kullanilr.
Standartlastirilmis Mann-Kendall istatistigi Z ise denklem
te verildigi gibi hesaplanabilmekte ve seride gidis (trend)
yoktur sifir hipotezi (HO) varsayimi altinda ortalamasi
sifir, varyansi bir olan standart normal dagilim
gostermektedir.
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-1 :S>0
Jvar@§)
) Es (4)
7= 0 : S=0
S+1

JVar(S) §<0

Sifir hipotezi Mann-Kendall test istatistigi —ztablo, 1-0/2
< Z < ztablo, 1-a/2 ise kabul edilmektedir. Arti Z degeri
akimlarda artisi gosterirken, eksi Z degeri azalisa isaret
etmektedir.

BULGULAR ve TARTISMA

Akdeniz bolgesinde bulunan ve verileri istatistiksel
analize imkan verecek olglide yeterli olan Antalya ve
Alanya sicaklik gozlem istasyonunun 44 yillik (1975-
2018) aylik ortalama sicaklik verilerindeki olasi gidis %5
onem dlizeyinde Mann-Kendall sira korelasyon testi (—
1.96 < Z < 1.96) kullanilarak test edilmis ve sonuglar
Cizelge 1 de sunulmustur.

Antalya istasyonu Ortalama Sicakliklarin Mann-Kendall
Analiz Sonuglari

Antalya istasyonunda 1975-2018 vyillarina ait ayhk
ortalama sicaklik verilerinin gidis analiz sonuglari gizelge
1 de verilmistir. Aylik ortalama sicaklik verilerinde %5
Onem seviyesinde artis egilimleri goriilmektedir. Antalya
istasyonunda vyil icinde butin aylar da ortalama
sicaklilarda artis belirlenmistir. Ocak ve Aralik aylarinda
ortaya cikan artis istatistiki anlamda 6nemsiz ¢cikmistir.
Diger aylarda ise istatistiki anlamada Onemli artis
egilimleri saptanmistir. Bu dénemde en fazla sicaklik
artisi 0.069 °C ile Agustos ayinda, 0,050 °C ile temmuz ve
0.044 °Ciile eyliil ayinda meydana gelmistir. Bu dénemde
dénemli artislarin en az olani ise 0.033 °C ile Nisan ve
Mayis ayinda meydana gelmistir. Ayrica yillik ortalama
sicaklik verilerinin analizi sonucu 6nemli artisin meydana
geldigi Cizelge 1 den gorilmektedir. Yillik artis degeri ise
0.036°C olarak tespit edilmistir. Karabulut (2012)
¢alismasinda 1965-2008 tarihleri arasindaki yillik
minimum sicaklik degerlerinde %5 6nem seviyesinde
istatistiksel olarak 6nemli artis belirlemis ve ¢calismamiz
ile paralel sonuclar bulmustur. Tlrkes ve ark. (2002)
calismalarinda yillk minimum sicaklik degerlerinin
Adana istasyonu igin istatistiksel olarak énemli artma
egiliminde oldugunu belirlemislerdir. Buna karsilik Efe ve
ark. (2015) yilinda yaptiklari ¢galismada 1950-2013 yillari
arasindaki yillik minimum sicaklik verilerinde azalma
egilimi tespit etmislerdir.
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Cizelge 1. Antalya istasyonu ortalama sicaklilarin Mann-Kendall trend analizi sonuglari

Aylar Z istatistigi Q (C°/wil)
Ocak 0.42 0.005
Subat 2.09* 0.037
Mart 2.26* 0.034
Nisan 2.38* 0.033
Mayis 2.87* 0.033
Haziran 2.94%* 0.039
Temmuz 3.46* 0.050
Agustos 5.17* 0.069
Eyliil 3.78%* 0.044
Ekim 2.67* 0.038
Kasim 2.29%* 0.036
Aralik 1.79 0.025
Yillik 3.90* 0.036

* % 5 6nem seviyesini temsil etmektedir.

Alanya istasyonu Ortalama Sicakliklarin Mann-Kendall
Analiz Sonuglari

Alanya istasyonunda 1975-2018 yillarina ait ayhk
ortalama sicaklik verilerinin gidis analiz sonuglari gizelge
2’de verilmistir. Aylik ortalama sicaklik verilerinde %5
onem seviyesinde artis egilimleri goriilmektedir. Alanya
istasyonunda vyil icinde bitlin aylar da ortalama
sicaklilarda istatistiki anlamada 6nemli artis egilimleri
saptanmistir. Bu dénemde en fazla sicaklik artisi 0.108 °C
ile Agustos ayinda, 0.097 °C ile Temmuz ve 0.085 °C ile
Haziran ayinda meydana gelmistir. Bu donemde 6nemli

artislarin en az olani ise 0.033 °C ocak ayinda meydana
gelmistir. Ayrica yillik ortalama sicaklik verilerinin analizi
sonucu o6nemli artisin meydana geldigi Cizelge 2’'de
gorilmektedir. Yillik artis degeri ise 0.036°C olarak tespit
edilmistir. Yaz sicakliklari, ilkbaharda oldugu gibi, artma
egilimi gbstermistir. Bu istasyonun kentlesmis ya da hizla
kentlesmekte olan yerlesimlerinde yer almasindan
kaynaklanmaktadir. Yaz sicakliklari, ilkbaharda oldugu
gibi, artma egilimi gostermistir. Bu istasyonun kentlesmis
ya da hizla kentlesmekte olan yerlesimlerinde vyer
almasindan kaynaklanmaktadir.

Cizelge 2. Alanya istasyonu ortalama sicaklilarin Mann-Kendall trend analizi sonuglari

Aylar Z istatistigi Q (C°/yil)
Ocak 2.08* 0.033
Subat 3.07* 0.053
Mart 4.09* 0.062
Nisan 3.93%* 0.059
Mayis 5.07* 0.064
Haziran 5.53%* 0.085
Temmuz 5.83* 0.097
Agustos 6.33* 0.108
Eylal 5.98* 0.084
Ekim 4.22% 0.076
Kasim 3.68* 0.066
Aralk 3.26* 0.050
Yilhk 6.30%* 0.036

* %5 dnem seviyesini temsil etmektedir.

Aylik ortalama sicakliklara Antalya ve Alanya istasyonda
44 yilhk verilerle (1975-2018) parametrik olmayan
Mann-Kendall sira  korelasyon testi kullanilarak
yapilmistir.  Gidis analizi sonucunda ortalama
sicakliklarda her ay artis egilimi belirlenmistir. Onemli
artis egilimleri Antalya istasyonunda subat-kasim aylari
arasinda gorilmustir. Aralik ve ocak aylarinda 6nemsiz
artma egilimi bulunmustur. Ortalama sicaklik verilerinde
Alanya istasyonunda yil boyunca énemli artis egilimleri
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bulunmustur. Yillik ortalama sicakliklarda Antalya ve
Alanya istasyonda 6nemli artislar gozlemlenmistir. Yillik
ortalama sicaklik artislari her iki istasyonda 0.036 °C/yil
olarak belirlenmistir.

Sonug olarak, ortalama sicakliklarin artmasi kiiresel iklim
degisikliginin bir gostergesi olarak ortaya ¢ikmaktadir.
Ortaya c¢ikan kigik sicaklik artislari bolgede tarimsal
faaliyetleri etkileyecektir. Sicakhk artisi ile beraber
yagislarda olasi bir azalma durumunda tarimsal kurakliga
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dogru bir gidisin olabilecegi agiktir. Bolgede yetistirilen
Uranlerde sicakliga bagh olarak erken dikim ve ekim,
yetisme déneminde kisalma ve buna bagh olarak Grin
veriminde olusabilecek azalma olasi sonuglar olarak
ortaya c¢ikmaktadir (Ozfidaner ve ark., 2018).
Sehirlerdeki konutlarda ve sanayide artan enerji
tiketimi, yesil alanlarin azalmasi, ylizey neminin
azalmasi, yogunlasan trafik, asfalt ve beton gibi yapay
ylzeylerin radyasyon dengesini degistirmesi, iklim
elemanlarinin  alansal ve zamansal dagilisinda
farklilasmalarin meydana gelmesine yol ag¢maktadir
(Cicek ve Dogan, 2005).

OzET

Amag: Bu calismada Antalya ve Alanya sicaklik gozlem
istasyonlarina ait ortalama aylik sicaklik verilerinin
(1975-2018) yillari arasindaki olasi  gidislerinin
belirlenmesi amacglanmistir.

Yéntemler ve Bulgular: Hidrolojik degiskenlerin gidis
analizi kuraklik ve iklim degisimi nedeniyle ginimizde
daha fazla 6nem kazanmistir. Hidrolojik zaman
serilerindeki gidisin varligi parametrik ve parametrik
olmayan testlerle belirlenebilir. Bu ¢alismada Mann
Kendall Sira Korelasyon testi kullaniimistir. Arastirma
sonucuna gore Antalya istasyonunda Aralik ve Ocak
aylari disinda ortalama sicaklik verilerinde Mann-Kendall
sira  korelasyon testi ile onemli artma gidisleri
belirlenmistir. Antalya istasyonun da yillik ortalama
sicaklik degerlerinde 0,036 derece yil! biyikliginde
artma oldugu saptanmis ve bu artmanin istatistiksel
olarak 6nemli oldugu sonucu belirlenmistir. Alanya
istasyonun da ise bitin aylarda ortalama sicakllarda
onemli artma egilimleri belirlenmistir. Yillik olarak ise
énemli artis degeri 0.071 derece yil' olarak tespit

edilmistir.
Genel Yorum: Genel olarak Antalya ve Alanya
istasyonlairinda sicakliklarda artma egilimi

belirlenmistir.

Calismanin Gnemi ve Etkisi: Sicaklilarda goriilecek artma
ve azalma egilimleri iklim degisikligi ile iliskilendirilebilir.
Sicaklik artisi tarimsal agidan son derece 6enmli sonuglar
ortaya koymaktadir. Bu baglamda vyiksek sicakliklar
ekim. dikim ve hasat zamanlarinda degisiklige sebeb
olabilir.

Anahtar Kelimeler: Akdeniz, gidis, iklim degisikligi,
Mann-Kendall, sicaklik
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Determination of the effects of irrigation in the different development periods on the
efficiency and oil quality of sesame under Cukurova conditions

Gukurova kosullarinda 2. Grin susamin farkl gelisim dénemlerinde yapilan sulamalarin verim ve yag

kalitesine etkileri
Nigar ANGIN*“, Volkan CATALKAYA®

1 Eastern Mediterranean Agricurtural Research Institute, Adana, Turkey

MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Aims: The study was carried out in the trial area of the Eastern
Mediterranean Agricultural Research Institute in 2015 in order to
determine the effects of the irrigation on 2.crop sesame yield and oil
quality in the different developmental stages of the sesame.

Methods and Results In the experiment, nine different irrigation
treatments were studied according to plant developmental periods. The
subject was started in the dilution period and continued during flowering-
capsule binding periods. At the end of the experiment, it was determined
that the seasonal water consumption values of the plants varied between
146.3-628.3 mm and yields were 135-253 kg decare? according to
irrigation subjects. Also, according to irrigation subjects, the height of the
plant was 127-184 cm, the number of branches was 3.05-5.43 pieces plant’
1. The first capsule binding height was 33.7-42.1cm, the number of
capsules was 128-295 pcs plant?, the shank thickness was 1.01-1.64 cm
and the weight of 1000 grains varied between 3.59-4.03 g. In addition, the
protein ratios of 24.3% -27.7% and fat ratios between 53.1% and 55.9%,
palmitic acid was 9.19% -9.96%, stearic acid 4.76% -5.15%, oleic acid 39.4%
-24.7% and linoleic acid It was determined that it ranged from 40.9% to
44.3%.

Conclusions: As a result, while the lowest yield was determined on the
anhydrous subject, the effect of irrigation on yield and yield was
statistically significant, and the effect on the values of fat and fatty acids
was not significant.

Significance and Impact of the Study: In order to protect the scarce water
resources, the most sensitive period for irrigation was determined by
taking into account the yield and quality characteristics of the second
product sesame.
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GiRiS imkanlari  bulmaktadir. Cukurova Bélgesi 2. iriin

yetistirme potansiyelinin oldukc¢a yliksek oldugu bir

Susam, diinyanin en eski kiltlre alinan yag bitkilerinden
biridir. Susam, tropik ve subtropik iklim kusagi ile uygun
mikro klima bélgelerinde yetistirilen bir bitkidir. Akdeniz
ve Ege Bolgesi basta olmak lzere, Dogu Anadolu harig
hemen hemen tim bodlgelerimizde ekim alani olan
susamin hem ana Uirin hem de 2. irin olarak yetistirme

bolgedir. Bolgede ana (irlinden ¢ok 2. Griin olarak ekimi
daha yaygin olmakla beraber, sulamasi ile ilgili pek ¢ok
problem yasanmaktadir.

Tarimsal isletmelerin  bitkisel {retiminde verimi
arttirmak ve saglikh bitki gelisimini saglamak ile ilgili en
kritik asamalarindan biri de hi¢ slphesiz sulamadir.
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Bitkinin ekiminden hasadina kadar gecen siirede 6nemli
miktarda  Grin  vyanlis  tekniklerin  uygulanmasi
neticesinde verim ve kalite kaybina ugramaktadir. Susam
sulama ihtiyaci olan ancak sulamaya karsi hassas bir
Griindir. istegi dogrultusunda sulamanin yapilmasi ile
birlikte verimini arttirma ve daha karli bir Griin olmasini
saglamak mimkindir. Yag bitkileri icinde en hassas
yaplya sahip olan susam, sulama miktari ve yonteminden
en fazla etkilenen (riin olmasi nedeniyle bu konuda
yapilacak en kiicik hatayi bile tolere edememektedir. Bu
kadar hassas olan bu 6zel iriin i¢in uygulanacak suyun da
son derece bilingli bir sekilde verilmesi gerekliligi
bulunmaktadir. Genis kullanim alani ve en eski kultlr
bitkilerinden olmasina ragmen susam Uretimi hala kiiglik

alanlarda yapilmakta ve gin gectikce ekim alanlari
daralmaktadir.

Adana ilinde vyagh tohumlu bitkilere ait dretim
gerceklesme oranlari Cizelge 1'de verilmistir. Susam
ekilisi Adana ili i¢in ana Urin olarak 2018 yilinda 2,613
da, 2. Uriinde ise 14,773 da olarak Tirkiye istatistik
Kurumu kayitlarina gecmistir (TUIK, 2018). Ancak susam
tariminin kigtk alanlar seklinde oldugu da kayitlarda
yerini alan bir gergektir. Veriminin ¢ok disiik olmasinin
sebepleri ise, yetistiriciligin susuz kosullarda, kira¢ ve
tashk alanlarda yapilmasi, yeterli bakimin yapilmamasi
ve genellikle bolgede yerel cesitlerin kullaniimasi olarak
da soylenebilir.

Cizelge 1. Adana ilinin 2018 yili yagli tohum uretim durumu (TUIK, 2018)

URUNLER Alan (da) Uretim (Ton) Verim (kg da-1)
YAGLI TOHUMLAR 956,464 356,565

Susam 17,286 1,721 100
Ana Uriin 2,613 238 95
2. Uriin 14,773 1,483 100
Aycicegi(Yaghk) 521,214 176,639 339
Ana Uriin (Kuru) 451,603 149,708 332
Ana Uriin (Sulu) 65,526 26,006 397
2. Uriin (Kuru) 1365 232 170
2. Uriin (Sulu) 2720 693 255
Yerfistig 239,584 98,834 413
Ana Uriin 149,940 65,891 439
2. Uriin 89,644 32,943 367
Soya 177,830 79,254 446
Ana Uriin 54,884 28,273 515
2. Uriin 122,946 50,981 415
Kanola(Kolza) 47 16 340
Aspir 503 101 201

Ulkede tarimi yapilan yag bitkileri icinde &nemli bir yeri
olan susam, ortalama % 50-60 yag ve % 25 protein
icermektedir. Susam yagi; yiksek oranda doymamis yag
asidi (%40-50 Oleik, %5-45 linoleik, %7-9 Palmitik ve %4-
5 Stearik, %0.4-1.0 Arasidonik) icerigi ile kolesterolsiiz,
kaliteli bir yemeklik yagdir. Susam yag: kaliteli bir yag
olmasina karsin ekonomik olmadigi icin, Glkemizde daha
ziyade tahin ve tahin helvasi Gretiminde, kuru pasta ve
simit gibi unlu mamullerin yapiminda kullaniimaktadir
(Tan, 2012) .

Susam Hindistan, Sudan ve Myanmar basta olmak (izere,
diinyanin tropik ve suptropik iklim kusaklarina sahip
bircok yoresinde kultiri yapilan tek yilik bir yag
bitkisidir. Diinya susam ekim alani 9,983,165 ha olup, en
fazla ekilis alanina sahip (lkeler 1,800,000 ha ile
Hindistan ve 1,478,158 ha ile Myanmar’dir. Fakat liretim
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miktari olarak Cin 524,156 ha’lik alandan 734,160 ton ve
119 kg dalik verim ile diinyada ilk sirada yer almaktadir.
Ulkemizde ise bu oran 28,031 ha alanda 18,410 ton’dur
(FAO, 2018). Ulkemiz her yil yaklasik olarak bir milyar
dolarin tizerinde yag ve yagli tohum ithalati yapmaktadir.
Petrol ve tiirevlerine 6denen 6denekten sonra en yiksek
ithalat payini yagh tohumlar almaktadir (FAO, 2017).
Diinyada yag icerigi en yilksek susam genotiplerini
barindiran llkemizde (Weiss, 1983), yag ihtiyacimiz
bakimindan disa bagimlilig azaltacak girisimlerin bir an
once baslatilmasi kaginilmazdir ( Uzun, 2007).

Tarimsal faaliyetlerde yiksek verim igin en 6nemli
faktorlerden birisi de sulamadir. Bitkilerin  su
gereksinimlerine; bliyime mevsimi uzunlugu, iklim
(sicakhk, yagis, nem, buharlasma ve riizgar hizi), topragin
mevcut nem icerigi, topografya ve toprak bilinyesi gibi
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bircok faktor etki etmektedir. Susam bitkisinin su
tiketimi ve su-verim iliskisi konusunda Ulkemizde ve
diinyada yapilmis oldukga sinirl ¢alisma bulunmaktadir.
Bu arastirmalarin ¢ogu, fizyolojik ve morfolojik amacli
olduklari belirlenmistir. Kimi calismalar da yagisin efektif
oldugu mikro klimalarda yuritilmastir.

Cukurova kosullarinda susamin  su tliketiminin
belirlenmesi amaciyla yiritilen bir calismada; elverisli
nem %50 diizeyine distlgiinde yapilacak olan sulamaiile
ilgili olarak en yiiksek verimi 164 kg da* olarak saptanmis
ve mevsimlik su tliketimini 396,4 mm olarak
hesaplanmistir (Dervis,1981). Ayni arastirmaci, bu kez
bugdaydan sonra 2. iriin susamda en yliksek verimi
166,8 kg da ve mevsimlik su tiiketimini ise 464,6 mm
olarak belirlemistir (Dervis,1986).

Yaglarin fiziksel ve kimyasal ozelliklerini, icerdikleri yag
asitlerinin oranlari ve kompozisyonu belirlemektedir. Yag
bitkilerinin yag asidi kompozisyonu siirekli sabit olmayip;
turlere 0zgli karakteristik farklihklar gosterdigi gibi,
bircok faktére bagl olarak sirekli degismektedir. Bu
nedenle, yag bitkilerinin yag asitleri kompozisyonunda
hangi kosullarda nasil bir degisim meydana geleceginin
bilinmesi, yag kalitesi acisindan oOnemli olmaktadir
(Karaca ve Aytag, 2007).

Yag kalitesi bakimindan vyiksek sicakliklar bitkilerde
linoleik ve linolenik asit sentezi Gizerine olumsuz, buna

karsin oleik asit sentezi izerine olumlu etki yapmaktadir
( Weiss, 1983; Stryer, 1986; Robbelen ve ark., 1989).

Bu calismada 2. Urin olarak yetistirilecek susamin farkli
gelisim dénemlerinde uygulanan sulamalarin verim, bitki
su tlketimi, bitkinin vegetatif-generatif gelisimine,
protein ve yag kalitesi lizerine etkilerinin belirlenmesi
amagclanmistir.

MATERYAL ve YONTEM

Arastirma Dogu Akdeniz Tarimsal Arastirma Enstitlist
deneme alanlarinda yiritilmistir. iklim daghk ve ovalik
alanlarda farkhlik gostermekle birlikte tipik Akdeniz iklimi
karakterindedir. Yazlari sicak ve kurak, kislari ihk ve
yagish gecer. Cok yillik veriler gore uzun yilhk yagis
ortalamasi 67.8 mm’dir.

Calismada enstitimizde yapilan adaptasyon calismasi
sonucu bolgemize uygunlugu tespit edilen Ege Tarimsal
Arastirma Enstitlsi tarafindan 1999 yilinda tescil edilmis
Orhangazi 99 c¢esidi kullanilmistir. 2015 yili susam
bitkisinin ekiminden hasada kadar gecen dénem icin
yagis degerleri, uzun yillar ortalama yagis degerleri ile
birlikte Cizelge 2'de verilmistir. Calismada sulama
programinin basladigi Temmuz ayi ile son hasadin
yapildigi 15 Ekim tarihine kadar toplam 40.3 mm yagis
gerceklesmistir.

Cizelge 2. Bitki Gelisimi Siiresince Olusan Yagis Degerleri (2015)

Haziran Temmuz Agustos Eyldl Ekim TOPLAM
Yil
(mm) (mm) (mm) (mm) (mm) (mm)
2015 25.8 1.2 0 9.3 4 40.3
Uzun Yillar 20 7.1 5.2 5.8 0.7 88.8
Ort.
Deneme alaninin farkh noktalarindan alinan bozulmus ve konuya uygulama zamaninda mevcut nemi tarla
bozulmamis toprak o6rneklerinin analizi sonucunda kapasitesine c¢ikaracak sekilde su gollendirmeli karik
katmanlara gore topragin pH’l, 7.72-8.10; elektriksel sulama yontemi ile uygulanmustir.
iletkenlik 0.223-0.459 dS m; hacim agirhg 1.37-1.42
gem®?; tarla kapasitesi 28.95-31.11 g g-1, solma noktasi Deneme Konulari;
ise 15.53-17.10 g g* arasinda degismektedir. Deneme
alani topraklarinin profil boyunca killi-tinli oldugu ve 90 Si- Yagisa dayali (susuz) kontrol parseli,
cm profil derinligindeki kullanilabilir su miktari 170 S,- Seyreltme déneminde,
mm’dir. Tarla kapasitesi ve solma noktasi su icerikleri S3- Ciceklenme déneminde,
derinlik olarak 383 ve 213 mm olarak belirlenmistir. Ss- Kapsiil baglama doneminde,
Denemede kullanilan sulama suyu, Asagl Seyhan Ovasi Ss- Seyreltme ve Ciceklenme dénemlerinde,
sulama sistemindeki YS6-13 kanalindan pompa ile alinip Se- Seyreltme ve Kapsil baglama donemlerinde,
tarla ici sulama sistemi yardimiyla parsellere S7- Ciceklenme ve Kapsiil baglama dénemlerinde,
uygulanmistir. Denemede kullanilan sulama suyunun Ss- Seyreltme, Ciceklenme ve Kapsil baglama

EC’si 0.420 dS ml?, pH’si 7.1 ve sinifi C,S; olarak
belirlenmistir.

Tesadif bloklari deneme deseninde 3 tekrarlamali olarak
ylratilen denemede 9 sulama konusu ele alinmis ve her
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donemlerinde,
Se- Sg konusuna uygulanacak suyun her bir donemde
%50’si kadar su uygulanan konudur.
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Arastirma parsellerinin timi homojen bir ¢cimlenme ve
cikisin saglanabilmesi icin ekim sonrasi tarla kapasitesine
getirilinceye kadar uygulanmistir.

Susamin etkili kok derinligi 90 cm olarak alinmistir.
Ekimden itibaren toprak profilinin mevcut su igeriginin
belirlenmesi amaciyla haftada bir 30 cm’lik katmanlar
halinde gravimetrik yontemle toprak suyu oOl¢limleri
yapilmig ve 6lglimler hasada dek strdirilmustar.

Ekim 24.06.2015 tarihinde sira tzeri 15 cm, sira arasi 70
cm olacak sekilde 3.5 *10 = 35 m?olarak yapilmis, ekimle
birlikte tabana 25 kg da® 20-20-0 taban giibresi
uygulanmigtir. Arastirma parsellerinin timine homojen
bir cimlenme ve ¢ikisin saglanabilmesi igin ekim sonrasi
yagmurlama sulama yéntemi ile can suyu uygulanmistir.
Vegetatif doneminde bitki sira Gzeri 25 cm olarak
seyreltme yapilarak 8 kg da? %46'lik tre uUst glbre
atilarak konulu sulamalara baslaniimistir.

Her sulamadan O6nce belirlenen toprak su igerigi
degerleri ve esitlik 1 kullanilarak, toprak profilinin 90 cm
derinligindeki eksik nemi tarla kapasitesine getirecek
miktarda sulama suyu su saatinden gecirilerek olculi
olarak uygulanmistir (Kanber, 2002).

| = ch‘Qc E§ (1)
Burada;

Q. = Sulamadan 6nceki mevcut nem (mm)
Q. = Tarla kapasitesi (mm)

Bitki su tliketimi, su dengesi esitlig§ine dayanan “Nem
Azalma Yontemi” ile hesaplanmistir (Beyce ve
Madanoglu., 1978; James, 1988). Bitki su tlUketiminin
hesaplanmasinda kullanilacak su biitcesi esitligi asagida
verilmistir (Esitlik 2).

P =Yagis, mm

K = Kapilar yikselme, mm

D = Derine sizma, mm

R =Yizey akis, mm

AS = Toprak profilindeki nem kaybi, mm
ET = Bitki su tiiketimi, mm

Esitligin 6geleri ile ilgili olarak, | ve P degerleri 6lglilmds,
kapilar yikselme (K), asiri sulama yapilan konularda
derine sizma Olcllmedigi (D) ve parsel cevreleri
seddelerle kapatildigi icin ylizey akis (R) sifir kabul
edilmistir.

Bitkinin verim degerleri her parselde kenarlarda iki sira
ve parsel baslarinda birer metre kenar tesiri birakilarak,
Urdn hasat edilip parsel verimi dekara c¢evrilmis, hasat
anindaki nemi Ol¢lilmis ve 8% nem oranina gore
hesaplanmistir. Verim bilesenleri olarak bitki boyu, ilk
kapsil baglama yuksekligi, sap kalinligi, kapsiil sayisi, bin
dane agirligi degerleri her parselden rastgele secilen 10
bitki Gzerinde vyapilmis ve ortalama degerler
bulunmustur.

Bitkinin protein, yag orani ve yag asidi kompozisyonlari
numune alma ve analiz metotlari tebligine uygun olarak
enstitimuze bagl yag analiz laboratuvarinda yapilmistir.
Arastirma konulari arasindaki farkliliklar varyans analizi,
konu ortalamalarinin karsilagtiriimasi ise Duncan testi ile
yapilmistir (Yurtsever, 2011).

BULGULAR ve TARTISMA

Dane verimleri
Calisma sonucunda farkh su diizeylerinin susam verimi

Uzerine etkisi istatistiksel olarak % 99 glivenle 6nemli
bulunmustur. Verime iliskin varyans analizi sonugclari
Cizelge 3’de, Duncan gruplandirmasi ise Cizelge 4’'de

ET = I+P+K-D-RzAS verilmistir.
Burada; Es (2)
| =Sulama suyu, mm
Cizelge 3. Verime iligkin varyans analiz sonuglari
Kaynaklar S.D. Kareler Top. Kareler Ort. Hesap F Prob > F
Tekerriir 2 765.017 382.5085 3.3371 0.0615
Konu 8 52316.573 6539.5716 57.0534 <.0001
Hata 16 1833.953 114.622
Toplam 26 54915.543 <.0001
Cizelge 4. Farkl su diizeylerinin susam verimi izerine etkisi (kg da)
Konular 51 Sz 53 54 Ss Se S7 Ss Sg
Verim 112 129 192 117 192 198 177 253 204
Gruplar d d bc d bc b C a b
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Cizelge 4’de goriildugii gibi ortalamalara bakildiginda en gorilmektedir. S;, S; ve Si konularinin ayni verim
yiksek susam verimi Sg (tam su) konusunda (253 kg da™l) gruplarinda olmasi tek bir gelisme déneminde yapilan
elde edilmis bu sirayi Sy (204 kg da™), Se (198 kg da™), Ss sulamalarin verimde bagimsiz olarak diisme meydana
(192 kg da?), Ss (192 kg dal),S7 (177 kg da) ve S, (129 kg getirdigini ortaya koymaktadir. Susam bitkisinin suya en
da!) konusu takip etmistir. En diisiik verim ise yagisa hassas oldugu doénem olarak belirtilen ciceklenme
bagh (susuz) konuda (112 kg da™') elde edilmistir. Susam doéneminde yapilan sulamalarin verimi en fazla etkileyen
Uretimine sulama zamanlarinin degiskenligi verim doénem oldugu belirlenmistir.

Uzerinde onemli kayiplar olusturmustur. Suya hassas

oldugu doénemlerde tam sulama yapilan Ss parseline Yetisme dénemlerine gére uygulanan su miktari
uygulanan tam su konusundan alinan verim ile S, Sz, Sa Bliyime mevsimi boyunca deneme konularina
ve Sy konularindan elde edilen verim degerleri arasindaki uygulanan sulama suyu miktarlari Cizelge 5'de
farklar biylik olurken, Ss, Sg¢ ve So konulari arasindaki gortlmektedir. Cizelgeden izlenecegi gibi uygulanan
verim farklari daha kiiglik olmustur. sulama suyu miktarlari  146-482 mm arasinda
Dane verimlerinin hangi deneme konularinda farkhhk degismektedir. Ekim ve hasat tarihleri arasinda diisen
gosterdigini saptamak amaciyla yapilan Duncan testi yagislarin toplami 40,3 mm olarak oOlcllmis ve bu
sonuglari incelendiginde 4 verim grubunun olustugu yagislarin tamami etkili yagis olarak kabul edilmistir.

Cizelge 5. Arastirma konularina uygulanan sulama suyu miktarlari (mm)

KONULAR

S Sz Ss Sa Ss Se Sy Ss So

43 180 146 181 307 354 326 482 242
Bitki su tiiketimi degerleri iliskin mevsimlik bitki su tliketimi degerleri Cizelge 6'da
Arastirma sonucunda farkli zamanlarda yapilan verilmistir. Yagisa bagh yetistirilen S; kontrol parseline
sulamalara ait mevsimlik bitki su tlketim degerleri iliskin mevsimlik bitki su tiiketimi 146.3 mm, fenolojik
146,3-628,3 mm arasinda degisiklik gostermektedir. Bitki gozlemlere gore Ug¢ kez tam sulamanin yapildigl Ss
gelisim dénemlerinde yapilan su uygulamali konularina konusunda ise 628.3 mm olarak Olg¢tlmustdr.

Cizelge 6. Arastirma konularina iliskin mevsimlik bitki su tiiketimi degerleri (mm)

KONULAR
S Sz Ss Sa Ss Se Sy Ss So
146.3 326.3 292.3 327.3 453.3 500.3 472.3 628.3 388.3

Su verim iligkileri Sekil 1'de gorildiugi gibi sulama suyunun artisina paralel
Arastirmada, konulara uygulanan toplam sulama suyu olarak konularda birim suya karsilik gelen verim artisi
miktarlari ve elde edilen verim degerlerinden oldukg¢a yilksektir. Grafik incelendiginde maksimum
yararlanilarak sulama suyu-verim iliskisi ile bitki su verimin  628.3 mm sulama suyu uygulanan Sg
tuketimi-verim iliskisi regresyon analizleri ile arastiriimis konusundan 253 kg da?! olarak elde edildigi
ve korelasyon katsayisi esitligi elde edilmistir. Su-verim gorilmektedir. Sulama suyundan vyapilacak % 50
iliskisi denklemi asagida verilmistir. kisintinin (388.3 mm su uygulanmasi) verimi ¢ok az
Y =0.2719x + 68,102 diizeyde (%0.2) etkileyecegi gorilmektedir.
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Sekil 1. Mevsimlik bitki su tiketimi- verim iligkisi
Verim bilesenleri
Farkli sulama konularinin susam bitkisindeki verim

bilesenleri (bitki boyu, yan dal sayisi, ilk kapsil baglama

Cizelge 7. Arastirma konularina iliskin verim bilesenleri degerleri

yuksekligi, bitkide kapsil sayisi, sap kalinhgi, bin dane
agirhg) tizerine etkileri Cizelge 7'de verilmistir.

oy Bitki Yan Dal Bitki I!,k Kapsiil Bitki Kapsil o Bin Dane
Bitki Boyu Baglama Bitki sap -
Konular sayisi . - Sayisi . Agirhig
(cm) Yiksekligi Kalinhgi (cm)
(adet) (adet) (8)
(cm)
S 127e 3.90d 41.6ab 137e 1.01f 3.59d
Sz 184a 5.43ab 42.0ab 239b 1.48b 3.66cd
S3 147d 4.33d 39.3bc 134e 1.16def 3.72cd
Sa 140d 3.03f 35.1de 128e 1.07ef 3.87abc
Ss 160c 5.16bc 42.1a 188d 1.18de 3.67cd
Se 177ab 5.06bc 37.3cd 222c 1.64a 3.81bc
Sy 163 ¢ 3.80e 33.7e 182d 1.32cd 4.01ab
Ss 179ab 5.70a 36.6¢cd 295a 1.34bc 4.03a
So 173b 5.00c 36.8cd 231bc 1.34 bc 3.79cd
P %k %k %k %k %k %k %k %k %k %k %
cv 3.23 4.65 4.07 4.85 6.99 3.24
LSD 9.01 0.37 2.7 16.43 0.15 0.21

Cizelge 7 incelendiginde bitki boylarinin 127-184 cm
arasinda degistigi ve en yuksek bitki boyunun sadece
seyreltme déneminde su uygulanan S; konusunda 184
cm oldugu belirlenmistir. yan dal sayisinin  3-6 adet
arasinda degistigi en fazla yan dal sayisinin tam su
konusundan 5.7 adet, bitkide ilk kapsil baglama
ylksekliginin 35.1-42.1 cm arasinda degistigi en ylksek
ilk kapsll baglama yiksekliginin hem seyreltme hemde
ciceklenme doneminde uygulanan Ss konusundan 42.1
cm, bitkide kapsiil sayisinin 128-295 adet arasinda
degistigi en fazla bitkide kapsil sayisinintam su
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konusundan 295 adet, bitki sap kalinliginin 1.01-1.64 cm
arasinda degistigi en fazla sap kalinhiginin hem
ciceklenme hemde kapsil baglama déneminde su
uygulanan Sg konusunda 1.64 cm oldugu gortlmektedir.
Seyretme doéneminde sulama yapilan konularda
(S2,Ss,S6,5s,S9) bitki boyu, yan dal sayisi, bitkide kapsiil
sayisl, bitki sap kalinligi 6zelliklerini artirdigini, bunun
yani sira ilk kapsil baglama yiksekligini distrdugi
gorilmastir. Verimin en dnemli bilesimlerinden biri olan
bin dane agirliginin ise sulama konularina gore 3.59-4.03
g arasinda degistigi en ylksek bin dane agirliginin tam su
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konusundan 4.03 goldugu belirlenmisitr. Kapsil baglama
doneminde uygulanan sulamalarin (Ss,Ss, S7,5s,Ss) bin
dane agirhgini artirdigi belirlenmistir.

Protein, yag ve yad asitleri orani (%)

Her uygulamaya ait protein, yag orani ve yag asitleri
(palmitik, stearik, oleik, linoleik asit) degeri NIR cihazi
yardimiyla % olarak okunmustur.Gelisim dénemlerine
gore yapilan sulamalarin protein, yag ve yag asitleri
bilesenlerine istatiki olarak fark olusturmadig
belirlenmistir. Calisma sonucunda degerlerin protein
%24.3-%27.7, yag %53.1-%55.9 arasinda degistigi
belirlenmistir. Susam  bitkisinin ortalama protein
iceriginin %25, yag iceriginin %50-60 arasinda degistigi
bildirilmektedir (Tan, 2012). Calismamizin sonuglari Tan
2012'nin  yaptigi calisma sonuglari ile paralellik
gostermektedir.

isler (2018) tarafindan susam bitkisinin 100 gr'inda yag
asitleri degerlerinin palmitik asit 2.56 g-5.14 g, stearik
asit 1.18 g- 3.28 g, oleik asit 11.48 g-28.45 g, linoleik asit
12.3 gr-27.9 g arasinda degistigini bildirmistir.
Calismamizda yag asitlerinin degisimi incelendiginde
palmitik asit %9.19-%9.66, stearik asit %4.76-%5.15,
oleik asit %39.4-%41.7, linoleik asit %40.9-%44.3
arasinda degistigi gortlmektedir.

Farkli gelisme donemlerinde uygulanan sulamalarin
ikinci Girin susamda verim ve verim komponentleri ile
urun kalitesi lizerine etkilerinin belirlemek amaciyla
yapilan deneme sonuglari degerlendirildiginde 3
sulamanin (seyreltme, ciceklenme ve kapsil baglama
dénemi) uygulandigi konuda en yiiksek verim degerine
253 kg da* olarak ulasilmstir.

Buna gore; yuksek verime ulasmak agisindan ikinci Griin
susama seyreltme, ciceklenme ve kapsil baglama
donemi olacak sekilde eksik nemi tarla kapasitesine
ulasincaya kadar yapilan ¢ sulama 6nerilmektedir.
Donemsel kesintilerin yasandigi durumlarda ise sadece
ciceklenme devresinde bir su veya hem ciceklenme hem
de kapsil baglama donemlerinde uygulanan iki su
verimde cok biyik kayip olusturmamaktadir. D6nemsel
su kesintilerinin  yasandigi  durumlarda sadece
ciceklenme doéneminde bir kez su uygulamasinin
yapilmasi 6nerilmektedir.

Ancak elde edilebilecek marjinal gelir ve dolayisiyla
marjinal karliik agisindan uygulanan sulama suyu
miktarinin yariya indirilmesi 6zellikle sulama suyunun kit
oldugu durumlar dikkate alindiginda, ikinci {rlin susam
yetistiriciliginde az su ile verim kaybinin 6nemli diizeyde
olmamasi blyiik 6nem tasimaktadir. Kit su kaynaklarinin
oldugu durumlarda her ti¢ gelisim déneminde de sulama
yapllmasi ancak su miktarini yariya indirilmesi veya
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sadece ciceklenme doneminde bir kez su uygulamasinin
yapilmasi 6nerilir.

OZET

Amag: Calisma, Cukurova kosullarinda 2.0riin susamin
farkh gelisim donemlerinde yapilan sulamalarin susam
verimine ve vyag kalitesine etkilerinin belirlenmesi
amaciyla 2015 yilinda Dogu Akdeniz Tarimsal Arastirma
Enstitisi deneme alaninda tesadif bloklari deneme
deseninde yuritilmustar.

Yontemler ve Bulgular: Denemede, bitki gelisim
donemlerine gore dokuz farkh sulama konusu ele
alinmistir. Konulu sulamalara seyreltme déneminde
baslanmis ve ciceklenme-kapsil baglama donemlerinde
devam edilmistir. Deneme sonucunda mevsimlik bitki su
tlketim degerleri 146.3-628.3 mm, verim 112-253 kg da-
! olarak degismistir. Farkli sulama konularinin susam
bitkisindeki verim Uzerine etkileri incelendiginde; bitki
boyunun 127-184 cm, yan dal sayisinin 3.05-5.43 adet
bitki?, ilk kapsil baglama yiiksekligi 33.7-42.1cm, kapsiil
sayisi 128-295 adet bitki?, sap kalinlig1 1.01-1.64 cm, bin
dane agirhgi 3.59-4.03 g olarak degistigi gorilmektedir.
Farkl sulama konularinin susam bitkisindeki protein, yag
ve yag asitleri orani Uzerine etkileri incelendiginde;
protein oranlari 24.3%-27.7%, yag oranlari 53.1%-55.9%
olarak belirlenmistir. Yag asit degisimleri ise palmitik asit
9.19%-9.66%, stearik asit 4.76%-5.15%, oleik asit 39.4%-
41.7%, linoleik asit 40.9%-44.3% arasinda degismistir.
Genel Yorum: Genel olarak en diislik verim susuz konuda
belirlenirken, sulamanin verim ve verim bilesenlerine
etkisi istatistiksel olarak 6nemli bulunurken, yag ve yag
asitleri  degerleri  istatistiksel olarak  6nemsiz
bulunmustur.

Calismanin Onemi ve Etkisi: Kit olan su kaynaklarinin
korunmasi amaciyla ikinci triin susamin verim ve kalite
Ozellikleri dikkate alinarak sulamaya en hassas dénemini
belirlenmistir.

Anahtar Kelimeler: Susam, kisith sulama, verim, kalite
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Aims: Deficit irrigation might be a remedy to increase water use efficiency
in water scarce areas albeit it may cause to: a) increase salt accumulation
in the root-zone, b) decrease crop yield. Therefore, monitoring and
assessment of salt accumulation in the root-zone is necessary in deficit
irrigation practices. Primary objectives of this work were to: a) assess salt
accumulation in the root-zone of tomato crop irrigated with conventional
deficit irrigation (DI-50) through using ordinary kriging interpolation
technique, and b) compare it with full irrigation (Fl) treatment.

Methods and Results: To this end, soil electrical conductivity (EC in dS m-
1) measurements were conducted under emitters, between emitters and
plant, and under plant on right and left side of root-zone by using an EC
probe. In order to assess spatial and temporal changes of salt
accumulation in the root-zone of tomato crop, EC lectures were done: a)
at the beginning crop growth stage, b) in the middle, and c) at the end of
growing season. In order to generate salinity maps in the root-zone,
geostatistical interpolation techniques have been utilized. Geostatistical
analysis has been realized by using “Jeostat-2017” software. Geostatistical
analysis results indicated that the most suitable theoretical semivariogram
model to the experimental semivariogram was Gaussian and/or Spherical
model. Cross validation analysis revealed that kriging interpolation errors
were fitted to the normal distribution, indicating that theoretical
semivariogram model and its parameters as well as kriging search
parameters are representative for the study site. Kriging errors helped us
to evaluate efficiency of sampling design for salinity assessment.
Conclusions: In this regard, results showed that salt accumulation was
concentrated in the root-zone just beneath the plant. This finding can be
explained by the heavy texture of soil, which obstructs the leaching
operation also by the high root density of tomato under this profile. Soil
salinity maps reveal that salt accumulation in the root-zone gets more and
more as the growing stage progress.

Significance and Impact of the Study: Deficit irrigation treatment reduce
the amount of total salt accumulated in the root zone compared with the
full irrigation treatment due to the fact that the amount of water applied
with deficit irrigation is half of the full treatment, hence salt accumulation.

Atif / Citation: Ghannem A, Ben Aissa |, Cetin M, Majdoub M (2019) Assessing salt accumulation in the root zone of tomato
plant through using ordinary kriging interpolation technique under deficit irrigation regime. MKU. Tar. Bil.

Derg. 24 (Ozel Sayi) :120-127



mailto:amalghannem50@gmail.com
https://orcid.org/0000-0002-4315-0469
https://orcid.org/0000-0002-8990-7746
https://orcid.org/0000-0001-5751-0958
https://orcid.org/0000-0003-1661-2207

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(0zel Sayi): 120-127

Arastirma Makalesi / Research Article

INTRODUCTION

Salinization of soil and water resources jeopardize food
security as well as regular societal advancements.
Among these, soil salinity in semi-arid regions -where
crop water requirements are augmented by irrigation
supplies- is a major concern for the sustainability of
irrigated agriculture (Letey et al., 2011). Salinization
occurs inevitably because all irrigation waters contain
more or less salt. Crops take up nearly pure water for
transpiration (nutrients and some specific salts are taken
up by the roots) and therefore salts remain behind and
concentrate in the root zone (Handson et al., 2009). The
evaporation of water from the soil surface is another
cause of salinization (Karlberg & de Vries, 2004) as pure
water is evaporated, salts are left behind. Decreasing
irrigation water requirement through the use of new
irrigation technologies is of utmost importance in water-
scarce regions. Among the likely problems which may
degrade soil fertility, soil salinity most commonly
develops under mismanaged irrigation schemes and it
may cause permanent loss of soil fertility if timely
corrective measures are not taken (Burt el al., 2009).
Salinity development in the root zone may be visually
delineated by generating salinity maps. In this regard, a
number of spatial interpolation methods have been
developed for mapping purposes. Prominent among
these ones are different versions of geostatistical
techniques such as simple kriging, ordinary kriging,
universal kriging, etc. Hence, there are a large number of
studies which apply geostatistical techniques to natural
resource distributions (Vanderborght et al.,, 2007).
Geostatistical tools such as variogram modeling and
kriging have also been need for environmental
applications and agriculture application (Amezketa et al.,
2007; Aragués et al., 2011) to monitor soil quality and its
affects by irrigation water quality. Primary objectives of
this work were to: a) assess salt accumulation in the
root-zone of tomato crop -irrigated with conventional
deficit irrigation (DI-50) which targets at supplying 50%
of total crop water requirement- through using ordinary
kriging interpolation technique, and b) compare it with
full irrigation (FI) treatment, which targets at providing
100% of crop water requirement. The results were
discussed in view of whether the salt accumulation
would reach to plant salt tolerance threshold levels.

MATERIALS and METHODS
Characteristics of Study Area and Experimentation

The study was carried out under greenhouse conditions
(9mx44m) at the experimental station of Researches
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Regional Center on Horticultural and Organic Agriculture
of Chott-Mariem, Sousse, Tunisia (Latitude:35°55'16.36"
N, Longitude:10°34'09.49" E). Chott-Mariem belongs to
the Sahel of Tunisian governorate of Sousse, limited to
the north by Hergla, in south by Hammam Sousse, in east
by the Mediterranean Sea and on west by Akouda. Study
area is characterized by a semi-arid climate. Average
temperature in summer is approximately 25°C, and
average temperature in winter is about 12.5°C, observed
during December and January. The average annual
rainfall is about 410 mm. The relative humidity increases
during winter months and reaches at 75%. In addition,
the wind speed ranges between 10-15 km/h (Sayari et al.
2016).

Experiment was conducted from January to June 2018.
Seeds of the processing tomato “Sehli” were sown on 15
December 2017. Forty days after seeding, uniform plants
were transplanted into 8 rows with 3 replicates per row.
The ground was covered by a black plastic mulching for
diminishing the evaporation of water from soil surface
and fight against adventitious weed development,
diseases and pests.

The experimental soil in the greenhouse is "sandy-clay"
composed with 28% of clay, 5% of silt and 68% of sand.
Initial electrical conductivity "EC", the organic matter
content and the pH are in the order of 1.25 dS m™, 2.1%
and 7.8, respectively. The apparent field capacity "OFC"
and permanent wilting point "OPWP" are 32% and 15%,
respectively. Soil bulk density for 0-20 cm, 20-40 cm, 40-
60 cm and 60-80 cm depths were 1.36, 1.48, 1.65 and
1.82 g cm?, respectively. A drip irrigation system with
laterals laid down along the rows was used for irrigation.
The two laterals with drippers of 4 /h? flow rate and
spaced at 1 m were arranged in a such way that one
dripper centered between the two plants, but installed
alternately on the separate laterals.

Water requirements of greenhouse’s tomato were
estimated by using evapotranspiration of the culture
"ETc" calculated according to the Eq. 1 of Allen (2003);
ETc = KcxETo (Eg. 1)
Soil Salinity Samples

Soil electrical conductivity (EC in dS m) measurements
were recorded by using EC probe, which provides EC
values at different soil depths with 0, 5, 10, 20, 30 and
50 cm under emitters, between emitters and plant, and
under plant on right and left side of root-zone with three
replications per measurement. EC lectures, based on the
sampling scheme given in the Fig 1, were recorded
directly after irrigation to get the right measures.
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G1

Plant root—}—

Fig 1. Soil sampling points with reference to crop and emitters (G1 and G2)

Mapping Spatial And Temporal Variability Of Soil
Salinity

By using Surfer®, which is considered a useful tool to
create, manipulate and display the spatial data, maps of
EC development under full (FI) and deficit (DI-50)
irrigation regimes have been prepared in the rooting
depth of tomato plant. Concerning the mapping
procedure, the point themes were generated through
the use of geo-referenced EC readings. The Jeostat®-
2017 (Mert & Dag, 2017) software was used in
semivariogram modeling and ordinary kriging
interpolation of EC data. The software also enables the
user to make cross-validation tests for the fitted
theoretical semivariogram models. Furthermore,
numerical values of any point in the map can be
controlled by using text boxes, so it allows the kriging
interpolation technique in assessing, predicting and
mapping soil salinity.

In order to generate EC maps in the Surfer, geostatistical
analysis and estimations were made by using Jeostat®,
and estimated data were then transferred to Surfer’s
mapping platform. In line with this target, sequential
geostatistical analyses were done as the following:

a) Experimental and theoretical semivariogram
analysis,

b) Gridding study area for kriging estimations,

c) Kriging estimations at the grid nodes and

generating maps.

Basics of Geostatistical Estimations

The semivariogram is a plot of semivariances, denoted
by vy(h), as a function of distances between the
observations (Cressie, 1991). In order to plot
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experimental semivariogram, firstly, maximum number
of sample pairs, consisting of N(N-1)/2, are formed from
the N observations (Cetin & Kirda, 2003) and Euclidean
distances (%;;) and direction angle (a) between pairs are
calculated by the following Eq. 2 and Eq. 3.

by = |u — | = J(Xi - x)" + (i - v) (Ea.2)

arctangent (u)

i~ Xj

o (Eq. 3)

where; u; and u; are observation locations; x; and y; are
easting and northing, respectively, i.e. metric
coordinates of the sampling locations. Secondly,
observation pairs are classified based on distances
between pairs and direction angles. The semivariance
values for each pair with h; distances are calculated by
using Equation 4 (Clark ve Harper, 2000; Cetin ve Kirda,
2003).

V() = 3y Bt [0 = 20 + WI(E. 9

Where; z(x;) is an observed value at a particular location
of x;, and N(h;) is total number of pairs separated by h;
distance vector (Fortin, 1999). Finally, the calculated
semivariance values are plotted against the h;; distances
and experimental semivariogram graph is obtained.
Then, the user examines visually the graph so as to
determine the likely theoretical semivariogram model
and its parameters for kriging estimations. In this regard,
theoretical model parameters consisting of nugget
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(unaccountable) variance [Co] and stochastic
(accountable) variance [C4], sill value (total variance) [C=
Co + Ci], range of influence [R or a] are determined
accordingly (Cetin et al., 2003). In this study, adopted
theoretical semivariogram model and its parameters are
used interactively in the Jeostat program to estimate
unknown values of soil salinity (EC) at unsampled
locations. In another saying, ordinary kriging technique
explained well enough in Webster et al. (2001) was used
as a best linear unbiased estimator in the present study.

RESULTS and DISCUSSION

Exploratory data analysis of soil salinity (EC)
Descriptive statistics of soil salinity, EC in dSm?,
obtained from EC probe for the treatments of full (FI)
and conventionally deficit (DI-50) irrigation practices.
Results showed both temporal and spatial variability
between different treatments. EC values increased from
first stage to the third one for both treatments. As it is
seen in Table 1, soil salinity ranged from 1.43 to
5.01 dSm™, and from 1.45 to 4.22 dS m™ for Fl and DI,
respectively. Descriptive statistical analysis results
showed that soil salinity accumulation under DI regime
is less than FI.

The values of kurtosis and skewness are not high for all
the treatments. However, it might be concluded that
data were characterized by a left skewed distribution
albeit the skewness is low in comparison with the value
of normal distribution that is equal to zero. On the other
hand, Table 1 is far from giving any indication on how the
salinity varies spatially in the rooting depth of tomato
crop. Therefore, spatial behavior of the data might be
exerted by geostatistical analysis, in particular
experimental semivariogram analysis and mapping.

Semivariogram Analysis Results
It is not crucial to have a normal distribution for kriging,
except for if one plans to use the kriging standard

deviation to create confidence intervals of the estimated
value. In this study, no-transformation was made to
make salinity data normal. Hence, the semivariogram
analysis was carried out directly on the observed (raw)
data by using Jeostat-2017 software. In a geostatistical
study, finding out the theoretical semivariogram model
and its parameters are among the staple objectives. Fig.
2 depicts experimental semivariograms for the two
irrigation treatments with three-replication and
theoretical semivariogram types fitted to the
experimental ones.

It is clear from Fig 2 that there is no masking effect on
the spatial structure of the data regardless of type of the
experiment. Table 2 shows theoretical semivariogram
models and their parameters determined.

Directional experimental semivariogram graphs of each
variable revealed neither zonal nor geometric
anisotropy. Therefore, omnidirectional semivariograms
were given in Fig. 2. All the experimental semivariograms
were found to be bounded with the sill value, which
indicates stationarity in soil salinity, fluctuating more or
less around sample variance (Fig. 2 and Table 2).

Visual examination of experimental semivariograms
suggested that the theoretical Gaussian and spherical
models are in good agreement with the data. The
theoretical model was plotted on the experimental ones.
Except for the theoretical model of FI2, all the theoretical
models for the treatments and replications resulted in
no nugget effect component (Table 2).

As pointed out by Myers (1997), the larger the nugget
effect the model has, the more it dampens the
decluttering effect of kriging interpolation technique. In
addition, the sill value of the theoretical models of each
variable was found to be the very close to the variance
of the variable. In conclusion, semivariogram analysis
results revealed that sampling design is reasonable
and/or consistent, and the distance between samples is
small enough to determine the spatial dependence
structure of the salinity data.

Table 1. Descriptive statistics of EC data (dS m™) from two treatments with three replications

Statistics FI1 FI2 FI3 DI1 DI2 DI3
Mean 0.79 2.81 2.95 0.82 2.89 2.73
Standard Deviation 0.29 0.97 0.97 0.27 0.65 0.73
Median 0.77 3.03 3.08 0.81 2.95 2.81
Variance 0.09 0.95 0.94 0.07 0.42 0.53
Skewness 0.35 -0.33 -0.53 0.55 -0.2 -0.28
Kurtosis -0.63 -0.17 -0.05 -0.47 0.49 -0.001
Maximum 1.43 492 5.01 1.45 4.02 4.22
Minimum 0.3 1.05 1.09 0.41 1.1 1.23
Range 1.13 3.87 3.92 1.04 2.92 2.99
Coefficient of variation 0.37 0.35 0.33 0.34 0.22 0.26
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Fig. 2. Experimental and theoretical semivariograms of a) FI1, b) FI2, c) FI3, d) DI1, e) DI2, f) DI3
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Table 2. Theoretical semivariogram models and respective parameters of treatments

Treatment Model Nugget Effect (Co) Sill (€) Range (a, cm)
FI1 Gaussian 0 0.104 11.5
FI2 Gaussian 0.38 0.625 7.4
FI3 Gaussian 0 1.155 6.1
DI1 Gaussian 0 0.503 234
DI2 Spherical 0 0.174 43.7
DI3 Gaussian 0 0.464 15.5
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Fig 3. Probability plot of standard errors of kriging estimates with some statistics and Anderson-Darling (AD)
goodness-of-fit test results

Cross validation analysis is necessary in order to decide
that  theoretical  semivariogram models are
representative for the variable being analyzed. To this
end, kriging interpolation errors were standardized and
then tried to fit to the normal distribution as seen in
Figure 3.

Anderson-Darling (AD) goodness of fit statistics
indicated that theoretical semivariogram model and its
parameters as well as kriging search parameters are
representative for the study site. In fact, the probability
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plot of kriging estimation errors, i.e. Zscores (ZSC in
Figure 3), of all the treatments, except for DI3 treatment,
highlighted a normal distribution (probability of
AD>>5%) of Zscores and produced the most favorable
results. The higher the P-Value of AD statistics, the closer
are the observed frequencies to the theoretical normal
distribution line. Type of probability distribution model
of kriging errors is important to calculate confidence
limits for the kriging estimates.
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Mapping

In the study area, grid nodes of 560 points, i.e. 28 along
easting and 20 along northing (depth), with 2.5 cm by 2.5
cm size, were established. The salinity values at the 560
grid nodes of each element were estimated by ordinary
kriging method by using Gaussian and spherical
semivariogram models and their parameters (Fig. 4). To
this end, kriging search parameters were incorporated
with semivariogram models, too.

Fig. 4 shows the EC distribution in the root zone by
treatments. EC showed spatial and temporal salt
accumulation process in the root-zone of tomato crop.
In this regard, results showed that salt accumulation was
concentrated in the root-zone just beneath the plant.
This finding can be explained by the heavy texture of soil,
which obstructs the leaching operation also by the high
root density of tomato under this profile. Moreover
deficit irrigation treatment reduce the amount of total
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Fig. 4. Salt accumulation and distribution pattern under irrigation treatments in progress of time: At the stage of
planting (Fl(a), DI(d)), fruiting (FI(b), DI(e)), end season (Fl(c), DI(f))

salt accumulated in the root zone compared with the full
irrigation treatment due to the fact that the amount of
water applied with deficit irrigation is half of the full
treatment. Accordingly, salt accumulation in the root
zone is less under deficient irrigation practice, compared
to the full irrigation. Salinity distribution pattern in the
root zone was found to be in accord with the findings by
Kaman et al. (2006).

Soil salinity maps reveal that salt accumulation in the
root-zone gets more and more as the growing stage
progress. As seen in Fig. 4a and 4d, salinity distribution
pattern in the root zone is more ore les the same in the
plots of Fl and DI treatments in the beginning. However,
while approaching to the fruiting stage, salinity
development started to differ with irrigation treatments,
resulting in favor of deficit irrigation practice (Figure 4b
and 4e). At the end of growing season, full irrigation
practice resulted in more salt accumulation in the root
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zone compared to the deficit irrigation, particularly
beneath the tomato stem at the depth of about 20 cm
(Fig. 4c for FI, 4f for DI).

CONCLUSION

The ordinary kriging interpolation technique under
different irrigation regimes was an efficient tool to
assess salt accumulation in the root zone of tomato
plant. In fact, visual assessment of salinity development
maps proved that putting the tomato plant in the middle
between the two emitters caused to accumulate more
salt under the plant, especially at the horizon 20-40 cm
due to the heavy texture of soil and the root
condensation. At the beginning, soil salinity distribution
pattern for both treatments was almost the same in the
root zone. In the course of time, EC in the soil profile was
higher under FI than DI. Consequently, our conclusion
was that salt accumulation in the root zone under deficit
irrigation applications was remarkably marginal
compared to the full irrigation practices.
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Determination of greenhouses and its insurance conditions damaging from natural
disasters occurred in districts of eastern Antalya region

Dogu Antalya bolgesinde bulunan ilgelerde meydana gelen dogal afetlerden zarar goren seralarin ve sigorta
durumlarinin belirlenmesi
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Makale tarihgesi / Article history: Aims: Antalya has a very suitable potential for greenhouse production due
Gelis tarihi /Received:09.10.2019 to its climatic structure and geographical location. However, the vast
Kabul tarihi/Accepted:16.12.2019 majority of this greenhouses have not statically projected. These

greenhouses were installed by untrained people who are not qualified
about the greenhouse more than the competent firms. In addition, these

Keywords: unqualified people used structurally insufficient constructions in the
Agricultural insurance, construction, hail installation stage in the vast majority of these greenhouses. At the same
damage, global warming, plant production time, Antalya is a region that can be seriously damaged climatically due to
structures. the fact that its geographical location. Therefore, the damage potential of

those greenhouses can be is high in any natural disaster. In this study, it
" Corresponding author: Kenan BUYUKTAS was aimed at the determination of greenhouses and its insurance
P<: kbuyuktas@akdeniz.edu.tr conditions damaging from natural disasters occurred in districts of the

eastern Antalya region.

Methods and Results: In this study, it was determined how the plant
production structures in the districts of East Antalya are affected by the
natural disasters such as hail, showers, storms, hurricanes, hoses and fire,
and how they were able to withstand or affected these climatic disasters.
In addition, it was determined whether the greenhouses damaged were
covered by agricultural or private insurance and if they were insured, how
much they benefited from this insurance. For this purpose, surveys were
carried out with the greenhouse owners in the districts located in the East
Antalya region. The results of the survey were evaluated with SPSS
software.

Conclusions: It has been determined how the disasters occurred in which
part of Antalya and how they affect the greenhouses in the area. At the
end of the study, the suitable greenhouse type (size, roof type, cover type
etc.) and construction sections for those regions were proposed.
Significance and Impact of the Study: It was determined that education
level, foundation, and basement status, profile type used in the
greenhouse were related to damage situations of greenhouses caused by
natural disasters.
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INTRODUCTION

The agricultural sector is of vital importance for people
living in a country to sustain their vital activities.
Adequate and balanced nutrition of the population of
the country will only be ensured by regular agricultural
production. In our country, a significant part of the
population lives in rural areas and provides with
agricultural production their livelihood. Therefore in our
country, for reducing all risk factors affecting agricultural
production, ensuring a regular agricultural production
and for the prevention of fluctuations in the income of
people living in rural areas Agricultural Insurance is a
very important need.

The agricultural sector is one of the sectors most
affected by natural and economic risks. Besides, the
agricultural sector is a sector needs to be supported both
economically and strategically throughout the world.
Therefore, this sector should be protected against all
risks to occur. Minimizing the effects of natural risks such
as heavy rainfall, hail, hurricane, hose, frost, drought in
the agricultural sector can only be achieved by applying
effective risk management in the agricultural sector.
Today, the most important and effective risk
management tool used for the agricultural sector in the
world is “Agricultural Insurance”. Agricultural Insurance
is a security system that compensates the losses
occurred due to risks and uncertainties in agriculture
(Kirkbesoglu, 2015). In Turkey, In order to be guaranteed
the risks threatening the agricultural sector in 2005
within the scope of Law No. 5363 dated 14.06.2005
"Agricultural Insurance Act" has been enacted. Within
the scope of this law, an insurance pool was established
for the purpose of compensating damages in agricultural
production from a single center and developing and
extending agricultural insurances. In order to carry out
all the works and transactions related to this pool by a
company in which the insurance companies participating
in this pool have equal shares, the Agricultural Insurance
Pool Management Inc. (TARSIM) was created (Cipil,
2008; Sumer and Polat, 2016). Mostly, agricultural
structures are considered as buildings cheap and
uncomfortable only with sufficient width. However,
when planning agricultural structures, first of all, it
should be remembered that the material to be sheltered
is living material and the building should be planned
according to the living species. For this reason,
agricultural production structures should be designed in
accordance with the purpose of construction like other
structures and should be built to long last and durable in
accordance with the standards (Buyuktas et al., 2016).
For plant production, greenhouses are used which are
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defined as structural elements capable of providing the
necessary development factors throughout the year and
capable of the workable inside (Ustiin and Baytorun,
2003). Greenhouses should be constructed in
accordance with the climatic conditions of the region
and provide the necessary environmental conditions for
plant development (Baudion and Zabeltitz, 2002). In
Turkey, greenhouses are often built without taking into
account local conditions and without static and strength
calculations. Therefore either more or fewer
construction materials than necessary are used. If more
materials are used than necessary the shading rate in the
greenhouse increases and if less material is used the
collapse occurs in bad weather conditions (Ustiin and
Baytorun, 2003).

Antalya is a vulnerable region to serious damage
because of the surrounded by the Mediterranean Sea in
the south and the Taurus Mountains extending parallel
in the north. In addition, it is a place where greenhouse
cultivation is intense due to the favorable climatic
conditions. In this study, it was determined that the
number of plant production structures damaged by the
natural disasters in Eastern Antalya in recent years. In
addition, it was found out that whether these structures
are covered by agriculture and/or private insurance, if
they are covered by insurance, how much they benefit
from this insurance. In addition, the technical and
structural features of the plant production structures
damaged due to natural disasters and the causes of
damage were determined.

MATERIALS and METHODS

The study was conducted in Antalya and its some
districts. High tunnels and greenhouses damaged by
natural disasters in Central and Eastern Antalya where
the plant production is intense were used as material.
For this purpose, the enterprises which were damaged
according to data obtained from Antalya Directorate of
Provincial Agriculture and Foresty and District
Directorate of Agriculture and Foresty were determined.
The climatic events data that caused the damage were
taken from Antalya Meteorology Regional Directorate.
Data on whether damaged greenhouses are agricultural
or private insured were obtained from Antalya Provincial
Directorate of Agriculture and Forestry, TARSIM Antalya
Regional Directorate and other insurance companies
that work with TARSIM (Agricultural Insurance Pool).

In this study, a survey was conducted with the damaged
greenhouse owners in order to determine the damages
of the disasters caused by climatic events in the
agricultural sector. In the selection of the surveyed
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enterprises, Stratified Sampling (Neyman) Method” was
used in order to increase the accuracy of the findings to
be obtained with the information collected from the
enterprises. Stratified sampling is a classical survey
sampling technique, which is used to estimate
population parameters efficiently when there is
substantial variability between subpopulations (Cochran
1977; Neyman 1934). The number of sample enterprises
to be surveyed with Stratified Sampling Method was
calculated with the help of Eq. 1 and Eqg. 2 (Cicek and
Erkan 1996; Karagdlge and Peker 2002).

N.Y (Nh.Sh?)

n= o+ Y (Nh.sh?) (Eq. 1)

2
D2= < (Eq. 2)
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Where the n is sample volume/size, N is number of units
in the population, Nh is number of units in h layer, Sh is
standart deviation in h layer, Sh? is variance in h layer, d
is the allowed error amount in the population mean or
difference between the sample mean and the
population mean, which is taken as 5%, z is the z value in
the standard normal distribution table (95% distribution
table) according to this margin of error.

At the end of the study, statistical analysis of the data
obtained from the measurements, observations, and
surveys were evaluated with SPSS software. The results
of the survey were statistically analyzed in SPSS package
program according to Pearson Chi-Square test method.
The number of disasters such as hail, storms, hose and
flood causing damage to the greenhouse structures in
the research area are given in Fig. 1-4.
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Figure 1. Amount of greenhouse damaged by hail according to years
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Figure 2. Amount of greenhouse damaged by storm according to years
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Figure 4. Amount of greenhouse damaged by flood according to years

RESULTS and DISCUSSION

The results obtained in this study are given as graphs.
The educational status of the owners is given in the
Figure 5. As can be seen in the figure, 80% of greenhouse
owners of the respondents in the sample are primary
school graduates, 8% are secondary school graduates,
5% are high school graduates, 7% are bachelor degree.
In the study, 98% of the surveyed owners are farmers
and 2% are agricultural engineers. In most of the
enterprises, while the greenhouse cultivation is carried
out by people who do not have any knowledge and
training about plant cultivation and only 1 of them is
carried out by experts. When the ownership status of the
greenhouses is examined, it is determined that 95% is
owned by the owner and 5% is a shareholder by the
owner and someone else. According to the results of the
survey, almost all greenhouses are owned by the
owners.

The building years of the greenhouses damaged by
disasters are given in the Figure 6. As can be seen in
Figure 6, 40% of greenhouses were made before 2010
and 60% were made during and after 2010, the years
covered by the survey. It was determined that 2% of the
greenhouses damaged by disasters were damaged
between 1990 and 2000, 10% were damaged between
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2001 and 2010 and 88% were damaged in 2011 and
after.
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Figure 5. Educational status of greenhouse owners

L m o Wl

1980-1990 1991-2000 2001-2010 2011-

Greenhou ses damaged by
disasters (%)

Building years of greenhouses

Figure 6. Building years of the damaged greenhouses
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Figure 7. Foundation status of the greenhouses

The foundation types used in greenhouses are given in
the Figure 7. It has been determined that 50% of the
greenhouses damaged by disasters have a individual
footing and 45% have spread footing. Owners has been
stated that in the remaining 5% has no foundation. In
addition, it was determined that while 68% of the
surveyed greenhouses had a basement, 32% had not got.
Heavy rainfall and storm are common in the research
area. Besides, there is no basement one of in every three
greenhouses examined. This may cause greenhouses to
be damaged more easily than natural disasters.
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Figure 8. Distribution of construction materials used in
the greenhouse
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Figure 9. Types of damaged greenhouse cover material

In the study, it was determined that 2% of the
construction materials used in the greenhouses were
steel (box profile), 58% were steel (round profile) and
40% were iron profile (Figure 8). When the elements that
joining construction elements used in greenhouses are
examined, it was determined that 5% of the metal
elements used in the greenhouse were combined with
rivets, 18% with bolts, 65% with welding, 10% with bolts
and welds, and 2% with both rivets, bolts and welds.
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Almost half of the damaged greenhouses have been
observed to be welded greenhouses.

Greenhouse cover material types examined in the study
are given in Figure 9. 2% of the cover materials of
damaged greenhouses are PE UV, 73% are PE UV + IR +
AF and 25% are glass. In addition, the service life of the
cover material of the greenhouses examined was
determined to be 24 months in 7% of the greenhouses,
36 months in 70% and 60 months in 23%. It was also
determined that 10% of the greenhouses are in the east-
west direction and 90% in the north-south direction.
Besides, 32% of the greenhouse roof types are gable
roofs, 3% are venlo roofs, 62% are arc roofs and 3% are
gothic roofs. It was determined that the majority (65%)
of the greenhouses damaged by disasters were plastic
covered greenhouses. Glass-covered greenhouses are
more resistant to disasters.
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Figure 10. Disaster types that damage the greenhouses
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Figure 11. The renewal requirements of greenhouses

It was determined that 2% of the greenhouse building
elements of the greenhouses damaged by disasters had
no corrosion, 92% had less, and the remaining 7% had
too much corrosion. Corrosion in the carrier
construction of 99% of the greenhouses caused a cross-
section shrinkage. This may have caused to decrease in
resistance of the greenhouse skeleton system to the
storm and the destruction of greenhouses more quickly.
According to the greenhouse owners, the renewal
requirements of the greenhouses are given in Figure 11.
Accordingly, it was stated that 57% of the greenhouses
did not need to be renewed, 38% needed partial renewal
and 5% needed complete renewal.


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(Ozel Say): 128-134

Arastirma Makalesi / Research Article

Amount of greenhouses (%)

LI_L

Others

Corrosion in
metal material

Ventilation  Cover material

Reasons for complaints by business owners

Figure 12. Cases where business owners complain in
greenhouses

In the study, 8% of the surveyed owners reported that
they have complaints from ventilation, 55% from cover
material, and 3% from metal corrosion. The remaining
32% reported that they have complaints from other
reasons (Figure 12).
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Figure 13. Support, grant and credit usage status of the
greenhouses
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Figure 14. Compensating situation formed in
greenhouses as a result of natural disasters

The status of enterprises to receive loans, support or
grants is shown in Figure 13. It is determined that 82% of
enterprise owners have built their greenhouses with
their own money, 15% by taking loans from the bank and
3% by benefiting from the grant. The majority of
greenhouses damaged by disasters are greenhouses
built by the owner's sources. It was observed that the
greenhouses receiving grants and support from the state
suffered less damage. Besides, while 43% of the
greenhouses damaged by the disaster had no
agricultural insurance and 57% of greenhouses had
agricultural insurance. Figure 14 shows the ways in
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which greenhouse owners can compensate for damages
in greenhouses surveyed as a result of natural disasters.
According to the survey results, 40% of greenhouse
owners did not receive any support to repair their
greenhouses. Moreover, 33% of greenhouse owners
received support from the insurance company to repair
their damaged greenhouses and 4% from the state. The
remaining 23% stated that they had been compensated
their damage by other means.

CONCLUSION

According to the results of the survey, it was found out
that the damage situation of greenhouses from natural
disasters depends on the criteria such as education level,
foundation, and basement status, profile type used in
the greenhouse. Greenhouses build by blacksmiths who
are not experts in their work have no static plan and
project and they are more likely to be damaged in
natural disasters. In addition, the severity and types of
natural disaster have been significantly effective of
damage to greenhouses. It was understood that as the
education level increased, the insured status of the
greenhouses increased. Therefore, insurance the
greenhouses in the regions where natural disasters
occur frequently minimizes the damage to the farmer
families. This situation is an obligation that will not be
put at risk for the farmers whose only source of income
is agriculture.

OzZET

Amag: Antalya ili gerek iklimsel yapisi gerekse cografi
konumu geregi sera Uretimi icin olduk¢a uygun bir
potansiyele sahiptir. Ancak, bu seralarin buyik
¢ogunlugu statik agidan projelendirilmemis, yapisal
yonden yetersiz konstriiksiyon kullanilarak, yetkili
firmalardan daha ¢ok gelisi glzel egitimsiz ve isinin
uzmani olmayan kisilere yaptirilmis seralardir. Bununla
birlikte, Antalya cografi konumundan dolayl ciddi
anlamda iklimsel hasara acik bir bolgedir. Dolayisi ile
olusabilecek herhangi bir dogal afette zarar gérme
potansiyelleri ylksektir. Bu calisamada Dogu Antalya
bolgesinde bulunan ilcelerde meydana gelen dogal
afetlerden zarar goren seralarin ve sigorta durumlarinin
belirlenmesi amacglanmistir.

Yéntemler ve Bulgular: Bu calismada, Dogu Antalya
bolgesindeki ilcelerde bitkisel Uretim yapilarinin ilde
olusan dolu, saganak yagis, firtina, kasirga, hortum ve
yangin gibi dogal afetlerden nasil etkilendikleri, olusan
bu iklimsel afetlere karsi hangi oranda dayanabildikleri
ya da bu olaylardan nasil zarar gorduikleri belirlenmistir.
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Bunun yaninda, zarar gbren seralarin tarim veya Ozel
sigorta kapsaminda olup olmadiklari, eger sigortaliysa bu
sigortadan ne kadar yararlandiklari belirlenmistir. Bunun
icin Dogu Antalya bolgesinde bulunan ilgelerdeki sera
sahipleri ile anketler yapilmistir. Anket sonuglari SPSS
paket programi ile degerlendirilmistir.

Genel Yorum: Olusan afetlerin Antalya’nin hangi
bolgesinde hangi oranda etkili oldugu, o bolgedeki
orttaltiyapilarini nasil etkiledigi belirlenmis ve o bolgeler
icin uygun sera yapi tipi (boyutlari, ¢ati tipi, 6rti tipi vs.)
ve konstriksiyon kesitleri 6nerilmistir.

Calismanin Onemi ve Etkisi: Egitim diizeyi, kurulus, su
basmani ve serada kullanilan profil tipinin seralarin dogal
afetlerden kaynaklanan hasar durumuyla iliskili oldugu
belirlenmistir.

Anahtar kelimeler: Bitkisel tiretim yapilari, dolu zarari,
konstriksiyon, kiresel 1sinma, tarim sigortasi

ACKNOWLEDGEMENTS

Authors would like to thank to Turkish State
Meteorological Service Antalya 4th Regional Directorate
and Agricultural Insurance Pool for their contributions.

DECLARATION OF CONFLICTING INTERESTS
The authors declared no potential conflicts of interest
for this study.

REFERENCES
Baudion WO, Zabeltitz C (2002) Greenhouse

constructions for small scaie farmers in tropical
regions. Acta Hort. 578: 171-179.

134

Biiyiiktas K, Atilgan A, Tezcan A (2016) Tarimsal Uretim
Yapilari. Siileyman Demirel Universitesi Yayinlari,
Yayin no: 101, Isparta. 253 s.

Cicek A, Erkan O, (1996) Tarim Ekonomisinde Arastirma
ve Ornekleme Yontemleri. T.C. Gaziosmanpasa
Universitesi Ziraat Fakdltesi Yayinlar, Yayin no: 12,
118s.

Cipil M (2008) Risk Yonetimi ve Sigorta. Nobel Akademik
yayincilik, Ankara. 314 s.

Cochran WG (1977) Sampling Techniques. John Wiley &
Sons, Inc., New York. 448 p.

Karagolge C, Peker K (2002) Tarim Ekonomisi
Arastirmalarinda Tabakali Ornekleme Yénteminin
Kullanilmasi. Atatiirk Universitesi Ziraat Fakdiltesi
Derg. 33(3): 313-316.

Kirkbesoglu E (2015). Risk Yonetimi ve Sigortacilik. Gazi
Kitabevi Yayinlari, Ankara. 650 s.

Neyman J (1934) On two different aspects of the
representative method: The method of stratified
sampling and the method of purposive selection. J.
Royal Stat. Soc. B. 97: 558-606.

Simer G, Polat Y (2016) Diinyada Tarim Sigortalari
Uygulamalari ve TARSIM. Gazi Universitesi iktisadi ve
idari Bilimler Fakiiltesi Derg. 18(1): 236-263.

Ustiin S, Baytorun N (2003) Sera projelerinin
hazirlanmasina  yonelik  bir uzman sistemin
olusturulmasi. KSU Fen ve Miihendislik Derg. 6(1):
168-176.


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 24 (Ozel Say1):135-141, 2019
(Mustafa Kemal University Journal of Agricultural Sciences 24 (Special Issue):135-141, 2019)
e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

e\ B
"d
=
e

/e

1st International Congress on Biosystems Engineering 2019 ARASTIRMA MAKALESi/RESEARCH ARTICLE

Determination of the intensity of hail damage of the polyethylene greenhouse covers in
the Mediterranean region by thermal camera

Akdeniz bolgesindeki polietilen ortiill seralarin dolu hasar yogunlugunun termal kamera ile belirlenmesi

Kenan BUYUKTAS™ =/, Ahmet TEZCAN'""', Cihan KARACA''"', Zekai GUMUS*""=', Rabia CALISKAN*
1AkdenizUniversity, Faculty of Agriculture, Department of Agricultural Structures and Irrigation, Antalya, Turkey.
’Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Biosystems Engineering, Antakya-Hatay, Turkey.

MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Makale tarihgesi / Article history:
Gelis tarihi /Received:09.10.2019
Kabul tarihi/Accepted:09.12.2019

Keywords:

Impact  Strength, natural disaster,
temperature based model, thermal
imager, Antalya.

~ Corresponding author: Kenan Biyiktas
P<: kbuyuktas@akdeniz.edu.tr

Aims: As a result of the intense industrialization in order to meet the needs
of the growing population, the greenhouse gas density in the atmosphere
is increasing rapidly Climate change also affects our country and hail
damages in the Mediterranean basin, where there are intensive
greenhouse activities, performed, are increasing every year. After the hail,
plastic greenhouse covers can be drilled or lose their plastic material
properties due to stretching. Growers can insure their greenhouses against
the hail damage to the greenhouse cover. Following the natural disasters,
the determination of the damages of the farmers is the most important
stage in the process of covering the losses from insurance.

Methods and Results: In this study, it was aimed to determine the intensity
hail damage by using thermal camera. For this purpose, 36 months-old
polyethylene UV+IR+LD+EVA added greenhouse covering material having
200-micron thickness, which are commonly used in the region, were used
as material. Alergo brand drop tester was used in order to determine the
damage caused by the hail damage of different intensity. Six different
weights were released to the greenhouse cover with a free fall from the
height of 78 cm. The resulting damaged greenhouse covers were mounted
on the test frame and the temperature differences between the damaged
zone and the intact zone were observed with a thermal camera.
Conclusions: A model was developed to determine the intensity of hail
damage by using these temperature changes.

Significance and Impact of the Study: It is thought that the obtained
model can also be used in other regions on condition that regional
calibration is performed.

Atif / Citation: Blyuktas K, Tezcan A, Karaca C, Gumis Z, Caliskan R (2019) Determination of the intensity of hail damage of
the polyethylene greenhouse covers in the mediterranean region by thermal camera. MKU. Tar. Bil. Derg. 24

(Ozel Sayi) :135-141

GiRiS

Tiim dinyada oldugu gibi Turkiye’de de tarim alanlarinin
azalmasi buna karsilik nifusun hizla artmasi, birim
alandan alinan urin miktarinin yeterli olmamasi ve
kiiresel iklim degisikligi gibi nedenlerden dolayi verimi
arttirict birtakim 6nlemlerin alinmasi gerekmektedir
(Tezcan ve Blyiktas, 2014). Bu 6nlemler yeni teknoloji

ve tarim tekniklerinin kullanilmasi, sebze ve meyve
Uretiminin gelistirilmesi, 6zellikle de iklim kosullarindan
bagimsiz Ureticilik yapilabilen seraciligin
yayginlastiriimasidir  (Gulliler, 2007). Seracilik birim
alandan yiksek verim alinmasini saglayarak kiguk
alanlarin marjinal olarak degerlendiriimesine olanak
veren en Onemli tarimsal faaliyetlerden birisidir
(Sevgican ve ark., 2000). Turkiye’de seracilik iklimin
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sagladigl avantajlar nedeniyle yaygin olarak Akdeniz sahil
seridinde yapilmaktadir. Ancak son yillarda jeotermal
kaynaklarin  bulundugu alanlarda seracilik 6nem
kazanmaya baslamis ve bu yerlerde kurulan modern
seralardan kaliteli ylksek verim alinmaya baglanmistir
(Zzaimoglu, 2017).

GUnUmuzde ortl alti yetistiriciligi en yogun olarak
Akdeniz boélgesinde yapilmaktadir. Antalya ili ise gerek
iklimsel yapisi gerekse cografi konumu geregi sera
Uretimi icin olduk¢a uygun bir potansiyele sahiptir
(Buyuktas ve ark., 2016). Antalya’nin cam sera varlig
2018 yili verilerine gore Tirkiye’nin cam sera varliginin
%81.4’Un0, plastik sera varligi ise Turkiye'nin plastik sera
varliginin %52.5’'ini olusturmaktadir (Anonim, 2019).
Ulkemizin sera varligi agisindan Antalya ¢ok dnemli bir
konumdadir. Ancak, Dinya’da kiresel isinmanin bir
sonucu olarak meydana gelen iklim degisikligine bagli
olarak 6nimizdeki 50 yilda bircok Ulkenin kuraklik,
firtina, don, dolu, hortum vb. olumsuz iklim
kosullarindan etkilenecegi belirtilmektedir (Kanat ve
Keskin, 2018).

Antalya’da tarim alanlarinin  bulundugu boélge bir
tarafinin  Toroslarla, bir tarafinin denizle c¢evrili
olmasindan dolayi ciddi anlamda hasara agik bir bolgedir.
Antalya’da heryil dolu, firtina ve hortum gibi olumsuz
iklim kosullarindan dolayr ¢ok sayida sera zarar
gormektedir. Dolu hasarlari, bazen sadece plastik ve cam
ortllerin hasar gérmesine, bazen de seralarin tamamen
¢Okmesine ve konstriksiyon sisteminin devre disi
kalmasina, icindeki Grlinlin hasar gérmesine neden olan
hasarlardir (Caliskan, 2019).

Tarim sektori dogal ve ekonomik risklerden en ¢ok
etkilenen sektorlerin basinda gelmektedir. Seraciligida
kapsayan tarim sektoriinde karsilasilan risklerin, 6zellikle
de siddetli yagis, dolu, kasirga, hortum, don, kuraklik gibi
dogal risklerin etkilerinin en aza indirilebilmesi ancak
tarim sektoérinde etkin bir risk yonetiminin uygulanmasi
ile saglanabilir. Glinimizde diinyada tarim sekto6ri igin
kullanilan en 6nemli ve etkili risk yonetim araci “Tarim
Sigortasidir”. Tarim Sigortasi, tarimdaki risk ve
belirsizlikler nedeniyle olusabilecek zarari karsilayan bir
glvence sistemidir (Kirkbesoglu, 2015).

Dolu yagisinin sera ortisi Gzerine farkli buyuklikte ve
siddette carpmasiyla farkh  buydklikte hasarlar
olusmaktadir. Bu hasarlar sonucunda sera oOrtisii ya
tamamen yirtilmakta ya da kismi olarak zarar
gormektedir. Tarim sigortasi kapsaminda doludan zarar
goren sera ortllerinin ne derecede zarar gordigi, dolu
zarari sonrasinda kullanilabilir durumda olup olmadigi,
konusunda uzman vyetkililer tarafindan zarar goren
seraya gidilerek gerekli olmasi durumunda sera lizerine
cikilarak kontrol edilmekte ve sigorta kapsaminda
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degistirilip degistirilmiyecegine karar verilmektedir.
Ancak, bu durum ¢ogu zaman tehlikeli ve zaman alici
olabilmektedir.

Yapilan bu ¢alismada Akdeniz Bélgesinde bulunan plastik
ortulu seralarda dolu yagisi sonrasi zarar goren plastik
ortllerin termal kamera ile zarar tespitinin yapilmasi ve
olusturulan bir abak ile kullanilabilirlik durumlarinin
belirlenmesi amaglanmistir.

MATERYAL ve YONTEM

Bu calisma Akdeniz Universitesi Ziraat Fakiiltesi
Arastirma ve Uygulama alaninda 2019 yili Agustos ayinda
gerceklestirilmistir. Calismada bolgede yaygin olarak
kullanilan 200 mikron kalinhginda 36 aylik UV+IR+EVA
katkili polietilen (PE) orti malzemesi kullaniimistir.
Laboratuvar kosullarinda yapilan kalinlik kontrol testinde
sera Ortlisiinin ortalama kalinhginin 190 mikron oldugu
belirlenmistir. PE 6rtli malzemesine yapilan gortinir 1sik
gecisi ve pusluluk testinde pusluluk diizeyinin %71.1, isik
gecirgenliginin ise %85 oldugu belirlenmistir. Darbe
dayanim testine gore denemede kullanilan PE sera
ortlisindn ortalama 1658 g’a kadar dayanim gosterdigi,
daha yiksek kuvvetteki darbelerde ise sera ortlisiiniin
tamamen delindigi belirlenmistir. Dolu zararini simiile
etmek amaci ile sera Ortusine farkh kuvvetlerde
darbeler uygulanmistir. Dolu yagisinin sera Ortlisline
olan etkisinin homojen olmamasi nedeniyle orti
malzemesine uygulanan kuvvetlerin segiminde ortalama
darbe dayanimi degeri dikkate alinmistir.

Bu degerler 300 gr ile 1800 gr arasinda 300’er gram
artacak sekilde belirlenmistir. Farkh kuvvetler 78 cm
yukseklikten sera ortlisiine birakilmis ve sera ortisu
Uzerinde farklh siddette hasarlar elde edilmistir. Daha
sonra her bir farkli kitle icin sera o6rtisiinde hasar
meydana getiren kuvvet degerleri belirlenmistir (Cizelge
1).

Laboratuvar ortaminda lizerlerinde hasarlar olusturulan
sera ortlileri ahsap citalar arasinda gerdirilerek Kuzey-
Glney yonilinde 26.5° acgiyla yerden 3 m vyikseklige
yerlestirilmistir (Sekil 1A). Hasar goren bolgelerin sicakhk
farki TESTO 875 model termal kamera kullanilarak giin
dogumu ile glin batimi arasinda saatlik olarak
belirlenmistir (Sekil 1B). Daha sonra termal kamera
gorintileri kullanilarak 6rti Gzerinde darbeli ve darbesiz
noktalarin sicakliklari  kaydedilmistir. Bu degerler
kullanilarak sera 6rtisiiniin tahribat durumu belirlemek
amacl ile X ekseninde tahribatsiz bdlgenin vylzey
sicakliklarinin oldugu, Y ekseninde ise tahribatl ve
tahribatsiz bolgelerin ylizey sicaklik farklarinin oldugu bir
abak olusturulmustur.
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Sekil 1. A) Darbeli PE ortilerin arazi kosullarinda yerlesimi, B) Termal kamera kullanilarak darbeli noktalarin 6l¢ciimi

Deneme tesadlif parselleri deneme deseninde 3
tekerriirli olarak gergeklestirilmistir. Sicaklik farklarinin
ortalamalari arasindaki farkliliklarin belirlenmesi igin
p<0.05 6nem diizeyinde LSD testi yapilmistir.

BULGULAR ve TARTISMA

Calismada farkh siddette darbelere maruz kalan sera
ortilerinin sicaklik farki ortalamalari ile ilgili istatistiksel

sonuglar Cizelge 1’de verilmistir.

Cizelge 1'den gorilecegi gibi farkli darbe siddetleri
sonucunda sera oOrtlsinin ylzey sicakhigini 6nemli
diizeyde (p<0.001) etkiledigi belirlenmistir. En yliksek
sicaklik farki 13.8 N m™* konusunda gériilmekte olup, bu
kuvvete maruz kalan sera 6rtiisii delinmistir. Siddeti 13.8
N m™ olan kuvvete maruz kalan sera ortileri agir hasarh
olarak isimlendirilmistir (Sekil 2).

Cizelge 1. Farkli siddette darbelere maruz kalan sera 6rtilerinin sicakhk farki ortalamalari

Darbe siddeti (N m™)

Sicaklik farki (°C)

13.8
11.5
9.2
6.9
4.6
2.3

9.2A
558
398B
20C
0.8C
00D

Onem Seviyesi:

%0.1 olasilik seviyesinde 6nemlidir

*Blylik harfler LSD testine gore %5 6nem seviyesinde dikey (stitiin boyunca) verilen ortalamalarin karsilastirmasini gostermektedir.

348°C

175°C

B

Sekil 2. 13.8 N m* kuvvet uygulanan PE sera rtiisiiniin; A) gercek gérintiisi, B) termal kamera gériintiisi
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istatistik tablodan goriilecegi tizere 11.5 N m*ve 9.2 N her ne kadar sera ortisi delinmesede darbe alan
m kuvvet uygulanan konular arasinda herhangi bir bolgelerdeki tahribatin yliksek oldugu gortlmistir. Sera
farkhlik belirlenmemistir. Buna karsin, bu konularda értilerinden 11.5 N m™ ve 9.2 N m™ kuvvetinde darbeye
belirlenen sicaklik farklarinin 13.8 N m?* kuvvet maruz kalanlar orta hasarli olarak isimlendirilmistir (Sekil

uygulanan konuya kiyasla daha disik oldugu 3 ve Sekil 4).
gorilmustir. Bu konulardaki sera ortileri incelendiginde

294 °C

215

225

200

180°C

Sekil 3. 11.5 N m™ kuvvet uygulanan PE sera értiisiiniin; A) gercek goriintiisi, B) termal kamera gériintisi

318°C

- 300
2715
250
225

- 200

182°C

A B

Sekil 4. 9.2 N m kuvvet uygulanan PE sera értiisiiniin; A) gercek gériintiisii, B) termal kamera gériintisi

Siddeti 6.9 N m™ ve 4.6 N m™ olan konularinda sicaklk Siddeti 2.3 N m-1 olan kuvvet sonucunda ortii ylizeyinde
farki ortalamalari istatistiksel anlamda ayni grupta yer herhangi bir tahribat meydana gelmediginden sicaklik
almaktadir. Ancak, 13.8, 11.5 ve 9.2 N m™ konulari ile farki olusmamistir. Bu nedenle, 2.3 N m-1 konusu
kiyaslandiginda sicakhk farkinin daha disik oldugu hasarsiz olarak isimlendirilmistir (Sekil 7).
gorilmektedir. Ayrica, sera Ortlisi incelendiginde Tahribatsiz bolge ile tahribatli bolgenin yiizey sicakhk
tahribatin s6z konusu diger konulara kiyasla daha disik farkini  kullarak sera ortlisiiniin  hasar boyutunu
oldugu belirlenmistir. Bu nedenle, 6.9 N m™ve 4.6 Nm™ belirlemek amaci ile abak olusturulmustur (Sekil 8).

kuvvetinde darbeye maruz kalan sera ortileri hafif
hasarl olarak isimlendirilmistir (Sekil 5 ve Sekil 6).
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270

- 250

247°C

A B

Sekil 5. 6.9 N m™* kuvvet uygulanan PE sera értisiiniin; A) gercek gériintiisii, B) termal kamera gérintisi

280
215
270
265

- 260

259°C

A B

A B

Sekil 7. 2.3 N m™ kuvvet uygulanan PE sera értiisiiniin; A) gercek goriintiisii, B) termal kamera gériintiisi
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Bu c¢alismada termal kamera kullanilarak farkli
blylklikteki kuvvetlerin sera ortlisiinde meydana
getirdigi tahribatin belirlenmesi amaglanmistir. Bu

tahribatlarin belirlenmesi amaciyla, tahribatin oldugu
bolgenin yuzey sicakhgl ile tahribatsiz kismin yiizey
sicakhk farklari kullanilarak bir abak olusturulmustur.
Abaktaki sec¢im kriterleri yapilan istatistik analiz
sonucuna gore agir, orta, hafif hasarli ve hasarsiz olarak
belirlenmistir. Dolu yagisinin sera ortlsine olan etkisi
bircok etmene bagl olarak degistigi icin homojen olarak
kabul edilmemektedir. Fakat sera ortisiiniin doludan ne

Olglde zarar gordiiglinin belirlenmesi gerek yetistiriciler
gerekse sigorta sirketleri agisindan onemlidir. Bu
calhismada olusturulan abak yardimi ile dolu yagisinin
sera ortlstinde olusturdugu tahribatin boyutu kolaylikla
belirlenebilecektir. Bu nedenle, yetistiriciler ve sigorta
sirketleri yanliza ylizey sicakligini 6lgerek 6rtiinin hasar
boyutu hakkinda bilgi edinebileceklerdir. Calismada
Antalya bdlgesi icin yaygin olarak kullanilan PE orti
malzemesi kullanilmis olup farkh bolgeler icin bu yontem
referans alinarak farkli abaklar olusturulabilir.

l38kg m2 =
/]
Agwr hasarh
A‘ /)
? [ Orta hasarh
Z 8-
=
= 77 m Hafif hasarh
= 6
-
5 54 P2kgmis® ||V /)
@ 4 Hasarsiz
34
21T AT TS S S S S S S S S S S S S L L L A S 6.9 kgm s
VX AF A AT T _/. (4.6 kgm®s* |
B e L LTl ' b v . 7 5 . —/ZZ/ZZ/Z]/Z 23kgm’s?
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Tahribatsiz bilge sicakhig (°C)
Sekil 8. Tahribat goren PE sera ortilerinin kullanim durumlarini gosteren abak
OZET ylkseklikten serbest diisiisle sera ortisiine birakilmistir.
Elde edilen hasarli sera ortilerinin deneme iskeletine
Amag: Artan nifusun ihtiyaglarinin  karsilanmasi monte edilmesiyle hasarli bdlge ve saglam bolge

amaciyla yogun sanayilesme sonucunda atmosferdeki
sera gazl yogunlugu hizla artmaktadir. Buna bagh olarak
diinyanin pek cok bolgesinde u¢ hava olaylari meydana
gelmektedir. Ulkemizde iklim degisikliginden
etkilenmekle birlikte o6zellikle seracilik faaliyetlerinin
yogun oldugu Akdeniz Havzasinda dolu zararlari her
gecen yil artmaktadir. Dolu sonrasinda plastik sera
ortileri delinebilir ya da plastik malzeme esneyerek
ozelligini kaybedebilir. Yetistiriciler seralarini sera
ortisiinde meydana gelebilecek dolu zararina karsi
sigortalatabilmektedir. Dogal afetlerden sonra ciftgilerin
zararlarinin  tespiti asamasi, zararlarin sigortadan
karsilanmasi siirecinde en ©6nemli asamadir. Bu
calismada termal kamera kullanilarak dolu zararinin
siddetinin belirlenmesi amacglanmistir..

Yéntem ve Bulgular: Bu amacgla bélgede yaygin olarak
kullanilan 36 aylik PE UV+IR+LD+EVA katkili 200 mikron
kalinhga sahip sera orti malzemesi materyal olarak
kullanilmistir. Farkli siddetteki dolu yagisinin plastik
ortide verdigi zarari belirleyebilmek amaciyla Alergo
marka disme test cihazi kullanilarak 6 farkl agirlik 78 cm
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arasindaki sicakhk farklilklari termal kamera ile
gozlemlenmistir.

Genel Yorum: Bu sicakhk degisimleri kullanilarak dolu
zararinin siddetinin belirlenmesi amaciyla bir model
gelistirilmistir.

Calismanin Onemi ve Etkisi: Elde edilen modelin
bolgesel kalibrasyonun vyapilmasi sartiyla baska

bolgelerde de kullanilabilecegi disliniilmektedir.

Anahtar Kelimeler: Darbe dayanim, Dogal afet, Sicakliga
dayali model, Termal gorintileyici, Antalya.

TESEKKUR
Yazarlar katkilarindan dolayi
tesekkdr eder.

IMECE Plastik A.S.'ye

CIKAR CATISMA BEYANI
Yazarlar c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin
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Analysis of drought period with SPI for Mugla province of Turkey

Tirkiye’nin Mugla ili icin SYi yéntemi ile kurak dénem analizi
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MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Aims: The aim of this study was analyze drought characteristics for 9
districts of Mugla that have long-term precipitation data. To identify
drought characteristics such as the number of drought periods and
drought durations, and generating maps for visually demonstrating
districts where drought is more effective.

Methods and Results: Monthly precipitation data from 1968 to 2011 have
been transferred to ReDIM software. SPI values for each station were
calculated for 12-month SPI. Some of the results obtained were mapped
using Geographical Information Systems (GIS). According to the results
obtained for the 12-month SPI analysis under the “SPI <-1” drought period,
the maximum number of dry periods with a 1-month period was observed
in Fethiye 10 times, Koycegiz 9 times and Dalaman 7 times. The number of
dry periods in other stations was between 2 and 5 times. The longest
drought period (26 months) was observed in Milas, 24 months in Yatagan
and 22 months in Bodrum and Mugla stations. Milas, Yatagan and Bodrum
have to be care more for future hydrological drought conditions.
Conclusions: According to the results of analysis 30 years monthly
precipitation data. It has been determined that the frequency of drought
has increased and the number of drought months has increased gradually.
Therefore; more attention should be paid to the effective use of water
resources in this area.

Significance and Impact of the Study: Determination of the current
situation related to drought periods and durations in Mugla according to
the monthly precipitation data of the last 30 years. The areas affected by
drought were identified. It was suggested to take necessary protection
measures against drought in these areas.
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GiRiS

GlUnlmuzde gerceklesen hizli iklim degisiklikleri
sonucunda meydana gelen kuraklik; gida glivenligini ve
tarimi olumsuz etkileyen en yikici dogal afetlerden biridir
(Oliveira-Janior ve ark., 2018). Kurakhk, bir bolgedeki
ortalama yagis miktarina gore daha az miktarda yagis
nedeniyle baslayan uzun vyillar sirebilen su eksikligi
olarak tanimlanmaktadir (Yetmen, 2013). Dinya
Uzerindeki, su kaynaklarinin sirekliligi yagislar ile
saglandigl icin, yagis miktarindaki dists kurakhgin

baslica nedeni olarak kabul edilmektedir. Yagis disinda;
sicakhk, nem ve buharlasmanin da kuraklik Gzerine
6nemli etkisi bulunmaktadir (Vrochidou ve Tsanis, 2012).
Kuraklik, nem eksikligi yaratmasiyla orman ve su
kaynaklarinda azalmaya sebep olur ve bu azalma da
onemli cevresel ve ekonomik (gida, temiz su, saglk vb.)
sorunlar ortaya c¢ikartmaktadir. Bu sorunlarin ortaya
¢tkmasinin 6nlenmesi ve gerekli tedbirlerin dnceden
alinabilmesi i¢in bolgenin detayli kurak analizinin
yapilmasi gereklidir (Bacanli ve Kargli, 2019). Kurak
donemlerin incelenmesi amaciyla pek ¢ok ydntem
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kullanilmaktadir. Bunlar; Standart Yagis indeksi (Mckee
ve ark., 1993), Run Metodu indeksi (Beyazit ve Ondz,
2008), Palmer Kuraklik Siddeti indeksi (Palmer, 1965),
Normalin Yuzdesi indeksi (Willeke ve ark., 1994) ve
Aydeniz Metodu (Bozkurt, 1996).

Kuraklik indeksleri, kurakliklarin zamansal ve mekansal
olarak strekli izlenebilmesine olanak sagladigl igin
olduk¢a 6nemlidir (Svoboda ve ark., 2002; Bagheri,
2016). Kurakhk indekslerinin incelenmesi ile bir
bolgedeki yagisin esik degerinin ne kadar altina diistigu
(kurakhgin siddeti), kurak donemin ne kadar sirdigi
(kurakhgin suresi), géz online alinan kurak dénemin
ortalama hangi araliklarla tekerrir ettigi (kurakhgin
frekansi), géz oniline alinan kurakhgin yakinindaki diger
yerler de gorullp gorilmedigi (kurakligin yerel dagilimi)
gibi onemli bilgiler elde edilebilmektedir (Yevjevich,
1967).

italya’da yapilan bir calismada 43 gézlem istasyonu
NCEP/NCAR vyagis verilerini kullanarak 1929-1996 vyillari
arasinda kurak doénemleri belirlemede standart yagis
indeksi analizini kullanmislardir. Sonug¢ olarak 1970
yiindan sonra kurak donemlerin artma egilimine
girdigini, Standart Yagis indeksi ile elde edilen sonuglarin,
yapilan genis 6lgekli meteorolojik analiz sonuglari ile
uyumlu oldugunu bulmuslardir (Giddings ve ark., 2005).
Sirbistan’da 1948-2012 ddnemleri igin 29 istasyondan
alinan aylk yagis verileri ile yapilan kurakhk analizi
calismasinda Standartlastinlmis  Yagis indeksi (SYi)
metodu kullaniimistir. Sonuglara gore Sirbistan igin 2000
yili en kurak, 1955 ise gbzlemlenen siiredeki en yagish yil
oldugunu belirtmislerdir. Kuraklik sikliginin ise yaklasik %
70'inin  normal  kuraklik  kategorisine  girdigini
belirtmislerdir (Gocic ve Trakovic, 2014).

Sanliurfa istasyonuna ait 78 vyillik aylik yagis verileri
kullanilarak kuraklik analizinin yapildigi ¢alismada,
kurakligin belirlenmesi amaciyla Standart Yagis indeksi
(SYI) yontemi kullanilmistir. Yagis verileri kullanilarak 1,
3, 6 ve 12 aylik SYi degerleri ile Sanlurfa istasyonundaki
kurak ve yagisli dénemlerin siddeti, bayuklGgi ve
dagihmi belirlenmistir. Calisma sonucunda, ele alinan
istasyonda 1986-2014 (29 yil) arasindaki asiri kurak
gecen ay sayisinin, 1937-1985 (49 yil) yillari arasindaki
kurak gecen ay sayisindan daha fazla oldugu gorilmusttr
(GUmUs ve ark, 2016).

Bursa ilinde uzun siireli yagis verisi bulunan Bursa, iznik,
Keles, Mustafakemalpasa ve Uludag istasyonlari 1969-
2015 dénemi icin incelenmistir. Standart Yagis indeksi
(SYi) yontemi ile 1, 3, 6, 9, 12, 24 ve 48 aylk zaman
periyotlari icin kurakhk analizi yapilmistir. Analizi
sonuglarina gore istasyonlarin kurak, normal veya sulak
periyot oranlari benzerlik gostermistir. Bununla birlikte,
kisa slreli periyotlarda (3-6 ay) normal veya hafif
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kurakliklara daha sik rastlanirken, uzun sireli
periyotlarda (12-24-48 ay) siddetli ve c¢ok siddetli
kurakhk gozlenmistir (Bacanli ve Kargi, 2019).

Fas'in orta batisindaki Oum Er-Rbia havzasi icin yapilan
boélgesel kuraklik analizi igin 42 yil boyunca (1970-2011)
25 meteoroloji istasyonundan elde edilen yagis verileri
kullanilmistir. Standart Yagis indeksi (SYi) ydntemi
kullanilarak  kurakhk o6zellikleri, sikhg ve slresi
belirlenmistir. Sonuclara gore bu havzada, 1980-1987,
1991-1995, 1997-2002 ve 2006-2008 arasindaki zaman
araliklarinda kurak doénemlerin meydana geldigini
gOstermisler ve orta ve siddetli arasinda degisen
yogunlukta ylksek bir kuraklik frekansina sahip
oldugunu belirtmislerdir. Havzadaki kurakliklarin
slresinin zamanla arttigini, bunun da mevcut su kaynagi
Uzerinde olumsuz etkileri olabilecegi konusunda
uyarmislardir (Zhim ve ark., 2019).

Bu calismanin amaci, Turkiye’nin Mugla ilinde yer alan
Meteoroloji Genel Mdadirlugine ait 9 gozlem
istasyonunun (Bodrum, Milas, Marmaris, Koycegiz,
Merkez, Dat¢a, Dalaman, Fethiye, Yatagan) 1968-2011
yillari arasindaki yagis verilerini kullanarak, ReDIM
yazihmi ile her istasyonun 12 aylk dénemler igin SPI
degerinin  hesaplanmasidir.  Ayrica, elde edilen
sonuglarin bazilarinin Cografi Bilgi Sistemleri (CBS) ile
haritalandirilmasidir.

MATERYAL ve YONTEM

Calisma Alani

Calisma alani olan ve Turkiye’nin Ege bolgesinde 37° 12"
kuzey enlemi ve 28° 21' dogu boylamlari arasinda yer
alan Mugla ilinin rakimi yaklasik 670 m’dir. Calisma
amaciyla, Mugla ilinde bulunan Yatagan, Koycegiz,

Merkez, Bodrum, Datca, Dalaman ve Marmaris
istasyonlarinin yagis verileri kullaniimistir. istasyonlarin
konumlari ve calisma alaninin sinirlari Sekil 1'de
verilmistir.

Yagis Verileri

Calismada kullanilan  Mugla ilinde vyer alan ve

Meteoroloji Genel Middrligiince isletilen 9 adet gézlem
istasyonunun uzun vyillar toplam aylik yagis serileri
kullanilmistir. Cizelge 1'de yagis gozlem istasyonlarinin
cografi 6zellikleri verilmistir

Kullanilan Yazilimlar
istasyonlara ait aylik toplam yagis verileri ReDIM
yaziimina aktarilarak Standart Yagis indeksi (SYi)
yontemi ile kuraklk analizleri yapiimistir. Sonuglarin
haritalanmasi amaciyla da ILWIS Cografi Bilgi Sistemleri
yazilimi kullaniimistir.
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Sekil 1. istasyonlarin konumlari ve ¢alisma alani sinirlari

Cizelge 1. Yagis gozlem istasyonlarinin cografi 6zellikleri

istasyon No istasyon Adi Yikselti (m) Enlem (Derece) Boylam (Derece)
17884 Milas 57 37.3027 27.7804
17290 Bodrum 26 37.0328 27.4398
17297 Datca 28 36.7083 27.6919
17886 Yatagan 365 37.3395 28.1369
17298 Marmaris 16 36.8395 28.2452
17296 Fethiye 3 36.6266 29.1238
17292 Mugla (Merkez) 646 37.2095 28.3668
17294 Dalaman 12 36.7719 28.7986
17924 Koycegiz 24 36.9700 28.6869

Standart Yadis indeksi

Standart Yagis indeksi (SYi) esas olarak belirlenen zaman
dilimi iginde yagisin ortalamadan olan farkinin standart
sapmaya bollinmesi ile elde edilir (Mckee ve ark., 1993).
SYi Es. 1 ile hesaplanmaktadir.

X — X
syj = 22— 79
o

(Es. 1)

Burada; xi: Yagis istasyonundaki i. gozlemdeki yagis
(mm), x;: Uzun doénemli yagis ortalamasi (mm), o:
Standart sapmayi temsil etmektedir.

SYi degerleri dikkate alinarak yapilan bir kuraklik
degerlendirmesinde indeksin sirekli olarak negatif
oldugu zaman periyodu kurak donem olarak tanimlanir.

Cizelge 2. Yagis gozlem istasyonlarinin cografi 6zellikleri

indeksin sifirn altina ilk distigii dénem kurakhgin
baslangici olarak kabul edilirken, indeksin pozitif degere
yikseldigi ay kurakhgin bitimi olarak degerlendirilir. SYi
yontemine gore vyapilan siniflandirma Cizelge 2’'de
verilmistir.

BULGULAR ve TARTISMA

Kurak donem analizi igin, Turkiye'nin glineybatisinda yer
alan Mugla ilindeki 9 meteoroloji istasyonuna (Bodrum,
Milas, Marmaris, Koycegiz, Merkez, Datca, Dalaman,
Fethiye, Yatagan) ait 1968-2011 yillari arasinda 6l¢iImis
ayhk yagis verileri kullaniimistir. ReDIM programi ile SYi
degerleri hesaplanmistir. Aylik ve yillik toplam yagislar
kullanilarak elde edilen 12 aylik SYi degerlerinin
zamansal dagilimi Sekil 2'de verilmistir.

SYi Degerleri Siniflandirma
>2.00 Asiri Yagish
1.50 < SYi < 2.00 Cok Yagish
1.0<SYi<1.5 Orta Yagish
0<SYi<1.0 Hafif Yagish
-1.0<SYi<0 Hafif Kurak
-1.5 < SYi<-1.0 Orta Kurak
-2.0<SYi<-1.5 Cok Kurak
-2.0 < SYi Asiri Kurak
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Sekil 2. 12 aylik dénem igin ilgelerin SYi dagilimlari
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12 aylik SYi degerlerine gére her istasyon igin kurak ve
yagisl donem ay sayilari ve ortalama ay sayilari Cizelge 3
ve 4’te verilmistir. SYi kurak dénem tanimina gore (SYi <
-1), en fazla kurak dénem goriilen istasyon Dalaman (24
donem) olurken en az kurak dénem goriilen istasyon ise
Milas (13 dénem) olmustur. Kurak ay sayisi ortalamasi en
yuksek olan istasyonun Bodrum (6.69 ay), en dusik olan
istasyonun ise Koycegiz (3.78) oldugu belirlenmistir.

Bu kurak dénemler icerisinde “SYi < -1.5 “ olan diger
ifadeyle ¢ok kurak dénem en fazla Yatagan istasyonunda
(16 donem), en az ise Marmaris istasyonu (8 donem) igin

Cizelge 3. Yagis gozlem istasyonlarinin cografi 6zellikleri

belirlenmistir. En az, ¢ok kurak dénem gorilen yer
olmasina ragmen, c¢ok kurak ay sayisi ortalamasi en
ylksek olan yer de Marmaris istasyonu (5.63) olarak
belirlenmistir. En dislk ortalamaya sahip olanlar ise
Koycegiz (1.92) ve Dalaman (2.25) olarak hesaplanmistir.
Asiri kurak dénemi ifade eden “SYi <-2” degeri ise en ¢ok
Marmaris’te (7 dénem), en az Dalaman’da (1 donem)
gortlmustir. Ortalama ay olarak ise en yiliksek ve en
dusuk istasyonlar sirasi ile; Datca (7.00) ve Koycegiz
(1.00) olarak belirlenmistir.

Normale Yakin

istasyonlar Yaglsll Kurak Ort'a Kurak (,‘olf Kurak Aslrl Kurak
(syi>1) (1<svi<1) (syi<-1) (SYi < -1.5) (SYi<-2)
Marmaris 22 51 19 8 7
Bodrum 18 45 13 13 4
Dalaman 12 51 24 12 1
Datca 16 43 14 10 2
Fethiye 18 54 21 13 4
Kéycegiz 17 46 23 12 3
Mugla Merkez 16 52 20 12 4
Milas 21 52 12 15 4
Yatagan 14 52 13 16 6
Cizelge 4. 12 aylik SYi degerlerine gore kurak ve yagish dénem ay ortalamalari.
istasyonlar Yaé.l§|l E:::':ale Yakin Ort.a Kurak (;ok' Kurak A§Irl Kurak
(syi>1) (1<sYi<1) (syi<-1) (SYi < -1.5) (SYi<-2)
Marmaris 414 1.00 4.58 5.63 2.57
Bodrum 4.28 0.98 6.69 3.46 4.25
Dalaman 7.75 1.00 3.63 2.25 2.00
Datga 4.69 1.00 5.43 3.40 7.00
Fethiye 5.72 1.00 414 2.46 1.01
Koycegiz 494 0.98 3.78 1.92 1.00
Mugla Merkez 5.63 0.98 5.80 3.25 1.25
Milas 4.33 0.98 7.75 2.60 4.00
Yatagan 6.57 0.98 7.38 2.75 1.33

Cizelge 5. 12 aylik SYi degerlerine gére her istasyon igin en uzun kurak dénemler ylhk SYi degerlerine gére kurak ve

yagish donem ay ortalamalari.

En Uzun Kurak Donem

Istasyonlar Baslangig Bitis Siire (AY) SYi Ort. SYi Siniflandirma
Marmaris Subat 1987 Mart 1988 14 -1.88 COK KURAK
Bodrum Subat 1992 Kasim 1993 22 -1.48 ORTA KURAK
Dalaman Kasim 1989 Ocak 1991 15 -1.45 ORTA KURAK
Datga Mart 1987 Mart 1988 13 -1.14 ORTA KURAK
Fethiye Aralik 1989 Ocak 1991 14 -1.69 GCOK KURAK
Koycegiz Nisan 1990 Mayis 1991 14 -1.42 ORTA KURAK
Mugla Merkez Subat 2000 Kasim 2001 22 -1.53 COK KURAK
Milas Nisan 1989 Mayis 1991 26 -1.43 ORTA KURAK
Yatagan Mayis 1989 Nisan 1991 24 -1.38 ORTA KURAK
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Sekil 3. istasyonlarin en uzun kurak dénem sayilari

ReDIM programi ile hesaplanan 12 aylik SYi degerlerine
gére istasyonlarin en uzun kurak dénemleri ve SYi
siniflandirmasi Tablo 5’te verilmistir. Tablo 5’e gore
kurak donemler incelendiginde, en uzun kurak dénemin
Nisan 1989 —Mayis 1991 yillari arasinda 26 ay ile Milas’ta
ve Mayis 1989- Nisan 1991 vyillari arasinda 24 ay ile
Yatagan’da vyasandigi belirlenmistir. Ayrica bolgesel
olarak en uzun kurakhk yasanan yillar 1989-1991 vyillari
arasi oldugu gorialmustir. En uzun kurak dénem sayilari
Ilwis CBS programinda Sekil 3'teki gibi
haritalandiriimistir.

Kurak donem analizi icin, Tlrkiye’nin glineybatisinda yer
alan Mugla ilindeki 9 meteoroloji istasyonuna (Bodrum,
Milas, Marmaris, Koycegiz, Merkez, Datca, Dalaman,
Fethiye, Yatagan) ait 1968-2011 yillari arasinda 6l¢ilmis
ayhk yagis verileri kullaniimistir.

Yapilan 12 aylk SYi analizinde “SYi < -1” sartinda elde
edilen sonuglara gore kurak déonemlerin zaman olarak
sureleri incelendiginde 1 aylik siireye sahip kurak donem
sayisi en fazla 10 ile Fethiye, 9 ile Kdycegiz ve 7 ile
Dalaman’da gorilmistiir. Diger istasyonlarda kurak
donem sayilari 2-5 arasinda goérilmustir. En uzun
kurakhk siresi 26 ay ile 1 kez Milas, 24 ay ile 1 kez
Yatagan ve 22 ay ile 1 kez Bodrum ve Mugla Merkez
istasyonunda gorilmistir.

SYi < -1.5 “ olan diger ifadeyle ¢ok kurak dénem en fazla
Yatagan istasyonunda (16 donem), en az ise Marmaris
istasyonu (8 doénem) icin belirlenmistir. Asiri kurak
dénemi ifade eden “SYi <-2” degeri ise en cok
Marmaris’'te (7 dénem), en az Dalaman’da (1 dénem)
gorilmustlr. En uzun kurak dénemin ise Nisan 1989 —
Mayis 1991 yillar arasinda 26 ay ile Milas’ta ve Mayis
1989- Nisan 1991 vyillari arasinda 24 ay ile Yatagan'da
yasandigi belirlenmistir.

147

Elde edilen sonuclara gore; son 30 yillik dénemde,
kurakhgin gorilme frekansinin arttigi ve kurakhk gorilen
ay sayisinin giderek artmis oldugu tespit edilmistir. Bu
nedenle ; su kaynaklarinin etkin kullanimina daha ¢ok
onem verilmelidir.

OzZET

Amag: Muglailinin uzun yillik yagis verisi olan 9 ilcesinde,
SYi yontemi ile kuraklik analizinin yapilmasi, kurak
donem sayisi ve kuraklik siireleri gibi kuraklik 6zelliklerini
belirleyerek, kurakhgin daha etkili oldugu ilgelerin goérsel
olarak gosterilmesi.

Yéntem ve Bulgular: Standart Yagis indeksi (SYi) ydntemi
ReDIM vyazilimi ile uygulanmistir. Yapilan 12 aylik SYi
analizinde “SYi < -1” sartinda elde edilen sonuclara gére
kurak donemlerin zaman olarak streleri incelendiginde 1
aylik slireye sahip kurak dénem sayisi en fazla 10 ile
Fethiye, 9 ile Kdycegiz ve 7 ile Dalaman’da gorulmustar.
Diger istasyonlarda kurak dénem sayilari 2-5 arasinda
gorulmistiir. En uzun kuraklk stiresi 26 ay ile 1 kez Milas,
24 ay ile 1 kez Yatagan ve 22 ay ile 1 kez Bodrum ve
Mugla Merkez istasyonunda gorilmuistir.40 toprak
érnegi alinmistir. Orneklerde topraklarin tekstiir, pH, tuz,
kirec ve yarayish bor icerikleri belirlenmistir. SYi < -1.5 “
olan diger ifadeyle ¢ok kurak donem en fazla Yatagan
istasyonunda (16 dénem), en az ise Marmaris istasyonu
(8 donem) icin belirlenmistir. Asiri kurak donemi ifade
eden “SYi <-2” degeri ise en cok Marmaris’te (7 dénem),
en az Dalaman’da (1 dénem) gorialmastir. En uzun kurak
dénemin ise Nisan 1989 — Mayis 1991 yillari arasinda 26
ay ile Milas’da ve Mayis 1989- Nisan 1991 yillari arasinda
24 ay ile Yatagan’da yasandigi belirlenmistir.

Genel Yorum: Elde edilen sonuglara goére; son 30 yillik
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donemde, kurakhgin gorilme frekansinin arttigi ve
kuraklik goriilen ay sayisinin giderek artmis oldugu tespit
edilmistir. Bu nedenle; su kaynaklarinin etkin kullanimina
daha ¢ok 6nem verilmelidir.

Calismanin Onemi ve Etkisi: Mugla ilinde son 30 yillik
yagis verilerine gore, kuraklik donemleri ve sireleri ile
ilgili mevcut durumun tespiti ve kurakliga kars
alinabilecek o6nlemlerin 6ncelikle hangi bolgelerde
uygulanmasi gerektigi belirlenmistir.

Anahtar Kelimeler: SYi, kurakhk analizi, Mugla, llwis,
ReDIM.

TESEKKUR
Yazarlar yagis verilerini sagladigi icin Tlrkiye Meteoroloji
Genel Madarlagi'ne tesekkir eder.

CIKAR CATISMA BEYANI
Yazarlar calisma konusunda cikar ¢atismasinin olmadigi
beyan eder.
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Aims: The aim of this study is to estimate monthly precipitation by support
vector regression and the nearest neighbourhood methods using
meteorological variables data of Chabahar station.

Methods and Results: Monthly precipitation was modelled by using two
support vector regression and the nearest neighbourhood methods based
on the two proposed input combinations.

Conclusions: The results showed that the support vector regression
method using normalized polynomial kernel function has higher accuracy
and it has lower estimation error than the nearest neighbour method.
Significance and Impact of the Study: Precipitation is one of the most
important parts of the water cycle and plays an important role in assessing
the climatic characteristics of each region. Modelling of monthly
precipitation values for a variety of purposes, such as flood and sediment
control, runoff, sediment, irrigation planning, and river basin
management, is very important. The modelling of precipitation in each
region requires the existence of accurately measured historical data such
as humidity, temperature, wind speed, etc. Limitations such as insufficient
knowledge of precipitation on spatial and temporal scales as well as the
complexity of the relationship between precipitation-related climatic
parameters make it impossible to estimate precipitation using
conventional inaccurate and unreliable methods.

Atif / Citation: Sureh FM, Sattari MT, Irvem A (2019) Estimation of monthly precipitation based on machine learning methods
by using meteorological variables. MKU. Tar. Bil. Derg. 24 (Ozel Say1) :149-154

INTRODUCTION

Precipitation plays an important role in the global water
and energy cycle. More than 54% of the world's
population lives in areas where the water crisis is serious
(Boston et al., 2012). Iran is located in a dry belt, and its
average rainfall is only equivalent to one-fifth of the
global average (Anonymous, 2016). Naturally, it is quite
critical to know the factors affecting rainfall patterns in
such areas.

Meteorological parameters are one of the most
important factors affecting precipitation. They have a
significant impact on agriculture and society. Therefore,
precipitation prediction is very important, especially in

developing countries that have large populations and
economies that rely on agriculture. During the process of
plant growth, drought or heavy precipitation can cause a
significant reduction in the yield of the product. Accurate
prediction of precipitation helps inform effective
decisions for proper planning and sustainable water
resources management, flood control, environmental
protection, tourism development, and urban
development planning.

However, precipitation prediction is difficult as it exhibits
large spatial and temporal variability. The intrinsic
nonlinear and intricate patterns of precipitation have
made it an appealing application for simulation (Asghari
and Nasseri, 2015).
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Ingsrisawang et al. (2008), used Support Vector
Machine, Decision Trees, and Artificial Neural Networks
for predicting short-term precipitation and developed
classification and prediction models in northern
Thailand. Data were collected during the years 2004 to
2016.

Zaw (2008), developed a prediction model for the
precipitation of Myanmar using Multiple Linear
Regressions. There, 15 predictors were used; the results
of the study indicated that the predicted precipitation
values closely matched the actual values.

Wang and Sheng (2010), used a Generalized Regression
Neural Network model for predicting annual
precipitation in ZhengZhou. They showed that the
Generalized Regression Neural Network has advantages
for predicting precipitation compared to Back
Propagation Neural Networks and regression analysis
methods. The results of the Generalized Regression
Neural Network simulation for annual precipitation are
better than the Back-Propagation Neural Network.
Sivaramakrishnan and Meganathan (2012), tried to
predict the precipitation at the Trichirappalli station in
southern India using association rule mining. Data were
first filtered using a discretization approach based on the
best fit range and then predicted using the Apriori
algorithm. Finally, the data were verified using the Kstar
classifier approach. The results showed that the overall
classification accuracy for the occurrence of rainfall on
dry and wet days was satisfactorily using the data mining

technique.
Olaiya and Adeyemo (2012), predicted maximum
temperature, precipitation, evaporation, and wind

speed using data mining techniques. This study was
conducted using an Artificial Neural Network, Decision
Tree algorithms, and meteorological data between 2000
and 2009 from the city of Dibadan, Nigeria. There, a data
model was developed to train the classifier algorithms.
The performances of these algorithms were compared
using standard performance metrics and algorithms that
obtained the best results were used to generate
classification rules for the mean weather variables. The
results showed that, with enough data, the data mining
technique could be used to predict the weather.

Dutta and Tahbilder (2014), predicted precipitation
using Multiple Linear Regressions with six-years of
meteorological data for Guwahati, India. Maximum and
minimum temperatures, humidity, pressure and sea
level were used as predictive parameters. The results
showed that the prediction model based on Multiple
Linear Regression achieved 63% accuracy in prediction of
precipitation.
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Sethi and Garg (2014), used Multiple Linear Regression
to predict precipitation using a 30-year dataset from
1973-2002. The climate data included precipitation,
vapor pressure, mean temperature and cloud cover of
Udaipur city in India. Experimental results showed a
close agreement between the predicted and actual
values.

Ji et al. (2012), predicted precipitation using CART
(Classification and Regression Tree ) and C4.5 algorithms.
The study consisted of two steps: (1) determining the
chance of precipitation; (2) predicting hourly
precipitation when there is a chance of precipitation.
Input parameters included wind gusts, wind speed,
outdoor humidity, outdoor temperature, evaporation,
solar radiation, wind chill, dew point, pressure, cloud
base, air density, and vapor pressure. The results
showed both methods have high accuracy and are
efficient algorithms.

Bushara (2016), predicted precipitation in Sudan using
monthly meteorological data and Computational
Intelligence (Gaussian Processes, Linear Regression,
Multilayer Perceptron, IBK, KStar, Decision Table, M5
Rules, M5P, REPTree, Additive Regression, Bagging,
MultiScheme, Ensemble Methodology, and ANFIS). The
proposed models were evaluated and compared using
correlation coefficients and mean absolute errors. The
results indicate that the ANFIS approach gave
satisfactory performance.

In the present study, a site with low water resources was
selected (the city of Chabahar). The precipitation in the
city of Chabahar is low on average compared with the
other cities in Iran. Annual precipitation is primarily a
result of several sudden events. It also has a high
temperature with low volatility, large solar insolation,
and poor vegetation.

Significant year-to-year variation in precipitation is the
main characteristics of precipitation. An alternative
approach is to divide the response space into sub-
sections and smaller units as used in regression models
based on data mining. Predictions are made faster by
using data mining regression and allow a user to identify
important parameters.

Consequently, this study aims to determine the accuracy
of different models (Support Vector Regression, Nearest
Neighborhood Model) for modeling the monthly
precipitation of the Chabahar Synoptic Station in the
southeastern region of Iran by using meteorological
parameters such as maximum temperature, mean
temperature, and wind speed.
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MATERIAL and METHODS

Area of Study

The port of Chabahar is located on the Makran coast of
Sistan and Baluchistan Province, next to the Gulf of
Oman and at the mouth of Strait of Hormuz. It is the only
Iranian port with direct access to the Indian Ocean. Being
close to Afghanistan and the Central Asian countries of
Turkmenistan, Uzbekistan, etc., it has been termed the
"Golden Gate" to these land-locked countries. Chabahar

Port is located at an area of 11 km? at an elevation of 7
meters above sea level.

Chabahar located in 25°17' latitudes and 60°37’
longitudes in most years around 100 millimeters (3.9 in)
will fall; however, a positive Indian Ocean Dipole in
1997/1998 led to a record total of 470 millimeters (18.5
in); in contrast between July 2000 and June 2002 only
57.5 millimeters (2.3 in) fell in two years. (Anonymous,
2012). Fig. 1 shows the studied station.

Afghanistan

Iran

Pakistan

India

Chabahar
Fig. 1. Location of Chabahar station in Iran

Data Used

In this study, monthly data including precipitation, mean
temperature and humidity and direction and wind speed
of Chabahar station between 1986 and 2017 were used.
Of the total data, 80% of the data were used for model

training and the remaining 20% for testing. The
statistical data of the data used in this study are
presented in Table 1 and the precipitation chart of
Chabahar Meteorological Station is shown in Fig. 2.

Table 1. Total heating value of agricultural residues of Hatay

Variable Minimum Maximum Mean Std. deviation
Tmax (°C) 22.00 34.90 29.43 3.16

Tmin (°C) 14.40 30.30 23.24 4.48

Tmean (°C) 18.70 32.20 26.32 3.76

RH (%) 38.00 93.00 74.37 9.21

Wind speed (m/s) 5.00 22.00 9.80 2.45

P (mm) 0.00 198.60 9.66 25.47
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Annual precipitation(mm)
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1987
1988
1989
1990
1991
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1996
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1998
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2015
2016
2017

Annual precipitation (mm) Average precipitation

Fig. 2. Chabahar meteorological station precipitation chart
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Support Vector Regression (SVR) Model

Support Vector Machine is one of the supervised
learning methods introduced in 1992 by Vapnik and
Chervonenkis based on the theory of statistical learning.
Regression means to obtain a superscript that fits the
desired data. The distance of each point from this super
file indicates the error of that particular point (Shahrabi
and Shojaee, 2011). The best method suggested for
linear regression is the least-squares method. However,
for regression cases, it is possible that the use of the
least-squares estimator in the presence of outliers may
not be complete. As a result, the regressor performs
poorly. Therefore, a robust estimator should be
developed that is not sensitive to small changes in the
model. The kernel functions are used to solve the
problem of very high dimensions and convert the
nonlinear form to linear. In this way, different kernel
functions such as polynomial kernels, normalized
polynomials, and Pearson can be used. Therefore, it is
sufficient to use the kernel of input values instead of the
function itself in nonlinear problems.

Nearest Neighborhood Model

Nearest neighborhood model technique is based on the
concept of similarity. The results of memory-based
reasoning are based on similar situations that have
happened in the past. This means that the algorithm
stores all the available items and makes numerical
predictions based on the similarity measurements. In
general, steps can be taken to improve the performance
of the nearest neighbor models, including selecting a
method for estimating the best neighbors, developing
information transfer functions, and developing distance
functions. To estimate the best neighborhoods in the
nearest neighbor method, different methods have been
proposed which can be used depending on the accuracy
and the complexity and volume of the problem. One of
these methods is the use of empirical relation K =+/n
where n is the time series and k is the best number of
neighbors used in this method. The efficiency of this
relationship increases with the increasing length of time
series. Trial-Error is another method that can be used to
find the best neighbors by selecting different
neighborhoods in the best neighborhood and extracting
prediction errors. Another function that plays a key role
in the performance of the nearest-neighbor method is
the distance function, including Euclidean, Minkowski,
Manhattan, and Chebyshev (Sharif and Burn, 2006).

In this study, we used WEKA software developed by the
Waikato University of New Zealand to model the
precipitation of the Chabahar station using support
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vector regression and nearest neighbor regression
methods.

Feature Selection by Relief Algorithm

Relief method uses a statistical solution to select a
feature, as well as a weight-based method inspired by
sample-based algorithms. One of the most important
features and prominences of the Relief algorithm is its
suitability for use in a dataset with a small number of
educational samples. Therefore, in this research, due to
the length of the statistical data, this method was also
used to determine the effective parameters for drought
modeling. It should be noted that this test was carried
out in Weka software.

Feature Selection Based on Correlation (CFS)
Correlation feature selection is a commonly used
method for selecting input variables and reducing
problem dimensions and is introduced by Hall (1999).
The correlation method gives the subsets that have the
characteristics with the highest correlation coefficient
with the sample class, and the variables with the highest
score are considered as the main variable. This algorithm
has a high ability to quickly detect unrelated,
unnecessary and error-free data, which generally results
in the removal of half the data. This feature increases the
productivity of the models by reducing the dimensions
of the problem.

Model Evaluation Criteria

The purpose of the evaluation criteria is to estimate the
error rate and determine the patterns and the structures
that have the least amount of rainfall forecasting error.
In this study, three evaluation criteria were used;
correlation coefficient (R) (Eq. 1), root mean square error
(RMSE) (Eqg. 2) and mean absolute error (MAE) (Eq. 3).

S » Y V) £q. (1)
AT
2l by)
RMSE=, [==- 1= Ea. (2)
1
MAE = — Lolxi-vi| Ea. (3)

In  these relations, xi (yi) are observational
(computational) values. The higher (lower) the
correlation coefficient values are, (RMSE and MAE) the

more accurate the model is.
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RESULTS and DISCUSSION

Combinations of input parameters and their combined
ability to modeling precipitation are identified. Table 2
shows the input parameters selected for modeling
precipitation based on the RELIEF and CFS algorithms.

Table 2. Input parameters determined by feature
selection methods
Algorithm Variables
Cfs Tmax, Tmean, Wind speed
Relief Tmax, RH, Wind direction

Investigation of Precipitation Modeling Results

Due to the importance of selecting such cases as kernel
function in support vector regression and distance
function in nearest neighbor method, the performance
of these models was first evaluated for different
functions using the default values of the parameters of
each function to find the optimal function for each. The
method of selection is then modeled for precipitation
with each binary combination based on the optimal
functions. For this purpose, 80% of the data was used for

model training and 20% was used for model testing. The
results of the support vector regression and nearest
neighbor regression methods using different functionsin
default mode for the structure of each function are
presented in Table 3.

Based on the results presented in Table 3, it can be seen
that the best results are obtained in the vector support
regression method by using normalized polynomial
function and in the nearest neighbor method the best
results are obtained using Manhattan function. The
nearest-neighbor method was used to determine the
optimal neighborhood number to increase the accuracy
of the model by trial and error method. However, the
combination of the input parameters determined by the
correlation method (CFS) is relatively more accurate and
less error-free than the combination of the parameters
specified by the Relief algorithm. To better understand
the results obtained in this study and to visualize the
accuracy of the models used in rainfall modeling, the
distribution graphs of computational values of data
mining methods compared to the observed values of
precipitation for the best input parameter combination
are shown in Fig. 3.

Table 3. Input parameters determined by feature selection methods

Combination (Cfs) Combination (Relief)

Method Function used MAE RMSE R MAE RMSE R
Polynomials 7.02 15.08 0.75 7.03 15.32 0.74
Support Vector Regression Normalized polynomials 6.73 1458 0.78 7.51 1545 0.71
Pearson 7.38 14.98 0.76 9.04 18.10 0.56
Euclidean 16.13 36.83 0.24 9.93 2433  0.27
Nearest Neighborhood Chebyshev 13.85 28.61 0.31 10.47 23.18 0.24
Manhattan 1476 34.66 0.32 10.20 24.27 0.28
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Fig. 3. Predicted and observed precipitation distribution graph.
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CONCLUSIONS

Iran suffers from a shortage of precipitation and
consequently a shortage of surface and groundwater
resources. Important parts of Iran, especially the city of
Chabahar, are facing a water crisis. In such
circumstances, forecasting and modeling of precipitation
values are necessary to provide proper planning in water
resources management. In this study, the efficiency of
the Support Vector Regression (SVR) and Nearest
Neighbor models in the monthly precipitation modeling
of the Chabahar Station was evaluated. In this study,
monthly precipitation of Chabahar was modeled using
different combinations as input variables. In general, the
best performance of the model occurred when
meteorological parameters such as maximum
temperature, mean temperature, and wind speed was
considered as inputs of the models. The results showed
that the performance of the Support Vector Regression
(SVR) model was better than that of the nearest
neighbor model. The results also showed that the
combination of parameters based on Relief algorithm in
the modeling process with the negligible difference is
very close competition with the selection of parameters
based on correlation method and can be an efficient
method for determining effective parameters in
hydrological processes especially modeling.
Precipitation is generally an easily measured parameter.
estimation models used are not satisfactory. This study
should be concluded with emphasis on direct
measurement of precipitation.
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Makale tarihgesi / Article history: Aims: Overexploitation of groundwater (GW) resources leads to lowering
Gelis tarihi /Received:09.10.2019 of the water table and widespread shallow groundwater contamination,
Kabul tarihi/Accepted:16.12.2019 particularly in semi-arid and arid regions of the world. The region of

Mahdia, located in the Sahel of Tunisia, is a semi-arid region characterized
by its limited surface water and groundwater resources. Overexploitation

Keywords: of groundwater in some shallow aquifers has been detected lately in the
Groundwater elevation, drought, region due to the increase of population and human activities. This study
overexploitation, kriging with drift, Jeostat aimed to figure out spatial and temporal changes in groundwater
software, Mahdia, geostatistical tools elevations through using geostatistical techniques.

Methods and Results: In line with the determined objective, data from 102
fCorresponding author: Rania SOULA groundwater observation wells, located in the Mahdia region in Tunisia,
DX: raniasol@hotmail.fr were used in this study. The Regional Commissariat for Agricultural

Development of Mahdia (CRDA) provided us with the data of groundwater
depth observations from 2005 to 2017, surface elevation and coordinates
of the groundwater wells. The use of universal kriging, i.e. “kriging with a
drift”, method allowed us to make reasonable interpretations on
groundwater levels in dry and wet years. Generated maps by Jeostat
Software® demonstrated that the relief of the catchment determines the
groundwater divide, which controls hydrological processes in groundwater
catchments. In addition, generating groundwater elevation maps for dry
and wet years was subtracted and a new map was derived, i.e. difference
map. Difference map indicated that overexploitation was accentuated in
dry years.

Conclusions: The “universal kriging” method allowed us to obtain
groundwater elevation contours and to detect groundwater-depleted
areas.

Significance and Impact of the Study: Policies and economic instruments
should be taken urgently to manage these overexploited aquifers and
recreate the groundwater natural level particularly in dry years.

Atif / Citation: Soula R, Chebil A, Cetin M, Majdoub R (2019) The use of universal kriging interpolation technique to determine
groundwater levels in dry and wet years: A case study in a semi-arid region of Mahdia in Tunisia. MKU. Tar. Bil.
Derg. 24 (Ozel Sayi) :155-162

INTRODUCTION groundwater resources management (Zhou et al., 2013).
Groundwater depletion can be detected by integrating
Quantification of the groundwater depletion is of capital the changes of groundwater elevation contour maps

importance in order to provide information for effective over the aquifer area or by using calibrated groundwater
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models (McGuire et al.,, 2003). In this regard,
geostatistical tools have been widely applied in the
sciences of hydrological, environmental, earth,
agricultural, etc. to estimate the spatiotemporal
variability of data with environmental and economic
importance (Christakos, 2000). Geostatistical tools help
to characterize and interpret the spatial behavior of
existing sample data and to use that interpretation to
predict likely values at the locations, which have not
been sampled (Clark and Harper, 2000). The most
frequently used technique for spatial interpolation is
Ordinary Kriging (OK). Simple and ordinary kriging are
techniques of stationary geostatistics. Nevertheless, in
reality, the mean value of some spatial data varies and
depends on the absolute location of the sample. This
spatial behavior indicates that the variable under
investigation is non-stationary. Gundogdu and Guney
(2007), Kumar (2007) and Cay and Uyan (2009) used the
technique of universal kriging in preference to OK to
elaborate spatial and temporal analysis of groundwater
levels in their studies. Additionally, Gunarathna et al.
(2016) pointed out that the lowest root mean square
error (RMSE) value for mapping groundwater level in dry
season with reference to land surface datum was given
by the Universal Kriging (UK) method. In UK practice, the
drift is taken into account by introducing n drift
functions, which are functions of the x and y coordinates.
In doing so, the UK helps us to increase remarkably the
overall reliability of estimates at unsampled locations.
The stable objective of this study was to figure out
spatial and temporal changes in groundwater elevations
through using non-stationary geostatistical techniques.

MATERIAL and METHODS

Groundwater and Precipitation Data and Pre-
processing of Data for Analysis

In the present work, Universal Kriging (UK) is used to
interpolate groundwater level data of Mahdia shallow
aquifers at the central of Tunisia located between 10°-
11° north parallels, and the 35° east meridian. The
aquifer system covers an area of 2878 km? and the
available data consist of 102 hydraulic head
measurements that are randomly distributed over this
area. Data of annual rainfall from 1980 to 2017 were
statistically analyzed; annual rainfall data followed
normal distribution (Fig. 1). Wet and dry years (from
2005 to 2017) were determined by using standardized
precipitation index (SPl, i.e. z-value) method following
the procedure given in Keskiner et al. (2019); and so z-
values were calculated. Any given year with negative z-
value was classified as a “dry year” and a year with
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positive z-value was classified as a “wet year” (Table 1).
This classification is useful to estimate and compare the
groundwater elevation, based on mean sea level in
meters, in dry and wet years. Elevation of groundwater
was calculated as the surface elevation of observation
well minus the depth of water table as explained in Cetin
and Diker (2003).

Probability Plot of Annual Rainfall
Normal - 95% Cl

Mean 2048
Sthov 9630
H 7
AD 012

P-value 0479

Percent

Annual Rainfall

Fig. 1. Distribution of annual rainfall data

Table 1. Classification of years

Annual Rainfall (mm) Probability Z_Value Years
305.12 0.58 0.21 2005
291.04 0.52 0.06 2006
329.95 0.67 0.47 2007
262.40 0.40 -0.23 2008
367.94 0.80 0.86 2009
264.20 0.41 -0.22 2010
249.69 0.35 -0.37 2011
330.55 0.68 0.47 2012
134.30 0.05 -1.56 2013
394.90 0.87 1.14 2014
330.00 0.68 0.47 2015
263.60 0.41 -0.22 2016
436.52 0.94 1.57 2017

Semivariogram Analysis and Models

One of the basic geostatistical tools used for spatial
estimation is the semivariogram, i.e. y(h). It represents
variation in the value of the parameters observed as a
function of the distance between the points in which
these observations were made. Modelling a
semivariogram is an important step in the geostatistical
analysis. Modeling of a semivariogram involves fitting a
suitable  theoretical semivariogram model to
experimental values (Pannatier, 1996; Cetin and Kirda,
2003). A number of candidate theoretical semivariogram
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models were used in this work to better describe the
shape of the experimental semivariograms. The most

[n?]
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commonly used ones (Cetin and Kirda, 2003) were given
Eqg. 1. Gaussian model with nugget effect.

Where; a: Practical range of influence (in the unit of
distance), h: Separation distance between sample pairs
(in the unit of distance), C: The sill value of
semivariogram, consisting of nugget (C,) and stochastic
(C1) variance, i.e. C=C,+C;. Spherical model with nugget
effect.

Detrending and Kriging Estimations

In  non-stationary geostatistics, i.e. when the
semivariogram has not a stable sill, then, removing the
trend component (g;(x,y)) from the observed, or
original data (gj) is a prerequisite. This is done by
subtracting the value of trend surface from
observations, i.e. gs. Finally, trend-free data (gires (X,¥))
were obtained as explained below. Vieira et al. (2010)
mentioned that the method of removing the trend
consist of fitting three-dimensional surface to the data
by the least squares and subtracting its values from the
original gis. The degree of the trend surface is
determined by conducting analysis of variance (ANOVA),
i.e. comparison of Fyaues With Fipe (Clark and Harper,
2000). The cubic trend surface model might be
expressed mathematically as the following Eq. 2.

where; x, y: Universal Transverse Mercator (UTM)

coordinates (in the unit of distance), «;: Regression
coefficients.
Gires(X,¥) = gi - g;cubic(x: y) (Eq. 4)

The trend model and its parameters (Eq. 3) are
determined by conducting ANOVA, then, trend
component (or drift) in observed data is removed by
using Eq. 4. If de-trending is done accordingly, residuals
are supposed to show characteristics of stationary data.
If it comes to that, the next step is to determine a
suitable  theoretical semi-variogram model to
experimental semivariogram of residuals, i.e.
Jires(x,y), obtained by Eq. 4. Then, kriging estimates of
residuals [§iyes(x,y)] are made by solving the kriging

)3], if|[h] < R

, otherwise

+0as Y2+ ag X2y+ o xy2+ og x
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(Eqg. 1)

(Ea. 2)

3 3

+0g X (Eq. 3)

system of equations (Cetin and Kirda, 2003) at the grid
nodes established over the study area. Finally, the likely
value at any unsampled location, or grid node over the
study area is estimated as the following.
i, Y) = Gires(x,¥) + Gicupic(x,¥) (Eq. 5)
where i stands for the grid node number. This method is
called as “Universal Kriging (UK)” or kriging with drift
(Wackernagel, 2003) and (Menafoglio and Secchi, 2013).

RESULTS and DISCUSSION

Semivariogram Models and Estimated Parameters

In this study, “Jeostat” software developed by Mert and
Dag (2017) was used to identify the most reliable
theoretical semivariogram models for the groundwater
variables examined. For dry and wet years, the
“Gaussian model” is found as the most consistent model.
Cressie goodness of fit statistics indicated a good fit to
the observed data (0.053 for wet years and 0.057 for dry
years). Experimental semivariograms were obtained by
setting the direction angle to 0.0 degrees and tolerance
angle to +90 degrees. Therefore, omnidirectional
experimental semivariograms were obtained for the
data. Results were visually depicted in Fig. 2.
Additionally, Table 2 indicates the model parameters. It
is important to address that semivariograms contained
the nugget effect (C,) which was unusually small.
However, having this parameter is an implication of
spatial variability at the distances shorter than the
minimum sampling distance and other unaccountable
experimental measurements errors. In our case, the
minimum sampling distance was about 2000 m. The
share of stochastic variance (C;) in sill value (C) was
almost the same for the data of dry and wet years,
91.63% and 91.68 %, respectively. However, the range of
influence, i.e. a, was a bit higher in wet years (37.3 km)
than dry years (35 km).

Experimental semivariograms are the mirror of the
spatial behavior of the data in the hand. As seen in the
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Fig. 2, they show clearly that there is a significant trend
in the values on the larger scale, indicating groundwater
elevations are non-stationary.

=—g= [ xperimental =—g= [ xperimental
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o Tolerence angle: 90° < Tolerence angle: 90°
= 2500 | Increment :2000 (m) 2500 | Increment :2000 (m)
= <
< =~
:; 2000 o 2000
=) o
c [
2 1500 2 1500
S 2
'E 1000 £ 1000
5 [«b]
N w
500 500
0 0
o MmMAa Mmoo NS M ST T 1NN © oo MAaNnmMOOOoO NSNS M T N © 0
O = OO VW OV O™~ g O© 0 o < O O VW VWO~ O 0 o <
O O OO0 O O o 0O O «+ 0o OO O O 0O 0O O O OO O « OO0 OO
n <4 O NO N O W MO < I~ n 4 O N O O OV MO < I~
A NN <N N O~ A AN AN NN O NS

Lag distance, h(m)

(a)

Lag distance, h(m)

(b)

Fig. 2. Theoretical (solid lines) and experimental (smooth lines with markers) semivariograms of the observed
(original) groundwater (GW) level data: (a) dry, (b) wet years

Table 2. Gaussian semivariogram model parameters of groundwater elevation data

Variable [GW elevation] Co C1 C (C./ C)*100 a
Dry years Residuals 100 1095.92 1195.92 91.63 34990.47
Wet years Residuals 100 1102.26 1202.26 91.68 37317.86

Co: Nugget variance; CiStochastic component; C: Sill value ( m); a: Practical range of influence (m)

Table 3. Analyses of variance of dry years’ data for modelling trend

Trend model Sum of squares Degrees of freedom Mean square F ratio
Linear 74684.83 2 37342.41 80.48
Linear residuals 45930.45 99 463.94

Quadratic 92699.68 5 18539.93 63.75
Diff (linear and quadratic) 18014.84 3 6004.94 20.65
Quadratic residuals 27915.60 96 290.78

Partial cubic 92743.06 6 15457.17 52.68
Diff (quadratic and cubic) 43.38 1 43.38 0.14
Partial cubic residuals 27872.22 95 293.39

Total variation 120615.29 101 1194.21

Trend Surface Analysis

The method used to justify the sustainability of least
squares fit is the Analyses of Variance, i.e. ANOVA in
conventional statistics. ANOVA test for determining the
degree of drift functions is valid only if residuals are
normally distributed. Keeping this in mind, trend surface
analysis was done accordingly and ANOVA results were
summarized in the Tables 3-5. By comparing the last
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column “Fratio” with Ftable at various significance
levels, it was concluded that linear and quadratic trend
functions were significantly different, indicating that
guadratic trend is better than linear one. As seen in the
Tables 3-4, F value for difference between quadratic and
linear trend model is statistically significant which means
that significant proportion of the variation in the data
has been explained by the quadratic trend.
Nevertheless, partial cubic trend is not significant (F ratio
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= 0.14< F table for dry years; F ratio = 0.11< F table for
wet years) (Table 3-4) at the 95% probability (a=5%).
ANOVA analysis results led us to conclude that the

guadratic trend with the coefficients given in the Table 5
might be used confidently in UK estimates of GW
elevations in the region of Mahdia.

Table 4. Analyses of variance of wet years groundwater elevations data for modelling trend

Trend model Sum of squares Degrees of freedom Mean square F ratio
Linear 74979.37 2 37489.68 81.63
Linear residuals 45462.09 99 459.21
Quadratic 93084.62 5 18616.92 65.33
Diff ( linear and quadratic) 18105.24 3 6035.08 21.17
Quadratic residuals 27356.84 96 284.96
Partial cubic 93116.94 6 15519.49 53.95
Diff ( quadratic and cubic) 32.32 1 32.32 0.11
Partial cubic residuals 27324.52 95 287.62
Total variation 120441.47 101 1192.48
Table 5. Analyses of variance of wet years groundwater elevations data for modelling trend
Climatic conditions a0 o o o3 ol os
Dry years -476389.23 -0.03 0.25 1.56E-08 -2.10216E-08 -3.33676E-08
Wet years -478374.50 -0.03 0.25 1.54E-08 -2.11035E-08 -3.34652E-08
Direction angle: 0° . Direction angle: 0°
Tolerence angle; 90° == Experimental Tolerence angle: 90° et Experimental
Increment :2000 (m) 400 | Increment :2000 (m)
400
350 . 320 3
T 300 £ 300
= =
\‘—_g 250 < 250
5] 8 200
§ 200 5
= e
(%EJ 100 g 100
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0 0
CRagER2 DI =3 CEZg8885233853
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(a)
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Fig. 3. Experimental semivariograms for the detrended GW elevations of Mahdia’s aquifer: (a) dry, (b) wet years

Table 6. Theoretical semivariogram models and parameters of detrended groundwater elevations (residuals)

Climatic conditions Co C1 C (C4/ €)*100 a

Detrended data for dry years 36.43 309.71 346.14 89.47 14145

Detrended data for wet years 36.62 294.7 331.32 88.94 14145
Semivariogram Analysis for the Detrended Data software was wused to identify omnidirectional

Trend component in the GW elevation data was
removed by employing Equation 4 for 102-observation
points. In this regard, UTM coordinates of GW wells were
used in the trend estimation. After removing the
influence of the drift in GW elevations, “Jeostat”
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experimental semivariograms, and to expose the most
reliable theoretical models. Finally, based on the visual
examination of experimental semivariograms, it was
postulated that “spherical model” containing all possible
pairs in all possible directions was the most appropriate
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theoretical model for dry and wet vyears. Cressie
goodness of fit statistics of 0.069 for dry years and 0.015
for wet years proved our postulation based on the
evidence of visually good fit to the experimental data as
seen in the Fig. 3. Spherical semivariogram parameters
(Co, C1, R) were defined and given in Table 6. As seen in

Tunisia

st
N
Mediterranean
Sea

Yad o

Algeria Lybia

Fig. 3, the quadratic trend model is well enough to
remove drift in the GW elevation data regardless of
whether data belong to wet or dry years. Furthermore,
the variance structure of detrended groundwater
elevation is similar in dry and wet years.

Monastir
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GW elevation (m)
Sabkha

] Region Limit
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Fig. 4. Groundwater elevation in dry years
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- il'
> Mahdia
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0
1/
o
E o
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Fig. 5. Groundwater elevation in wet years

Generated Contours of Groundwater Elevation

The most important output of geostatistical studies are
kriging estimation (KE) and kriging error (KSD) maps. In
this study, the “jeostat” program was used to make
kriging estimates of residuals, i.e. detrended GW
elevations. To this end, study area was gridded
consisting of 630 points/cells (18 rows and 35 columns)
with the size of 2.5 km by 2.5 km. Residuals {Gi-.s (x, V) }
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and were

trend {g;quadratic(xvy)} components
estimated by OK technique and Eq. 3, respectively, for
each grid node. Then, Eq. 5 was used to obtain the likely
groundwater elevation at each grid node for dry and wet
years. Generated groundwater elevation maps were
presented in Fig. 4 for dry years and Fig. 5 for wet years.
Yao et al. (2015) concluded in their study that
groundwater levels correlated with topographic
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elevation. Fig 4 and Fig. 5 showed that the highest
groundwater elevations are located in the central parts
and in the south west of the region, which follow the
surface topographic elevation of the region of Mahdia.
Additionally, generated GW elevation maps show clearly
that groundwater discharges either into sabkhas (Sidi E/

20 km

Hani, Cherita etc.) or directly to the Mediterranean Sea.
Local information proved that generated groundwater
elevation maps were in harmony with the hydraulic
conditions in the region, indicating that the
methodology applied was successful to simulate GW
dynamics in region of Mahdia.

Monastir

Mahdia

(Dry - Wet ) years

GWE difference (m)
-5 to -1
-1 to -0.5
-05t0 O
Sabkha

[J Region Limit

Fig. 6. The difference in groundwater elevation between dry and wet years

Fig. 6 was generated by subtracting Fig 4 and Fig. 5. It
shows the diminution of groundwater elevation in dry
years comparing by wet years in the majority of the
region. Nevertheless, overexploitation is accentuated
only in two locations in dry years: in Mahdia-ksouressef
aquifer and in the areas located between Souassi and
Sidi el Hani Shallow aquifers. Groundwater elevation
diminished from 0.5 m to 1 m in Mahdia-ksouressef
aquifer, and from 0.5 m to 5 m between Souassi and Sidi
el Hani Shallow aquifers. This overexploitation is
explained by the presence of private irrigation
perimeters in these areas and the excessive and
uncontrolled extraction of groundwater. This is a good
indication of overstress caused by anthropogenic factors
such as agriculture, tourism, etc. on groundwater
resources in the profound arid regions.

CONCLUSIONS

Groundwater elevations that cannot be directly
measured can be objectively simulated by utilizing
geostatistical tools. Experimental semivariograms may
be used to figure out whether data are stationary or not.
Stationary and non-stationary kriging estimates might be
helpful for the groundwater managers and practitioners
in the field, particularly in the region of Mahdia, in order
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to prepare sensible groundwater management plans for
ensuring sustainability of groundwater resources. The
method of “universal kriging”, i.e. UK, was shown its
efficiency to obtain the contours of groundwater
elevation in wet and dry years. Some areas (private
irrigation perimeters) showed high depletion in
groundwater elevations in dry years. Thus, policy and
measurements should be taken urgently in these areas
to maintain the suitability of shallow aquifers in the
region of Mahdia.
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Aims: This research was conducted in 2012 at Experimental Vineyard of
Cukurova University in order to determine the water yield relationships in
the Royal table grape variety irrigated with drip irrigation system with
different deficit irrigation strategies.

Methods and Results: In the study, six different treatments were
considered: full irrigation (TS), soil water deficit in the 80 cm within the
seven-day intervals was replenished to the field capacity; deficit
irrigations, KSso; KS7s; and Partial Root-zone Drying PRDso which received,
respectively 50, 75 and a control treatment non irrigated (RF: rainfed).
Irrigation interval of 7-day used for all irrigated treatments. Experimental
design is randomized blocks with three replications. In general, irrigation
treatments had significant effect on yield at 1% level. Highest yield was
obtained from the full irrigation (TS) as 33.4 t ha?, and the lowest yield was
obtained 17.9 t ha. The highest seasonal water use (ET) was determined
in the TS treatment as 837 mm; and the lowest yield was in the RF
treatment 293 mm. Significant second degree polynomial relationships
between grape yield (Y) and (l) and grape yield (Y) and water use were
found as Y= -0.01612+34.531+17798 (r’= 0.980**); and Y= -
0.025ET2+57.43ET+3140 (r’= 0.978**), respectively. The highest water use
efficiency (WUE) was found in RF treatment 6.11 kg m3, the lowest one
was found in TS treatment 3.99 kg m>

Conclusions: It has been determined that PRD applications in Royal table
grape cultivar provide water saving compared to full irrigation and may be
an appropriate irrigation strategy in vineyard irrigation.

Significance and Impact of the Study: It is very important for producers to
give up their growing habits without irrigation in vineyard cultivation in the
Mediterranean Region.

Atif / Citation: Bozkurt Colak Y, Yazar A, Tangolar S, Duraktekin G, Génen E (2019) The effects of deficit irrigation on drip
irrigated royal table grape cultivars on water-yield relations in Cukurova conditions. MKU. Tar. Bil. Derg. 24

(Ozel Sayi) :163-171

GIRIS

500-600 mm’nin Uzerinde olan yerlerde toprak tipine
bagli olarak sulama yapilmaksizin bagcilik

Ulkemizin kurak ve yari kurak iklim kusaginda yer almasi yapilabilmektedir. Ancak yillik yagisin disik oldugu
sulamanin 6nemini arttirmaktadir. Yilhk toplam yagisi yerlerde asmanin gelisimi agisindan sulama yapmak
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kacinilmaz olmaktadir. Akdeniz ikliminin hiikiim strdigi
bolgelerde bagin su tiketimi, gézlerin uyanmasindan
hasada kadar gecen donem icin 500 mm, ancak tiim
mevsim i¢cin 800 mm civarindadir. Dolayisiyla, Akdeniz
bolgesinde genel olarak yagisin ¢cok sinirli oldugu mayis,

haziran, temmuz aylarinda sulama  yapmak
gerekmektedir.
Son yillarda Glkemizdeki sulama sistemlerindeki

gelismeler sayesinde bagcilikta da sulamanin 6nemi
giderek artmistir. Bag vyetistiriciliginde damla sulama
sistemleri su kullaniminda tasarrufu saglayan sulama
yontemlerinden biridir.

Damla sulama ile saglanan su tasarrufunu daha da
arttirabilmek igin farkli yontemler gelistirilmistir.
Bunlardan biri kisintili damla sulama digeri ise kismi kdk
kurulugu (Partial Root-Zone Drying, PRD), sulama isletme
bicimidir.

Kismi kok kurulugu (PRD) bir kisintili sulama uygulamasi
olup bitki kok sisteminin yarisi kuruma sirecindeyken
diger yarisi islatiimaktadir. Bir sonraki sulamada islak ve
kuru bolgeler alternatif olarak degismektedir. Islatilan
kokler bitkide yiksek kdk su potansiyelini korurken kuru
koklerde su stresi olusmaya baslar. Asmalar, kullanilabilir
sudaki degisime tepkilerini stoma iletkenligini
diizenleyerek, yapraklardan terleme hizini ayarlayarak
gosterirler. Koklerde su stresi nedeniyle olusan absisic
asit (ABA) gibi bitki blyliime hormonlari araciligi ile stoma
iletkenligini etkileyebilir (Zhang ve Davies, 1990; Tardieu
ve ark., 1992). Koklerde sentezlenen ABA miktari su
stresi altinda artar ve ksilem araciligi ile yapraklara iletir
(Davies ve Zhang, 1991). Bitki bu duruma tepki olarak
stoma acikligini azaltir ve terlemeyle su kaybini
sinirlandirir. Bu nedenle bitkide kok kaynakli ABA
konsantrasyonunun artmasi stoma iletkenligi ve yaprak
blylme hizini azaltabilir. Dolayisiyla, asmalarda sulama
yonetimi, stirglin blylmesini ve terlemeyi kontrol eden
ABA gibi kokte olusan hormonal sinyalleri 6zendirmek
icin kok bolgesinin kismi kdk kurulugu uygulamalarini
icerebilir. PRD yontemi ile bircok meyve bahcgelerinde
denemeler yiritilmastiir (Zhang ve Davies, 1990;
Tardieu ve ark., 1992; Stoll ve ark., 2000; Dry ve ark.,
2001; Kang ve Zhang, 2004; Chaves ve ark., 2007; Fereres
ve Soriano, 2007; Agar, 2010; Duraktekin ve ark., 2017).
PRD, Avustralya gibi kurak ve yari kurak iklimsel 6zellikler
gosteren bolgelerde ozellikle bag sulamalari igin
gelistirilen ve genellikle verimde 6nemli bir azalmaya
neden olmayan, bununla birlikte geleneksel sulama
yontemlerine goére sulama suyu miktarinin azaltiimasina
ragmen su kullanim randimaninda 6nemli dlglide artis
gosteren sulama teknigidir. PRD sulamasinda uygulanan
su %50 azaltilmasina karsin su kullanim randimani
yaklasik %85 artmistir (Dry ve ark., 2001).
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Belirli kosullarda kisintili sulama kaynaklari durumunda
bitkilerin kisintili sulama stratejilerine karsi tepkilerinin
bilinmesi Ozellikle azalan tarimsal su kaynaklari
kosullarinda oldukg¢a énemlidir. Su kaynaklarinin kisitli
oldugu yorelerde suyun etkin kullanilmasini saglayacak
kisintili sulama teknikleri Uzerine ¢ok sayida calisma
yapilmistir (Glindliz, 2007; Romero ve ark., 2010; Agar,
2010; Yazar ve ark., 2010; Terry ve Kurtural, 2011; Sofo
ve ark., 2012; Tangolar ve ark., 2015; Bozkurt Colak ve
ark., 2017; Topuz ve Dagdelen, 2017; Tangolar ve ark.,
2018; Coskun ve ark., 2018).

Bu calisma, Cukurova Bolgesinde yetistirilen Royal
sofralik Gzim c¢esidinde damla yontemiyle uygulanan
farkh kisintili sulama rejimlerinin Royal sofralik izim

cesidinde su-verim iliskilerine etkilerini saptamak
amaciyla yratilmastir.
MATERYAL ve YONTEM
Arastirma 2012 vyetistirme mevsiminde, Cukurova

Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bolimi
Arastirma Uygulama Baginda ydratilmustdr. Anilan
alanin denizden ortalama ytiksekligi 20 m olup 36° 59' N,
35° 18' E enlem ve boylamlarinda yer almaktadir.
Akdeniz iklim kusaginda bulunan Adana ilinde kislar ilik
ve yagish, yazlar sicak ve kurak gecmektedir. Uzun yillik
verilere gore vyagis ortalamasi 670.8 mm, sicakhk
ortalamasi 19.1°C ve vyillik buharlasma 1536 mm’dir.
Yagis miktarlari arastirma yilinin Mart ayinda 61.5 mm,
Nisanda 19.5 mm, Mayista 87 mm, Haziranda 9 mm,
Temmuzda 4 mm olarak Olglilmustir. Mayis-Agustos
aylari arasindaki donemde arastirma yillarinda
kaydedilen yagis miktarlari genel olarak uzun yillar
ortalamasindan daha dustk diger bir deyisle daha kurak
gecmistir.  Bagin  vejetasyon donemi  (goOzlerin
uyanmasindan hasada kadar gecen dénem) olan Mart—
Agustos aylari arasindaki ortalama maksimum sicaklik
Agustos ayinda 29.4°C, minimum ortalama sicaklik ise
12.1°C olarak Mart ayinda gerceklesmistir.

Mutlu serisine giren deneme alani topraklari oldukca
yasl alliviyal depozitler Gizerinde olusmus vertisollerdir.
Hemen hemen diiz ve diize yakin topografyalarda yer
alirlar. Batan profil yiksek oranda kil igerir. Kireg
bakimindan orta derecede zengindir ve koyu kirmizi
kahve renklidir (Ozbek ve ark. 1974). Deneme yapilan
alanda topragin; tarla kapasitesi 25.19-29.42 g g%, solma
noktasiise 9.37-12.71 g g%, hacim agirhg1 1.37-1.47 g cm"
3, pH’1, 7.61-7.90; tuz icerigi 0.402-0.459 dS m™arasinda
degismektedir. Toprak bilinye analiz sonuglarina
bakildiginda 0-80 cm’lik toprak katmaninda kumlu tinli
blinyeye sahip oldugu belirlenmistir. Arastirmada
kullanilan sulama suyu, C.U. Ziraat Fakiiltesi Arastirma ve
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Uygulama Ciftliginden gecen DSi sulama kanalindan
pompayla alinarak Bahge Bitkileri Arastirma ve
Uygulama Bagcilik isletmesinde bulunan 200 m* hacimli
beton havuzda depolanan sudan saglanmistir. Kullanilan
sulama suyunun kalitesi C;S1 sinifindadir.

Arastirmada bitkisel materyal olarak, Amerikan asma
anaci Uzerine asilanmis 12 yasindaki Royal sofralik Gziim
cesidi kullaniimigtir. Deneme yapilan bagda dikim aralig
sira Gzeri 2.5 m, sira arasi 3.0 m olup asmalar guyot
terbiye sistemine gore yetistirilmistir. Kisa ve uzun
budanmis dallarin bir arada bulundugu karisik budama
sekli uygulanmistir. Deneme siiresince, omcalarin kis
budamasi ile yaz budamasi kapsaminda filiz, yaprak ve ug
alma uygulamalari yapilmistir. Denemenin kis budamasi
21 Subat 2012 tarihinde yapilmistir.

Arastirmada alti farkh sulama konusu (TS: bir haftalik
sulama araliginda 80 cm’lik toprak profilindeki eksik
nemin tarla kapasitesine getirildigi tam sulama konusu;
KS7s: TS konusuna uygulanan suyun %75’inin verildigi
kisintili sulama konusu; KSso: TS konusuna uygulanan
suyun yarisinin verildigi kisintili sulama konusu; PRDso: TS
konusuna verilen suyun %50’sinin alternatif olarak bir
lateralden uygulandigi yari islatmali sulama konusu;
PRD7s: TS konusuna verilen suyun %75’inin alternatif
olarak bir lateralden uygulandigi yari i1slatmali sulama
konusi; RF: Yagisa dayali sulama konusu) incelenmistir.
Arastirma tesadlif bloklari deneme desenine gore (g
yinelemeli olarak yuritilmdstir. Her bir parselde 8 asma
(8x2.5=20 m) bulunmaktadir. Her bir parselin uzunlugu
20 m; parsel alani ise 3m x 20m= 60 m?¥dir.

Tam sulama konularina uygulanan sulama suyu miktari
Es. 1ile hesaplanmigtir (Yazar ve ark., 2010).
| =A*P*As (Es. 1)
Esitlikte; “I” her bir sulamada uygulanacak sulama suyu
miktarini (mm), “A” parsel alanini (m?), “As” 80 cm’lik
profildeki eksik toprak nemini (mm) temsil etmektedir.
“P” 1slatma yuzdesini temsil etmistir ve %35 olarak
belirlenmistir.

Arastirmada kullanilan damla sulama sistemi arazi egimli
oldugundan basin¢g gidericili damlaticilli lateraller
kullanilmistir. isletme basinci 1.5 kg cm?, damlatici
araligi 50 cm, damlatici debisi 2.3 L h™Vdir.

Toprak profilinin ilk katmaninda (0-20 cm) gravimetrik
yontemle, 20-80 cm arasinda ise 20 cm’lik artislarla
noétronmetre yontemiyle toprak nemi gozlemleri
yapllmis ve hasada dek sirdirilmustir. Toprak nem
olglimleri 80 cm’lik toprak profilinin altinda gegirimsiz
katman oldugundan 80 cm’e kadar olgllebilmistir. Bitki
su tiketiminin hesaplanmasinda su dengesi esitligi
kullanilmistir (Howell ve ark. 1986). Asma bitkisinin 80
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cm’lik toprak profilinden tiikettigi su miktari su dengesi
esitligi ile hesaplanmistir. Su kullanim randimani (WUE)
ve sulama suyu kullanim randimanini (IWUE) belirlemek
amaciyla Zhang ve ark. (1999)'nin verdigi Es. 2 ve Es. 3
kullanilmistir.

WUE=Y/ET (Es. 2)

IWUE=Y-Yo/!I (Es. 3)
Esitliklerde; “IWUE” sulama suyu kullanim randimani (kg
m3), “WUE” su kullanma randimani (kg m?3); “ET”
evapotranspirasyon (mm) “I” uygulanan sulama suyu
(mm), “Y” sulanan konulardan elde edilen yas Gziim
verimleri (kg ha) “Yo” susuz konulardan elde edilen yas
Uzum verimlerini (kg ha?) temsil etmektedir.

Mevsimlik ve mevsim icerisinde degisiklik gosteren
sulama suyu uygulamalarina bagh olarak ortaya ¢ikan
iliskiler bitki su—verim iliskisi olarak tanimlamaktadir.
Doorenbos ve Kassam (1979), bitki su tliketiminde
meydana gelen azalmanin kisitli su uygulamasina bagl
oldugunu, béylece verimde de bir azalma gozlenecegini
belirtmislerdir. Calismada su ile verim arasindaki iliski,
Stewart modelinden yararlanilarak Es.4 ile belirlenmistir
(Doorenbos ve Kassam, 1979).
(1-Ya/Ym) = ky (1-ETa/ETm) (Es. 4)
Esitlikte; “Ya” gercek verim (kg ha), “Ym” Maksimum
verim (kg ha), “ETa” gercek mevsimlik su tiketimi
(mm), “ETm” maksimum su tiiketimi (mm) “ky” verim
azalma orani degerlerini gostermektedir.

Tim konulara esit miktarda glibre uygulanmistir.
Gozlerin uyanmasi sirasinda 70 kg hat N, fosfor ve
potasyum hesabi ile yaklasik 50 kg da* kompoze giibre
(15:15:15) kullanilmistir. Tane tutumu doneminde azot
kaynagi olarak Ure (%46N) ve Potasyum kaynagi olarak
da Potasyum siilfat (%50 K>,0) 7’ser kg da™ saf azot ve
potasyum hesabina gore topraga verilmistir.

Deneme konularina iliskin derlenen verilerin istatistiksel
analizlerinde JUMP paket programi kullaniimistir.
Ortalamalarin  karsilastirilmasinda  LSD  yontemi
uygulanmistir (Acikgoz ve ark., 1994).

BULGULAR ve TARTISMA

Arastirma yilinda sulama konularinda toprak profilinin 80
cm derinliginde sulamalardan bir giin dnceki toprak su
iceriginin zamana goére degisimi Sekil 1’de verilmistir.
Arastirmada genel olarak TS konusu, PRD7s konusu ve
KS7s konusu mevsim boyunca %50 kullanilabilir suyun
Uzerinde kalirken, diger sulama konularinda toprak su
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icerigi  kullanilabilir nemin  %50’sinden  asaglya
diismistiir. Mevsim boyunca en yliksek nem degerleri TS
sulama konusunda olurken, (%50 AW) anilan konuyu
sirayla PRDs, KS7s, PRDso, KSso ve son olarak yagisa dayali
(yada RF konusu) konu takip etmistir. Mevsim sonuna
dogru nem degerleri diismeye baslamis yagisa dayal
sulama konusunda solma noktasinin altina dismustdr.

Arastirmada konulara uygulanan toplam sulama suyu

1’de verilmistir. Sulamalara 80 cm toprak derinliginde
bulunan kullanilabilir suyun %50’si tiketildiginde
baslanmistir. Arastirma yilinda sulamalara 18.05.2012
YG-139) tarihinde baslanmis ve 20.07.2012 (YG-202)
tarihinde son verilmistir. Toplam 10 sulama uygulamasi
yapimistir. Cizelgeden de goriilecegi gibi tam sulama
(TS) konusuna toplam 671 mm, PRD7s ve KS;s konusuna
503 mm, PRDsp ve KSsp konularina ise 336 mm su

miktarlari ile deneme konularina iliskin mevsimsel bitki uygulanmigtir.  Kontrol  konusuna sulama suyu
su tliketimi (ET), verim, su kullanim randimani (WUE) ve uygulamasi yaptimamistir.
sulama suyu kullanim randimani (IWUE) degerleri Cizelge
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350 -

g 300 - Tarla Kapasitesi

8

E 250

£ C 50% AW

s 200 1

.

8 150

= e @y Solma Noktasi

wv

< 100

o

& S0 A

[t

0 T T T T T T T T T 1
139 146 153 160 167 173 180 188 195 202 209
Yilin Giinleri

Sekil 1. Toprak su iceriginin zamansal degisimi

Cizelge 1. Arastirmada konularina gore, toplam sulama suyu miktari, mevsimlik bitki su tiiketimi (ET), verim, su kullanim
randimani (WUE) ve sulama suyu kullanim randimani (IWUE) degerleri

Konular Sulama Suyu ET Verim** WUE** IWUE**

(mm) (mm) (kg ha™) (kg m?) (kg m)
TS 671 837 33365 a 3.99d 2.30d
PRD7s 503 698 32019 ab 4.59 bc 2.80b
KS7s 503 707 31059 b 439 cd 261c
PRDso 336 561 28188 ¢ 5.02b 3.06 a
KSso 336 567 26288 d 4.64 bc 249 ¢c
RF 0 293 17911 e 6.11a -

P<0.01(** %1 duzeyinde 6nemli) P<0.05 (* %5 dlzeyinde 6nemli) P>0.05 6d (6nemli degil)

Cizelge 2. Arastirma yillarinda Royal sofralik tizim c¢esidinin verim, WUE ve IWUE istatistiksel analiz sonuglari

istatistiksel Analiz Verim (kg ha) WUE (kg m™3) IWUE (kg m™3)
CV(%) 3.1 6.7 3.5

LSD (0.05) 1566 0.58 0.17

P (olasilik) 0.001%** 0.0005** 0.001%**

P<0.01( ** %1 dlzeyinde 6nemli) P<0.05 (* %5 diizeyinde dnemli) P>0.05 6d (6nemli degil)

Arastirma yilinda gozlerin uyanmasindan hasada kadar
gecen donem igin toplam yagis 181 mm’dir. Mevsimlik su
tiketimleri sulama konularina gore 293-837 mm
arasinda degismistir. Uygulanan sulama suyu miktari
arttikg¢a bitki su tiketiminin de arttigi gérilmastir. KSs
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ve KSso konulari sirasiyla PRD7s ve PRDsg konulari ile ayni
sulama suyu miktarint almasina ragmen, PRD
konularinda daha dislik ET degerleri belirlenmistir.
Yapilan bir¢ok ¢alismada arastiricilar baglarin mevsimlik
su tidketiminin 500-1200 mm arasinda degistigini
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bildirmislerdir ~ (Doorenbos ve Kassam, 1979;
Christensen, 1975; Grimes ve Williams, 1990). Gindiz
(2007) Tekirdag kosullarinda Razaki tGiziim ¢esidinde bitki
su tiketimi degerlerinin ortalama olarak 527.2 mm ile
288.7 arasinda; Semillon lzim cesidinde ise 509.8 ile
264.6 mm arasinda degistigini belirtmistir. Topuz ve
Dagdelen (2017), Manisa Alasehir’de Sultani Cekirdeksiz
Uzim c¢esidinde en ylksek verimin alindigi Tieo
konusunda 600.3 mm mevsimlik su tiketimi
hesaplamislardir.

Hasatta parsellerdeki tiim omcalarin verimleri tartilarak
belirlenmis ve konulara gore elde edilen ortalama omca
verimleri  belirlenmigtir. Verim degerleri sulama
konularina gére arastirma yilinda 17.9-33.4 t ha
arasinda degismistir. Verime iliskin LSD gruplandirmasi
Cizelge 2'de verilmistir. Farkli su diizeylerinin omca
basina Gzim verimi Gizerine etkisi istatistiksel olarak %99
givenle 6nemli bulunmustur. Arastirma yilinda en
yliksek verim TS konusundan alinmistir. Genel olarak
sulamanin verimi olumlu sekilde etkiledigi belirlenmistir.
Topuz ve Dagdalen (2017) Manisa Alasehirde Sultani
Cekirdeksiz sofralik tizim cesidinde farkli sulama aralig
ve farkh su seviyelerinin verim ve kalite Uzerine
etkilerinin arastinldigi ¢alismada en yiiksek yas tzlim
verimi 6 gin sulama araliginda ve %100 sulama suyu
uygulanan T konusundan (2002.7 kg da?) elde
etmislerdir. Duraktekin ve ark. (2017) Tarsus
kosullarinda ylzeyalti damla sulama ile farkh diizeylerde
sulanan Yalova incisi sofralik iziim cesidinde en yiiksek
verimi 30.9 t ha™ ile tam sulama konusundan en diisiik
verimi 11.7 t ha* ile yagisa dayali sulama konusundan
alindigini belirtmistir. Tangolar ve ark. (2018) Pozanti
kosullarinda yetistirilen Semillon ve Carignane Uziim
cesitlerinde kisintili sulamanin verim, kalite ve tag

KSso konusunda 9980 g omca?, ikinci yil ise TSioo
konusunda 5404 g omca™ elde etmislerdir. Yazar ve ark.
(2010), Cukurova kosullarinda Italia, Flame Seedless,
Alphonse Lavalle ve Ergin Cekirdeksiz sofralik (izim
cesitlerinde yaptiklari galismada su stresiyle verimin
azaldigini belirtmislerdir. Pudney ve McCarthy (2004) ise
uygulanan suyun artmasi ile verimin de arttigini ve tam
sulama ile yagisa adayali sulama uygulama arasinda %20
verim farki oldugunu bildirmislerdir. Balo ve ark. (2005)
sulama sularinin artmasina bagh olarak verimin, %12-55
oraninda arttigini belirtmiglerdir.

Arastirma yilinda konulara gore su kullanim (WUE) ve
sulama suyu kullanim randimani (IWUE) degerleri Cizelge
1’de verilmistir. Genel olarak uygulanan sulama suyu
arttikca WUE ve IWUE degerleri azalmistir. En yliksek
WUE degeri 6.11 kg m?3 ile yagisa dayali sulama
konusunda belirlenirken en diisik WUE degeri 3.99 kg m"
3 jle TS konusunda belirlenmistir. IWUE degerleri ise en
yiksek 3.06 kg m= ile PRDso konusunda belirlenirken en
disuk 2.30 kg m3 ile TS konusundan belirlenmistir. Su
tasarrufu acisindan PRDsp konusunun birim suyu daha
etkin kullandig1 séylenebilir. Duraktekin ve ark. (2017)
Tarsus kosullarinda Yalova incisi izim cesidinde en
yiksek WUE degerinin PRD7s konusundan 6.8 kg m3
oldugunu belirtmistir. Topuz ve Dagdelen (2017)
yaptiklari ¢alismada WUE degerleri 2.99-3.99 kg m?3
arasinda degismistir. Sener ve ilhan (1992) IWUE 11.2 kg
m3; diger taraftan Manisa kosullarinda Unal (2008)
IWUE ve WUE degerlerini sirasiyla 10.65-22.77 kg m3 ile
8.65-15.03 kg m3 arasinda degistigini belirtmislerdir.
Deneme yilinda sulama konularinda belirlenen bitki su
tiketimi (ET) ile verim (Y) arasindaki iliskiler Sekil 2’ de
verilmistir. Anilan sekilde de goéruldigi gibi bitki su
tiketimi ile verim arasinda Y= -0.025ET?+57.43ET+3140

gelisimi Uzerine etkilerinin belirledikleri calismalarinda (r’= 0.978**) ikinci dereceden &nemli iliskiler
Semillon cesidinde KSsp konusunda ortalama 5489 g belirlenmistir.
omca’, Carighane cesidinde ise ilk yil en yiiksek verim
40000 -
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Sekil 2. Mevsimlik bitki su tiiketimi ile verim arasindaki iliski
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Sekil 4. Verim tepki etmeni (ky)

Bozkurt Colak (2010), yaptigi arastirmada Italia ¢esidinde
her iki yilda ikinci dereceden iliskiler saptanirken; Flame
Seedless cesidinde ilk yil dogrusal, son yil ise ikinci

dereceden iliskiler elde edilmistir. Bu farkliliklarin
deneme vyillarinda ortam ve toprak-su kosullarinin
farkhiligindan, cesitlerin  fizyolojik ve morfolojik
ozelliklerinin ~ farkli  olmasindan  kaynaklandigini

belirtmistir. Topuz ve Dagdalen (2017) bitki su tiiketimi
ve verim arasinda her iki sulama araligi (3 glin ve 6 giin)
icin istatistiksel olarak ikinci dereceden dnemli iliskiler
belirlemiglerdir. Unal (2008), Agar ve ark. (2010) ve Yazar
ve ark. (2010) su—verim arasinda elde edilen bulgular ile
bu c¢alismadan elde edilen bulgular benzerlik
gostermektedir.

Deneme yilinda sulama konularinda belirlenen sulama
suyuile verim (Y) arasindaki iliskiler Sekil 3’ de verilmistir.
Anilan sekilde de goruldigi gibi sulama suyu ile verim
arasinda Y= -0.01611?+34.531+17798 (r?>= 0.98**) ikinci
dereceden 6nemli iliskiler belirlenmistir.

Bitkisel verim ile su tiketimi (evapotranspirasyon) veya
sulama suyu arasindaki iliskiler, bitki Gretim fonksiyonlari
olarak adlandirilir. Son yillarda builiskileri belirlemek icin
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bircok model gelistirilmistir. Bunlar icerisinde Stewart
esitligi en yaygin kullanilan modellerden birisidir. Bu
model oransal su tlketimi eksikligi ile oransal verim
azalsi arasindaki iliskiye dayanmaktadir. Arastirmada
Stewart esitligine dayanarak verim tepki etmeni (ky)
hesaplanmis ve Sekil 4’de gosterilmistir. Arastirma
yiinda ky degeri 0.64 olarak belirlenmistir. Topuz ve
Dagdalen (2017) bitki su tiiketimi ve verim arasindaki
iliskileri arastirmak amaciyla ayrica oransal su tiiketimi
acigl ile oransal verim azalisindaki degisimi incelemisler.
Bu amagla yaptiklari ¢calismada 3 giinlik sulama aralig
icin verim azalma oranini (ky) 0.69; 6 glnlik sulama
araligl icin verim azalma oranini (ky) 0.58 olarak
belirlemislerdir.

Cukurova Bolgesinde yetistirilen Royal sofralik Gzim
cesidinde damla sulama yontemiyle uygulanan farkh
kisintili sulama rejimlerinin su verim iliskilerine etkilerini
saptamak amaciyla elde edilen sonuglar isiginda su
oneriler yapilabilir.

Arastirma yilinda en yiksek verim tam sulama (TS)
konusundan alinmistir. Bu konuda sulamalarda kok
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bolgesindeki eksik nemin tarla kapasitesine getirilmesi
gerekmektedir. Uygulanan sulama suyu miktari arttik¢a
verim de artis gostermistir. TS konusunu PRD7s ve KSys
konusu izlemistir. Kisintili PRD;s konusu TS konusuna
gore sudan %25 tasarruf saglarken verimde %4.03
oraninda bir azalma gorilmustir. Kisintili sulama ile PRD
uygulamalari kiyaslandiginda PRD konularinda elde
edilen verimlerin geleneksel kisintili sulamalara goére
daha vyiksek oldugu goriilmustir. Genel olarak
uygulanan sulama suyu arttikca WUE ve IWUE degerleri
azalmistir. En yiksek IWUE degeri PRDsp konusundan
alinmigtir. Bitki su tliketimi degerleri ile Gzim verimleri
arasinda ikinci dereceden istatistiksel yonden onemli
(polinomiyal) (P< 0.01) bir iliski belirlenmistir. Verim
tepki etmeni ky 0.64 olarak belirlenmistir. Sonug olarak,
bagin topraktaki nem eksikligine duyarl bir bitki oldugu,
ylksek yas tGizim verimi ve kaliteli meyve elde etmek icin
yetistirme mevsimi boyunca sulama suyu ihtiyacinin tam
karsilanmasi gerekmektedir. Ancak su kisintisi s6z
konusu oldugunda PRD uygulamasinin da bag
sulamasinda uygun bir sulama stratejisi olabilecegi
sonucuna varilmistir.

OzET

Amag: Bu arastirma Gukurova kosullarinda damla sulama
yontemiyle uygulanan farkl kisintili sulama rejimlerinin
Royal sofralik Uziim g¢esidinde su-verim iliskilerine
etklerini saptamak amaciyla 2012 yilinda C.U. Ziraat
Fakiltesi Bagcilik Arastirma alaninda yiritilmastir.

Yéntem ve Bulgular: Bu Calismada, alti farkh sulama
konusu (TS: bir haftalik sulama araliginda 80 cm’lik
toprak profilindeki eksik nemin tarla kapasitesine
getirildigi tam sulama konusu; KS;s: TS konusuna
uygulanan suyun %75’inin verildigi kisintih  sulama
konusu; KSso: TS konusuna uygulanan suyun yarisinin
verildigi kisintili sulama konusu; PRDso: TS konusuna
verilen suyun %50Q’sinin alternatif olarak bir lateralden
uygulandigi yari islatmali sulama konusu; PRDzs: TS
konusuna verilen suyun %75’inin alternatif olarak bir
lateralden uygulandigi yari islatmali sulama konusi; RF:
Yagisa dayali sulama konusu) ele alinmistir. Sulama
araligi 7 glin olarak alinmistir. Arastirma tesaduf bloklari
deneme desenine gore (¢ vyinelemeli olarak
ylratidlmustar. Sulama diizeylerinin omca verimi lizerine
etkileri istatistiksel olarak %1 dizeyinde 06nemli
bulunurken en yiiksek verim TS konusunda 33.4t hal, en
disiik verim sulanmayan tanik konuda 17.9 t ha olarak
belirlenmistir. En yliksek mevsimlik bitki su tiiketimi (ET)
TS konusunda 837 mm, en diisiik mevsimlik su tiketimi
RF konusunda 293 mm olarak hesaplanmistir. Omca
verimi (Y) ile sulama suyu (l) arasinda Y= -
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0.0161%+34.531+17798 (r’= 0.980**) ve omca verimi ile
ET arasinda Y= -0.025ET?+57.43ET+3140 (r’= 0.978**)
ikinci dereceden 6nemli iliskiler belirlenmistir. En ylksek
su kullanim randimani (WUE) RF konusunda 6.11 kg m?3,
en dusik WUE ise TS konusunda 3.99 kg m?3
hesaplanmistir. belirlenmistir.

Genel Yorum: Royal sofralik Uzim cesidinde PRD
uygulamalarinin tam sulamaya gore su tasarrufu
sagladigl bag sulamasinda uygun bir sulama stratejisi
olabilecegi tespit edilmigtir.

Calismanin Onemi ve Etkisi: Akdeniz Boélgesinde bag
yetistiricili§inde  “sulama  yapmadan”  uygulanan
yetistirme aliskanliklarindan Ureticilerin  vazgegmeleri
slrdurulebilir tarim agisindan son derece 6nemlidir.
Anahtar Kelimeler: Asma, damla sulama, su kullanma
randimani, su verim iliskisi.
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Determination of nitrogen usage efficiency of eggplant plant different irrigated levels by

surface and sub-surface drip irrigation in Cukurova conditions

Cukurova kosullarinda ylzeyusti ve ylizeyalti damla sulama yontemiyle farkli su diizeylerinde sulanan
patlican bitkisinin azot kullanim randimaninin belirlenmesi
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Aims: The aim of this study was to determine the efficiency of water and
fertilizer usage in eggplant plants irrigated at different levels by surface
and subsurface drip irrigation system under Cukurova conditions.
Methods and Results: In the study, two irrigation intervals (SA3: 3-day and
SA6: 6-day ) and four irrigation levels (TS: Full irrigation, KS50: deficit
irrigation, KS75:deficit irrigation, and PRD50: Partial Root-Zone Drying)
were tested. From the data obtained from the two-year trial (2014-2015),
the highest nitrogen usage efficiency (28.3%) was obtained from the full
surface drip irrigation of the surface drip irrigation system within 3 days,
while the lowest nitrogen usage efficiency (9.7%) was obtained from the
PRD50 in the 6-day irrigation interval of the subsurface drip irrigation
system.

Conclusions: Higher nitrogen use efficiency values were determined for
eggplants irrigated by surface drip irrigation system compared to those
irrigated by subsurface drip irrigation system. While the maximum
nitrogen utilization efficiency values were obtained from the 3-day
irrigation subjects where frequent irrigation was performed in both
irrigation methods, nitrogen utilization efficiency values increased as the
amount of irrigation water applied in both irrigation methods increased.
Significance and Impact of the Study: It was determined that fertilization
applications in open eggplant cultivation in Cukurova Region contributed
to the importance of agriculture and the local farmers.

Atif / Citation: Gonen E, Tanriverdi C, Bozkurt Colak Y, Yazar A, Ozfidaner M (2019) Determination of nitrogen usage efficiency
of eggplant plant different irrigated levels by surface and sub-surface drip irrigation in Cukurova conditions.
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GIRIS

Bitkinin gereksinimi karsilamak icin glibre yonetimi bitki
yetistiriciligini etkileyen en dnemli faktérlerden biridir.
Glbrelemenin yanlis yonetilmesi topraklarin ve yeralt
suyunun kirlenmesine yol acar ve topraklarin
tuzlanmasini azaltmak uzun yillar alan, zor ve maliyetli
calismalar gerektirmektedir (Oliveira ve ark., 2014).

Gibrelemede en ¢ok kullanilan besinlerden biri olan azot
(N) toprakta yuksek hareket kabiliyetine sahiptir. Azot
verimdeki artisla ilgili temel besinler arasinda ve bitki
veriminde ve blylmesinde temel bir rol oynadigi icin
oldukga 6nemli bir besin elementidirir (Aminifard ve ark.,
2010). Azot vyapisal fonksiyonlardan sorumludur ve
proteinler, prolin ve amino asitler gibi bitki icin hayati
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onem taslyan cesitli organik bilesiklere katilmaktadir
(Amiri ve ark., 2012).

Damla sulama sistemi ile yapilan sebze tGretiminde nemli
bolgede bitki koklerinin yogunlasmasi, koklerin yeterince
yayihm saglayamadigindan ihtiya¢ duyulan bitki besin
elementlerini kritik dénemlerde sik araliklarla sulama ve
glibreleme  vyaparak  saglanmasi  gerekmektedir
(Mikkelsen, 1989; Kohzushka ve Romanets, 1994; Qasim
ve ark., 2008; Feleafel ve Mirdad; 2013).

YizeyuUstl ve ylizeyalti damla sulama sistemi, glibrenin
sulama suyu ile birlikte uygulanmasina (fertigasyon)
olanak saglamasi gibi avantajlari olan modern sulama
teknikleri arasinda yer almaktadir (Benli, 2002). Damla
sulama yontemleriyle kok bolgesine besin
elementlerinin tam ve esit verilmesi saglanmakta, enerji
ve is glcl kazanimi artmakta, bitkilerin Gst kisimlari
islatilmadigi icin hastaliklarla miicadele kolaylasmakta ve
fertigasyonla uygulanan gilbrelerin bitkinin ihtiyag
duydugu zaman ve miktarda verilmesi ile glibre kullanim
randimani diger sulama yodntemlerine gére % 20-50
arasinda artmaktadir (Kumari ve Kaushal, 2014). Ayrica
fertigasyon ile su ve glibre daha verimli kullanildigindan,
derine sizma olmamasi nedeniyle minimum N kaybi
yasanmakta i ve uygulama maliyetinde tasarruf
saglanabilmektedir (Solaimalai ve ark., 2005). Kaushal ve
ark. (2012), damla sulama sisteminin su kullanim

Cizelge 1. Arastirma alani topraklarinin bazi 6zellikleri

verimliligini % 60-200 artirdigini, (% 20-60 arasinda su
tasarrufu yaptigini), glibreleme ihtiyacint % 20-33
arasinda azalttigin) ve  verimi % 7-25 arasinda
arttirdigini bildirmislerdir. Fertigasyon sikhginin patlican
verimi, bitki gelisimi ve meyve kalitesi lizerine etkilerinin
oldugu bircok arastirmaci tarafindan bildirilmistir
(Shashidhara, 2006; Abou El-Yazied, 2007; Akanbi ve
ark., 2010; Felafel ve Mirdad; 2013).

Ulkemizde, baslangicta Akdeniz ve Ege Bélgesinde
ortlalti yetistiricilikte kullanilmaya baslanan fertigasyon,
glinimizde diger bolgelerde de basta bag-bahce ve sis
bitkileri olmak {zere tarla tariminda da yaygin bir
kullanim alani bulmustur. Bu arastirmada Cukurova
kosullarinda vylzeylsti ve vyiizeyalti damla sulama
yontemiyle farkl dizeylerde sulanan patlican bitkisinin
azot kullanim randimaninin belirlenmesi amacglanmistir.

MATERYAL ve YONTEM

Bu arastirma 2013-2014 yillarinda Alata Bahge Kiiltiirleri
Arastirma istasyonu Madarlagd’nin Tarsus
Lokasyonu’nda yuritilmastiir. Arastirma alanina ait
topraklarin  bazi 6zellikleri Cizelge 1'de verilmistir.
Arastirma alani topraklarinin profil boyunca 0-20 cm’si
kil blinyeye sahip olup diger katmanlarin ise siltli kil
binye sinifinda oldugu belirlenmistir.

Katman Derinligi Biinye Sinifi Tarla Kapasitesi  Solma Noktasi Hacim Agirligi pH EC
(cm) (g8™) (s8™) (g cm?) ds m?
0-20 C 29.92 19.14 1.30 7.91 0.914
20-40 SiC 29.77 18.95 1.40 7.97 0.976
40-60 SiC 29.64 19.09 1.42 8.08 1.028
60-90 SiC 29.40 19.71 1.45 8.11 0.995

Arastirmada bitkisel materyal olarak bdlgede yogun
miktarda yetistiriciligi yapilan, agik tarla yetistiriciligine
uygun, bitki yapisi glgli, yiksek verimli, silindirik ve
kaliksi dikensiz Anamur Karasi (Anamur RZ F1) patlican
(Solanum Melongena L.) ¢esidi kullaniimistir.

Arastirmada iki farkhi sulama yéntemi (YU: Yizeyisti
damla sulama ve YA: Ylizeyalti damla sulama), iki farkli
sulama arahgi (SA3: 3 giinde bir 60 cm’deki eksik nemin
tarla kapasitesine tamamlanmasi ve SA6: 6 giinde bir 60
cm’deki eksik nemin tarla kapasitesine tamamlanmasi)
ve dort farkli sulama diizeyi (TS: Her iki sulama araliginda
60 cm’lik toprak profilindeki eksik nemin tarla
kapasitesine getirildigi tam sulama konusu; KSso: TS
konusuna uygulanan suyun vyarisinin verildigi kisintili
sulama konusu; KSzs: TS konusuna uygulanan suyun
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%75’inin verildigi kisintili sulama konusu ve PRDsg: Her
bir sulamada TS konusuna verilen suyun vyarisinin
donlstimli olarak bir lateralden uygulandigi konu yari
islatmali  konu) ele alhnmistir. Deneme tesadif
bloklarinda bodlinen boélinmiis parseller deneme
desenine goére dort yinelemeli olarak ylritilmustar.
Parsel boyu 10 m, eni 5.4 m olarak yerlestirilmistir. Her
bir parsel 6 bitki sirasi icermistir.

Arastirma vyillari icerisinde gerceklestirilen agronomik
uygulamalar Cizelge 2’de 6zetlenmistir. Patlican fideleri
deneme parsellerine dikilmeden hemen 6nce tim
parsellere 0.05 t ha® N; 5 kg P,Os; ve 5 kg K 15-15-15
kompoze glbresi bitki siralarinda banda verilmis ve
topraga karistirlmistir. Dikimden (¢ hafta sonra
baslamak Uzere geriye kalan N miktari parsellere her 6
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ginlik sulamalarda bir fertigasyonla uygulanmis ve
verilen N miktar uygulama siresinde 0.16 t ha
uygulanmustir.

Patlican ¢esidi olarak bolgede yaygin olarak tercih edilen
Anamur karasi tercih edilmistir. Bitkiler sira arasi 90 sira
Uzeri ise 70 cm araliklarla dikim yapilmistir. Dikim
tarihleri 2013 ve 2014 yillarinda sirasiyla 6 Mayis ve 14
Nisan tarihlerinde yapilmigtir. Son hasat tarihleri ise
sirastyla 5 Agustos ve 25 Temmuz tarihlerinde
yapilmistir.

Arastirmada ylizeylsti ve vyilzeyaltt damla sulama
sistemi  kullanilmigtir.  Ylzeylsti damla sulama
sisteminde lateraller 16 mm ¢apinda olup Uzerinde 20
cm araliklarla igten gegik (in-line) damlaticilari igermistir.
Damlatici debisi 100 kPa isletme basincinda 1.6 L h™dir.
Yiizeyalti damla sulama sisteminde lateraller toprak
ylzeyinin 25 cm altina yerlestirilmistir. Ylzeyalti damla
sulama sisteminde antisifon Ozellige sahip 20 mm
capinda lateraller, damlatici araligi 30 cm ve debisi 2.3 L
h? olan icten damlaticilar kullanilmistir. Lateraller; her
bitki sirasina bir lateral, yari 1slatmali (PRD) konusunda
ise her bitki sirasinin sagina ve soluna gelecek sekilde
yerlestirilmistir.

Parselin blyikligine gore M veya N harfi gizilecek
sekilde yaprak o©rnekleri alinmis. Patlicanlarin birinci
doldeki meyveler kendini gostermeye basladigl zaman
blylime tepesine en yakin normal iriligini almis
gelismesini tamamlamis geng¢ yapraklar alinmistir. Bir
bitkiden 1-2 yaprak olmak lizere toplam 122 yaprak
alinmistir. Alinan yaprak 6rnekleri 50.1’lik teopollii su ile
temizlenip, 3-4 defa saf sudan gegcirildikten sonra
kurutma ve 06glitme islemleri uygulanarak Modifiye
Kjeldahl yontemine goére N degerleri belirlenmistir
(Kacar, 1972).

Yapraktaki azot kullanim randimanini belirlemek icin
hasat déneminde alinan yapraklar musluk suyu + saf su
ile yikanip 70°C'de sabit agirliga gelinceye kadar
kurutulmus ve kuru agirliklari bulunmus ve daha sonra
kurutulan yapraklar 6gttilerek N icerikleri belirlenmistir
(Kacar ve inal 2008).

N alimi; bitki kuru agirhgi ile bitki N icerigi carpimi ile
hesaplanmistir. Sulama konularinda azottan yararlanma
orani; uygulanan N dozunun topraktan kaldirilan N
dozuna bolinmesiyle asagida verilen Es. 1, Es. 2 ve Es. 3
yardimiyla hesaplanmistir (Erdal ve ark., 2006).

NTA=KAxNk (Es. 1)
NGA = NPA —NKPA (Es. 2)
GYO= NGA x 100/NGU (Es. 3)
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Esitliklerde; “NTA” topraktan alinan (kaldirilan) N miktari
(kg dal), “KA” kuru agirhk (kg da?l), “Nk” N
konsantrasyonu (%), “NGA” giibreden N alimi (kg da);
“NPA” parselden (gubreli) alinan N (kg da™), “NKPA”
kontrol parselinden alinan N (kg da), “GYO” giibreden
yararlanma orani (%), “NGA” giibreden alinan N (kg da)
“NGU” glibre ile uygulanan N (kg da) miktarlarini temsil
etmektedir.

Deneme konularina iliskin derlenen verilerin istatistiksel
analizlerinde JUMP 5.0 istatistik paket programi
kullanilmistir.  Ortalamalarin  karsilastirilmasinda LSD
yontemi uygulanmustir.

BULGULAR ve TARTISMA

Patlican yetistiricliginde su yonetimi, bitki gelisiminin
tiim asamalarinda son derece 6nemlidir. Arastirmanin ilk
yiinda vylzeylsti ve ylzeyalti damla sulama
sistemlerinde sulama araliginin 3 gin oldugu konulara
2’si esit 22’si konulu sulama olmak lizere toplam 24 adet
sulama uygulamasi yapilirken sulama araliginin 6 giin
oldugu konulara da 2’si esit 11’l konulu sulama olmak
Uzere toplam 13 adet sulama uygulamasi yapilmistir.
Yiizeyiisti damla sulama sisteminde 3 giin (YUSA3)
konusuna uygulanan toplam sulama suyu miktarlari 268-
495 mm, ylizeylsti damla sulama sisteminde 6 giin
(YUSAs) konusuna uygulanan toplam sulama suyu
miktarlari 243-446 mm, vylzeyaltt damla sulama
sisteminde 3 glin (YASA;) konusuna uygulanan toplam
sulama suyu miktarlari 245-450 mm ve yiizeyalti damla
sulama sisteminde 6 giin (YASAg) konusuna uygulanan
toplam sulama suyu miktarlari 228-414 mm arasinda
degismistir. Arastirmanin ikinci yilinda ylzeylsti ve
ylzeyalti damla sulama sistemlerinde sulama araliginin 3
gln oldugu konulara 4 esit ve 16 konulu sulama olmak
Uzere toplam 20 sulama uygulamasi yapilmistir. Sulama
araliginin 6 giin oldugu konulara ise 4 esit ve 8 konulu
sulama olmak Uzere toplam 12 sulama uygulamasi
yapilmistir. Yiizeylstli damla sulama sisteminde 3 gilin
(YUSA3) konusuna uygulanan toplam sulama suyu
miktarlari 253-444 mm, yiizeyiistii damla 6 giin (YUSAg)
konusuna uygulanan toplam sulama suyu miktarlari 229-
396 mm, ylizeyalti damla sulama sisteminde 3 giin
(YASA;) konusuna uygulanan toplam sulama suyu
miktarlari 240-418 mm ve ylizeyalti damla sulama
sisteminde 6 glin (YASAs) konusuna uygulanan toplam
sulama suyu miktarlari ise 216-369 mm arasinda
degismistir. Sulama araliginin 6 giin oldugu konulara
uygulanan sulama suyu miktari 3-giin sulama araliginda
sulanan konulara gore bir miktar daha az olmustur.

Arastirma yillarina iliskin ylzeyusti ve tylizeyalti damla
sulama yontemlerinden elde edilen azot kullanim
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randimani degerlerine iliskin grafik Sekil 1 ve Sekil 2’de
verilmistir. Anilan sekiller incelendiginde arastirmanin
her iki deneme yilinda da, ylzeyisti damla sulama
sistemiyle sulanan patlicanlar igin ylzeyalti damla
sulama sistemiyle sulananlara gore daha yliksek azot
kullanim randimani degerleri belirlenmistir. Her iki

sulama yonteminde sik sulamalarin yapildigi 3 giin
sulama konularindan maksimum azot kulanim randimani
degerleri elde edilirken, her iki sulama yonteminde de
uygulanan sulama suyu miktari arttikca azot kulanim
randimani degerleri artmigtir.
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Sekil 1. YlizeyUstu ve ylizeyalti damla sulama konularina iliskin patlican bitkisinin azot kullanim randimani (2013)
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Sekil 2. YlizeyUstU ve ylizeyalti damla sulama konularina iliskin azot kullanim randimani (2014)

Arastirmanin ilk yilinda azot kullanim randimanina iliskin
degerlerin varyans analizine gore sulama
yontemi*sulama araligi*sulama diizeyleri interaksiyonu
istatistiksel olarak %1 hata dlzeyinde 6nemli farkhliklar
belirlenmis ve LSD gruplandirmasi Cizelge 2'de
verilmistir. Patlican bitkisinin ortalama azot kullanim
randimani degerleri YUSAs; konusunda %11.7-28.3,
YUSAs konusunda %11-17.8, YASAs konusunda %10.1-
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20.1, YASAs konusunda %9.7-16.1 arasinda degismistir.
En ylksek azot kullanim randimani (%28.3) yizeyusti
damla sulama sisteminin 3 giin sulama araligindaki tam
sulama konusundan elde edilirken (YUSA3TS), en diisiik
azot kullanim randimani (%9.7) ylizeyalti damla sulama
sisteminin 6 ginliik sulama araligindaki yari islatmal
(YASAsPRDso) konusundan elde edilmistir.
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Cizelge 2. Yiizeyustl ve ylizeyalti damla sulama yontemlerinin farkli sulama araligl ve sulama diizeylerinin ortalama

patlican azot kullanim etkinligi LSD gruplandirmasi.

Sulama y6ntemi Sulama araligi

Sulama konular Azot kullanim randimani (%)

3 Gun
Ylzeylisti damla sulama

6 Gln

3 Gun
Yiuzeyalti damla sulama

6 Gln

TS 28.3a
KS7s 15.7 de
KSso 13.9fg
PRDso 11.7 4
TS 17.8c
KS7s 14.8 ef
KSso 12.9 gh
PRDso 11.0 jk
TS 20.1b
KS7s 14.8 ef
KSso 12.7 hi
PRDso 10.1 kl
TS 16.1d
KS7s 13.5gh
KSso 11.4]
PRDso 9.7 1

CV(%)=5.4, LSD(0.05)= 1.1, P=0.0001**

Arastirmanin ikinci yilinda azot kullanim randimanina
iliskin degerlerin varyans analizine gore sulama araligi ve

sulama diizeylerinde istatistiksel olarak %1 hata
dizeyinde o6nemli farklihklar  belirlenmis, LSD
gruplandirmasi  Cizelge 3’de  verilmistir.  YUSAs

konusunda patlican ortalama azot kullanim randimani
degerleri %15-36, YUSAs konusunda %13-29, YASA;
konusunda %15-32, YASA¢ konusunda ise %12-27

arasinda degismistir. En yiiksek azot kullanim randimani
(%36) ylizeylstl damla sulama sisteminin 3 giin sulama
araligindaki tam sulama konusundan (YUSAsTS) elde
edilirken en dlstik azot kullanim randimani(%12)
ylzeyalti damla sulama sisteminin 6 glinlik sulama
araligindaki yari islatmali (YASAsPRDso) konusundan elde
edilmistir.

Cizelge 3. Sulama araligl, sulama dizeylerinde azot kulanim randimani LSD gruplandirmasi (2014)

Sulama Aralig

Sulama Diizeyleri

3 gun 2298 a

6 giin 19.38 b

TS 31.0a
KS7s 23.2b
KSso 17.1c
PRDso 13.4d

CV(%)= 7.5 LSD(0.05)=0.71 P=0.0001**

LSD(0.05)=1.13 P=0.0001**

Azot alimi toprakta suyun varligi ile ilgili olarak 6nemli
olclide degismektedir. Toprakta azot ve suyun birlikte
bulunmasi ile optimum verim alinabilmektedir. Yeterli
suyun bulunmadigi topraklara azot uygulanirsa ozmotik
basingla bitki 6z suyu gilibre tarafindan kullanilmakta ve
bitkiler 6lmektedir. Asiri sulama yapildigl zaman ise
uygulanmis olan azot bitki kok boélgesinden fazla su ile
birlikte yikanmaktadir (Martin ve ark., 1982). Sebze
Uretimi Gizerine yapilan ¢alismalarda dinamik fertigasyon
uygulamalarinin azot kullanim randimaninda 6nemli
artis sagladig gorilmistiir. Demirbas ve ark. (2019),
Cukurova Bolgesinde 2009-2010 vyillarinda biber
bitkisinde yaptiklari ¢alisma sonucunda elde edilen
bulgular verim degerleri agisindan; her 2 vyilda da
fertigasyon yontemiyle yetistirilen biber bitkisinin

veriminin geleneksel yonteme goére yetistirilen biber
bitkisinin verimine oranla oldukca yliksek oldugunu
bildirmislerdir.  Fertigasyon uygulamariyla sulama
suyunda (%30-50) azalma, daha fazla Grin verimi,
mevcut suyun maksimum kullanimi, daha az yabanci ot
gelisimi  ve vyiksek glibre kullanim randimani
saglanmaktadir (Cetin ve Akalp, 2019).

Arastirma sonuglarina gore ylzeyistli damla sulama
sistemiyle sulanan patlican bitkilerinin ylizeyalti damla
sulama sistemiyle sulanan patlican bitkilerine gore daha
yliksek azot kullanim randimani degerlerine ulastig
belirlenmistir. Her iki sulama sistemi icin 3 glin sulama
araligl konularinda maksimum azot kulanim randimani
degerleri elde edilirken, her iki sulama yonteminde de
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uygulanan sulama suyu miktari arttikca azot kulanim
randimani degerleri artmstir.

Bu konular YUSAs ve YASA; uygulanan sulama suyu
miktarlar ylizeylstli damla sisteminde ortalama 470
mm, ylzeyalti damla sulama sisteminde ise 434 mm
olmustur. Yiizeyalti damla sulama sisteminde ylizey
damlaya gore %7.6 oraninda daha az su uygulanmistir.
Yiizeylstli ve vyuzeyaltt damla sulama gibi modern
sulama teknikleri glibrenin sulama suyu ile birlikte
uygulanmasina (fertigasyon) olanak saglamasi ve bu
yontemlerle glbre kullanim randimaninin artmasi
Akdeniz Bolgesinde patlican yetistiriciliginde stirdirebilir
tarim agisindan son derece 6nemlidir. Ayrica su ve
gibrelerin kullanim etkinliginin artirilmasi, g¢evre ve
dogal kaynaklarin korunmasi agisindan énemli oldugu
kadar, insan sagligi icin de 6nemlidir.

OzZET

Amag: Bu arastirma Cukurova kosullarinda ylizeyusti ve
ylzeyalti damla sulama yoéntemiyle farkli dizeylerde
sulanan patlican bitkisinin azot kullanim randimaninin
belirlenmesi amaciyla yurattlmustar.

Yéntem ve Bulgular: Calismada iki farkh sulama aralig
(SA3: 3 giin ve SA6: 6 giin); dort farkh sulama diizeyi (TS:
tam sulama, KSso: kisintili sulama; KS7s: kisintili sulama ve
PRDso: Kismi kék kurulugu) konulari test edilmistir. iki yil
siren denemeden (2013-2014) elde edilen verilere gore
en yiksek azot kullanim randimani (%28.3) ylizeylsti
damla sulama sisteminin 3 giin sulama aralgindaki tam
sulama konusundan elde edilirken, en disik azot
kullanim randimani (%9.7) ise yizeyalti damla sulama
sisteminin 6 gunlik sulama araligindaki PRDsg
konusundan elde edilmistir.

Genel Yorum: Yiizeyisti damla sulama sistemiyle
sulanan patlican bitkilerinde ylzeyalti damla sulama
sistemiyle sulanan patlican bitkilerine gére daha yliksek
azot kullanim randimani degerleri belirlenmistir. Her iki
sulama yonteminde sik sulamalarin yapildigi 3 giin
sulama araligi konularindan maksimum azot kullanim
randimani degerleri elde edilirken, her iki sulama
yonteminde de uygulanan sulama suyu miktari arttik¢a
azot kulanim randimani degerleri artmistir

Calismanin Onemi ve Etkisi: Cukurova Bolgesinde acikta
patlican yetistiriciliginde fertigasyon uygulamalarinin
bolge ciftgisine ve tarima onemi katki sagladig
belirlenmistir.

Anahtar Kelimeler: Patlican, ylizeylisti damla sulama,
ylzeyalti damla sulama, kisintili sulama, azot kullanim
randimani.
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The effect of different irrigation programs on chlorophyl content in watermelon

Karpuzda farkli sulama programlarinin klorofil igerigine etkisi
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Aims: This study was carried out to determine effect of different irrigation
intervals and different irrigation levels on chlorophyll content (SPAD) of
watermelon irrigated with a trickle system in 2017 growing seasons at the
Alata Horticultural Research Institute, Tarsus Soil and Water Resources
Location.

Methods and Results: The cultivar Crimson Tide F1 was used in this
research. Experimental design is randomized blocks with three
replications. In the studies, the main issues from the three different
irrigation intervals (4, 8 and 12 days); six different irrigation levels (TS (full
irrigation): soil water deficit in the 90 cm within the four day intervals was
replenished to the field capacity; KS75:75% of the water given to the TS
subject, KSs0:50% of the water given to the TS subject, PRDioo: water
applied to full irrigation, laterals operated alternately PRD7s:in which 75%
of water applied to full irrigation, laterals operated alternately, PRDso:in
which 50% of water applied to full irrigation, laterals operated alternately
) created the sub-plots. The total amount of irrigation water applied to the
subjects varied between 150-300 mm and the evapotranspiration values
ranged between 379-486 mm. The effect of irrigation levels on yield was
found differrent statistically significant. Significant linear relationships
between chlorophyll content (SPAD) and vyield were determined.
Conclusions: As the applied irrigation water increased and irrigation
interval decreased, chlorophyll values increased. Watermelon should be
irrigated at chlorophyll content (SPAD) value between 54.00 for high yield.
Significance and Impact of the Study: With the data obtained at the end
of the project, it can be said that chlorophyll value can be used in irrigation
programming to determine water stress by determining the optimum
irrigation interval and irrigation application for watermelon.

Atif / Citation: Duraktekin G, Bozkurt Colak Y, Ozfidaner M, Baydar A, Gdnen E (2019) The effect of different irrigation
programs on chlorophyl content in watermelon. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :179-187

GiRiS

Tiirkiye 4.01 milyon ton karpuz tretim hacmi ile Cin’den
sonra 2. sirada yer almaktadir (Anonim, 2015). Yillk
karpuz lretiminde, Cukurova; 832 bin ton ile Tirkiye'de
ilk sirada olup Uretiminin yaklasik %89’u Cukurova
bolgesinde gerceklestirilmektedir (TUIK, 2017). Karpuz
bitkisinde vyetistiricilik, birim alana getirinin yiksek

olmasi nedeni ile genellikle ortiialtinda yapilmaktadir.
(TUIK, 2017).

Sebze tariminda 6nemli bir yere sahip olan karpuz bitkisi
susuzluktan olumsuz etkilenmektedir. Karpuzun gelisme
hizinin yiksek, yetisme doéneminin kisa olmasi ve
meyvede % 90-92 oraninda su bulunmasi nedeniyle
ylksek verim diizeyine ulasmak i¢in, sulanmasi gerektigi
bilinmektedir (Miller, 2002). Karpuz, gelisim dénemi
boyunca fazla buharlasma ve disik yagis nedeniyle sik
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sulanmaya gereksinim duymaktadir (Doorenbos ve
Kassam, 1979). Bunun icin, en uygun yontemlerden
birinin damla sulama oldugu savunulmaktadir (Srinavas
ve ark., 1991; El-Beheidi ve ark., 1990).

Damla sulama sistemlerinde su uygulama
randimanlarinin %90-95 olmasi, bitkilerin su kullanim
etkinligini arttirmasi, surdirilebilir tarim icin temel
kosullardan biri olarak ele alinmasi gerekliligini ortaya
koymaktadir. Kisintili ve yari islatmali (PRD) sulama,
gerekenden daha az su uygulayarak mevcut su kaynagi
ile daha genis alanlarin sulanmasina olanak saglayan
isletme bigimidir.

Sulama programlamasi bitkiyi, topragi ve iklim verilerini
kapsamaktadir. Bu sebeple bitkilerde fizyolojik
faaliyetler hem toprak hem de cevre kosullarinin etkisi
altindadir. Topraktaki nemin azalmasi ile bitkiler strese
girmekte, bunun sonucunda baz fizyolojik olusumlar
bozulmakta ve verimde dislsler meydana gelmektedir.
Bu nedenle sulama zamaninin belirlenmesinde toprak

suyu  eksiliginden  ¢ok  bitki-su  eksikliginden
yararlanilmasi 6nerilmektedir. Bu amagla bitkiye dayal
yontemler kullanilarak sulama zamanli

belirlenebilmektedir. Bu yontemlerden biri olan SPAD,
kirmizi (yaklasik 660 nm) ve yakin infrared (yaklasik 940
nm) gibi iki dalga boyunda yapraga iletilen 1s1ga, bu dalga
boylarindaki absorbe edilen 1si8in farkindan klorofil
miktarini 6lgme yontemine dayanan bir sistemdir.
Fotosentez olayinda en aktif gbrev yapan pigment
klorofildir. Bitki fizyolojisi acisindan klorofil gerekli bir
indikatordir. Yapraklarda klorofil miktarinin fazla olmasi
ile yapraklarda daha fazla 1sik tutulmaktadir. Bu durum
ise direk fotosentez miktarini etkilemektedir. Ayni
zamanda yaprak klorofil miktari ile yapraktaki besin
durumu da dolayli olarak tahmin edilebilmektedir
(Penuelas ve ark., 1995).

Yaprak klorofil miktari, bitkinin yasindan ve bitkide
meydana gelen stres durumlarindan direk olarak
etkilenmektedir (Hendry ve ark., 1987). Yaprak klorofil
icerigini belirlemede kullanilan geleneksel yontemler
zaman alici ve zahmetli oldugu i¢in klorofilmetre (SPAD)
cihazi gibi yapraktaki nisbi klorofil icerigini hizli ve kolay
bir bicimde olcebilen cihazlar kullaniimaktadir (Li ve ark.,
2014).

Fotovat ve ark. (2007), bugdayda su kullanim etkinligi ve
klorofil miktari (SPAD) arasindaki iliskiyi arastirmislar ve
su kullanim etkinligi fazla olan bitkilerin klorofil
iceriklerinin, normal kosullarda ve stres kosullarindaki
diger bitkilerden daha fazla oldugunu saptamiglardir.

Bu ¢alismayla damla sulama ile sulanan karpuz bitkisinde
farkl sulama araliklari ve farkli sulama dizeylerinin

klorofil  icerigine  (SPAD) etkisinin  belirlemesi
amaclanmistir.
MATERYAL ve YONTEM

Arastirma 2017 yilinda, Asagl Seyhan Sulama Alaninin
Tarsus Ovasl kisminda ve Tarsus’un yaklasik 10 km
glineydogusunda yer alan Alata Bahcge Kiltirleri
Arastirma Enstitisi  MudarlGgi  (ABKAEM), Tarsus
Toprak ve Su Kaynaklari Lokasyonu Merkez isletmesinde
ylritilmustir. Deneme yeri, 36° 89" kuzey enlemi ile 35°
96’ dogu boylamlarinda ve denizden 12 m yukseklikte
bulunmaktadir.

Arastirmanin yuritildigu donemlerdeki iklim verileri
enstitide yer alan meteroloji istasyonundan alinmistir.
Denemenin ylrutildigi 2017 yilina ait yagis degerleri ve
uzun yillik ortalama yagis degerleri (1952-2017 vyillari)
Cizelge 1’de verilmistir. Bitki bliylime mevsimi siiresince
(21 Mart- 21 Haziran) toplam yagis miktari 122.6 mm dir.

Cizelge 1. ABKAEM Tarsus Toprak ve Su Kaynaklari Subesi meteoroloji istasyonu uzun yillik ve 2017 yili iklim verileri

il iklim Parametreleri Aylar
Mart Nisan Mayis Haziran
Max Sicaklik, °C 18.5 24.1 22.7 27.7
Min Sicaklk, °C 10.9 13.6 17.5 21.0
2017 Ortalama Sicaklik, °C 14.2 17.6 20.5 24.7
Yagis, mm 140.8 103.8 14.8 2.2
Buharlasma, mm 75.5 128.3 153.8 173.0
Oransal Nem, % 67.6 64.9 73.3 75.3
Max Sicaklik, °C 20.0 24.3 28.0 31.1
Min Sicaklk, °C 6.7 10.4 14.6 18.5
Uzun Yillik Ortalama Sicaklik, °C 12.7 16.8 20.9 24.5
(1952-2017) Yagig, mm 59.2 38.3 30.5 11.4
Buharlasma, mm 89.3 120.1 167.3 199.2
Oransal Nem, % 69.8 71.2 71.0 71.8
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Cizelge 2. Deneme yeri topraklarinin baz fiziksel 6zellikleri

Solma
Derinlik . .10,y Noktas Hacim Agirhigi  Kil Silt Kum ..
(cm) Tarla Kapasitesi (%) (%) (g cm?) (%) (%) (%) Biinye Sinifi
0-30 29.54 18.99 1.35 36.0 42.1 21.9 CL
30-60 29.71 19.02 141 38.2 42.3 19.5 SICL
60-90 29.40 19.71 1.45 33.6 45.9 20.5 CL
90-120 30.06 18.03 1.38 29.3 45.8 25.0 CL
Gizelge 3. Deneme yeri topraklarinin kimyasal 6zellikleri
Yarayigli i
. EC Kirec Organik
Derinlik (cm) (ds m) pH (%) P20s K20 Madde
m ’ (kgda™) (kegda™) (%)
0-30 0.550 7.67 27.63 3.1 116.00 1.12
30-60 0.905 7.60 27.95 1.8 71.31 0.66
60-90 0.494 7.69 32.18 1.4 34.21 0.51
90-120 0.512 7.80 36.08 0.5 24.33 0.44

Arastirma alanina ait topraklarin bazi fiziksel ve kimyasal
ozellikleri Cizelge 2 ve Cizelge 3’de verilmistir. Toprak
pH’si hafif alkali, 0-30, 60-90, 90-120 cm derinlikte killi-
tinli, 30-60 cm derinlikde siltli killi tinli biinyeye sahip,
fazla kiregli, tuzsuz, potasyum igerigi yeterli, organik
madde ve fosfor icerigi c¢ok azdir. 90 cm profil
derinligindeki kullanilabilir su miktari 130 mm’dir. Tarla
kapasitesi ve solma noktasi su icerikleri 90 cm derinlik
icin 373 ve 243 mm olarak belirlenmistir.

Bu c¢alismada, Cukurova bodlgesinde vyaygin olarak
yetistiriciligi yapilan Maximus anacina asili Crimson Tide
F1 karpuz ¢esidi kullaniimustir.

Deneme yilinda uygulamalara baslamadan 6nce deneme
alani topragl sonbaharda derin islenmistir. Fide
dikiminden 1-2 ay once merdaneli diskli tirmik ve
kiltavator ile strim yapilmistir. Toprak bir middet
havalandiktan sonra sirt yapma aleti ile seddeler
olusturulmus, parselasyon islemi yapilmis, sulama
sistemi dosenmis, sirtlar siyah polietilen malg ile
kaplanmis ve fide dikimine hazir hale getirilmistir. Fideler
21.03.2017 tarihinde sira arasi 280 cm, sira tzeri 100 cm
olacak sekilde parsellere dikilmistir. Her bir parselde 4
bitki sirasi, her sirada ise 10 bitki yer almistir. Herbir
parselin boyu 10 m, genisligi 11.2 m, parsel alan1 112 m2
dir. Fidelerin dikim islemleri tamamlandiktan hemen
sonra bitkiler alcak tlinel altina alinarak can sulari
verilmistir. Hava sicakhgl 25 °C’ye ulastiginda ortiler
tamamen kaldirilmistir.

Denemeye uygulanan glibre miktarlari saf madde olarak
14 kg da* N, 7 kg da™ P,0s, 7 kg da K,O’dur (Gl¢demir,
2006). Dikimden hemen 6nce fosforlu ve potasyumlu
glbrenin tamami, azotlu glbrenin de yarisi 15-15-15
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kompoze gibresi olarak verilmistir. Azotlu giibrenin
ikinci yarisi ise konulu sulamalar baslandigi zaman her (g

sulama araliginin ayni anda sulandig tarihlerde
fertigasyonla uygulanmistir.
Sulama uygulamalarinda damla sulama sistemi

kullaniimistir.  Sistemde damlatici araligi 40 cm ve
damlatici debisi ise 4 | h' olan basing kontrollii
damlaticilar  kullanilmigtir.  Arastirmada TS ve KS
konularinda her bitki sirasina bir lateral, PRD konularinda
ise her bitki sirasina cift lateral (her bitki sirasinin sagina
ve soluna gelecek sekilde bir lateral 80 cm araliklarla,
bitki sirasinin her iki yaninda 40 cm olacak sekilde)
yerlestirilmistir.

Karpuz hasadi, kulakgik ve stiligiin tamamiyla kurudugu,
kabuk renginin olgunluk parlakligina ulastigi ve meyve
sapinin inceldigi dénemlerde yapilmistir (Gindiz ve
Kara, 1996; Hurst, 2000). Hasat islemi 21.06.2017
tarihinde her bir parselde yer alan 4 bitki sirasindan
kenarlardan ikiser sira ve baslardan 1.0 m degerlendirme
disi birakilarak (2.8 m x 8 m) x 2= 44.8 m? alandaki
bitkilerde gerceklestirilmistir.

Calisma, tesadif bloklari boliinmis parseller deneme
desenine goére 3 tekrarlamali olarak toplamda 54
parselde yuaritilmustlr. Arastirmada, 3 farkli sulama
araligl ana parselleri, 6 farkli sulama diizeyi ise alt
parselleri olusturmustur.

Ana Konular (sulama araliklar); “SA,” 4 giin sulama
araligi ve 90 cm ‘deki eksik nem tarla kapasitesine
tamamlanmistir, “SAg” 8 gilin sulama araligi ve 90 cm
‘deki eksik nem tarla kapasitesine tamamlanmistir,
“SA1,” 12 gin sulama araligi ve 90 cm ‘deki eksik nem
tarla kapasitesine tamamlanmistir.
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Alt Konular (sulama diizeyleri); “tam sulama (TS)” her {i¢
sulama araliginda da 90 cm’lik toprak profilindeki eksik
nemin tarla kapasitesine getirildigi konu, “kisintili sulama
(KS75)” TS konusuna uygulanan suyun %75’inin verildigi
konu, “kisintili sulama (KSso)” TS konusuna uygulanan
suyun %50’sinin verildigi konu, “kismi koék kurulugu
(PRD100)” TS konusuna uygulanan su miktarinin her
sulamada ardisik olarak koklerin bir yarisini islatacak
sekilde uygulanan sulama konusu, “kismi kok kurulugu
(PRD7s)” TS konusuna uygulanan su miktarinin %75’inin
her sulamada ardisik olarak koklerin bir yarisini islatacak
sekilde uygulanan sulama konusu, “kismi kok kurulugu
(PRDso)” TS konusuna uygulanan su miktarinin %50’sinin
her sulamada ardisik olarak koklerin bir yarisini islatacak
sekilde wuygulanan sulama konusu olarak calisma
yaratdlmastar.

Tim deneme konularinda toprak nem gozlemleri 0-30
cm derinliginde gravimetrik yontemle, 30-120 cm
arasinda ise 30 cm’lik katmanlarda noétron yéntemiyle
her bir sulamadan 6nce yapilmis ve dikim tarihinden
hasada dek strdirtlmustir. Konulu sulamalara 90 cm
toprak derinliginde bulunan kullanilabilir suyun %50’si
tuketildiginde baslanmistir. Her bir sulamadan 6nce tam
sulama konularina uygulanan sulama suyu miktari Es.
1’den yararlanilarak belirlenmistir.
l=AxAsxP (Es. 1)
Esitlikte; “I”uygulanan sulama suyu miktari (mm), “A”
parsel alani (m?),“As” 90 cm toprak derinligindeki eksik
toprak nemi (mm) ifade etmektedir.

Bitki su tiketimi (ET), 120 cm toprak derinligindeki su
dengesi esasina gore hesaplanmistir. Su kullanim
randimani (WUE) ve sulama suyu kullanim randimanini
(IWUE) belirlemek amaciyla Howell ve ark., (1995)'nin
verdigi Es. 2 ve Es. 3 kullanilmustir.
WUE = Y/ET (Es. 2)
IWUE = Y/I (Es. 3)
Esitliklerde; “IWUE” sulama suyu kullanim randimani (kg
m3), “WUE” su kullanim randimani (kg m3), “Y” sulama
konularindan elde edilen verim (kg ha?), “I” sulama suyu
miktarini (mm), “ET” toplam su tiketimini (mm) ifade
etmektedir.

Deneme siiresince ortli ylzdesi izlenerek her sulama
dncesi belirlenmistir. Orti genisliginin sira arasi uzakliga
oranlanmasliyla ortl ylzdesi hesaplanmistir. Kisintih
sulama KS7s ve PRD7s konularina TS konusuna uygulanan
suyun %75’i, KSso ve PRDsp konusuna ise %50’si
uygulanmustir.
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Klorofil ~ o6lglimleri, tim konularda sulamalardan
once’’Minolta SPAD-502” portatif klorofilmetre cihazi ile
OlgUlmuistlr. Bu amagla giin ortasinda (12:00-14:00), her
parselde tam gelismis, glinese bakan 10 yaprakta 6lglim
yapilmis ve bunlarin ortalamasi alinmistir.

Deneme konularina iligkin derlenen verilerin istatistiksel
analizlerinde JUMP paket programi kullaniimistir.
Denemelerden elde edilen sayisal degerler, varyans
analizine  tabi  tutulup uygulamalar arasindaki
farkhliklarin istatistiksel agidan 6nemlilik derecesi ortaya

konmustur. Ortalamalarin  karsilastiriimasinda LSD
yontemi  uygulanmistir.  Su  verim iliskilerinin
belirlenmesinde Excel paket programi kullanilarak
regresyon analizleri yapilmistir.

BULGULAR ve TARTISMA

Arastirmada konulu sulamalara topraktaki elverigli

nemin %50’si tiketildiginde baslanmistir. Konulu sulama
programina 30 Nisan 2017 tarihinde baslanmis, SA, ve
SAs konularina 9 Haziran, SA12 konusuna ise 05 Haziran
tarihinde son sulama uygulanmistir. Konulara bagh
olarak hasattan 12-16 gin o6nce sulamalara son
verilmistir.Deneme konularina iliskin sulama suyu
miktarlari, verim, mevsimsel bitki su tiketimi (ET), su
kullanim randimani (WUE) ve sulama suyu kullanim
randimani  (IWUE) degerleri Cizelge 4’de, LSD
gruplandirmasi ise Cizelge 5’'de verilmistir.

Bu ¢alismada, SA; konusuna uygulanan toplam sulama
suyu miktarlari 176-300 mm, SAg konusuna 159-266 mm,
SAi; konusuna ise 150-249 mm arasinda, bitki su tiiketim
degerleri ise SA; konusunda 385-486 mm, SAs
konusunda 379-451 mm, SA1> konusunda ise 391-447
mm arasinda degismistir. Genellikle her bir sulama
araliginda yer alan sulama dizeylerinde artan sulama
suyu ile mevsimlik ET degerlerinde de artis gozlenmistir.
TS ve PRD1go konusuna, KS;s ve PRD7s konusuna, KSso ve
PRDso konularina ayni sulama suyu verilmesine ragmen,
geleneksel ve geleneksel kisintil sulama konularinda
PRD konularina kiyasla az da olsa daha dislik ET degerleri
belirlenmistir. Camoglu ve ark. (2010), Canakkale
yoresinde damla sulama ile sulanan karpuz bitkisinde
yaptigi calismada, eksik nemin tam olarak karsilandigi
kontrol konusunda (%100), ortalama mevsimlik bitki su
tiketimi 475 mm ve uygulanan ortalama toplam sulama
suyu miktariise 403 mm olarak belirlemistir. Pejic ve ark.
(2016), Vojvodiana eyaletinde vyirittikleri calismada,
Uygulanan toplam sulama suyu miktari 275 mm olarak
bulunmustur. Karpuz yetisme sezonu boyunca referans
bitki su tiketimi 521 mm, maksimum bitki su tiketimi
398 mm, gercek bitki su tliketimi 117 mm olarak
belirlenmistir.
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Cizelge 4. Deneme yeri topraklarinin kimyasal 6zellikleri

Konular 2017
Sulama araligi Sulama diizeyi I ET Verim_ WUE i IWUE_
(mm) (mm) (kg da!) (kg m?) (kg m?)
TS 300 480 10.84 a 22.6ab 36.1f
PRD10o 300 486 10.51 a 21.6 bcd 35.0 fg
KS7s 238 432 9.93 b 230a 41.7 cd
SA4
PRD7s 238 437 9.68 bc 22.2 bcd 40.7 cde
KSso 176 385 8.65d 22.5 abc 49.1a
PRDso 176 392 8.35de 21.3 cde 47.4 a
TS 266 443 9.65 bc 21.8 bcd 36.3f
PRD10o 266 451 9.44c 20.9 de 35.5fg
SAs KS7s 212 411 8.42 de 20.5 ef 39.7 de
PRD7s 212 419 8.19 ef 19.6 fg 38.7e
KSso 159 379 7.16g 189 gh 45.1b
PRDso 159 387 6.74 gh 17.4. 424 ¢
TS 249 442 8.05 ef 18.2 hi 32.3 hij
PRD100 249 447 7.77f 17.4. 31.2j
KS7s 199 414 711g 17.2j 35.7f
SA PRD7s 199 421 6.51h 15.5] 32.7 hi
KSso 150 391 5.021 12.8 k 33.5gh
PRDso 150 397 4,52 ] 1141 30.1j
P<0.01 (**%1 dlizeyinde 6nemli) P<0.05 (*%5 diizeyinde 6nemli) P>0.05 6d (6nemli degil)
Cizelge 5. Deneme yeri topraklarinin kimyasal 6zellikleri
Konular Verim (t ha?) WUE (kg m*3) IWUE (kg m3)
LSD (0.05) 0.45 1.08 2.23
P 0.0184* 0.0001** 0.0001**
CV (%) 3.28 3.37 3.52

P<0.01 (**%1 duzeyinde 6nemli) P<0.05 (*%5 dlzeyinde dnemli) P>0.05 6d (6nemli degil)

Arastirmada WUE degerleri 11.4-23.0 kg m? arasinda,
IWUE degerleri ise 30.1-49.1 kg m= arasinda degismistir.
En yuksek su kullanim degerleri (WUE) SA; sulama
araliginin KSss sulama dizeyinden elde edilmistir. En
yliksek sulama suyu kullanim randimani degerleri ise
(IWUE) SA; sulama araliginin KSso sulama dizeyinden
elde edilmistir. Genel olarak uygulanan sulama suyu
arttikca IWUE degerleri azalmistir. Kuscu ve ark. (2015),
WUE degerini ilk yilda 15.32-15.59 kg m? ikinci yilda
15.38-16.58 kg m3, IWUE degerini ilk yilda 17.73-23.53
kg m3, ikinci yilda 20.23-28.57 kg m?3, Pejic ve ark.
(2016), WUE degerini 9.93-10.29 kg m™ olarak tespit
etmislerdir. Denemede elde edilen degerlerin soz
konusu arastirmacilarin elde ettigi degerlerden daha
ylksek olmasinin nedeni iklim, toprak ve ¢esit 6zelligine
bagh olarak elde edilen verimdeki farkliliklar olabilir.
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Deneme parsellerinden hasat edilen bitkiler tek tek
tartilarak birim alan basina toplam meyve verimi
hesaplanmistir. Denemede verim degerleri, sulama
araligi ve sulama diizeylerine gore farklilk gdstermistir.
Sulama araligi ve sulama dizeyi interaksiyonu verim
Uzerine etkisi istatistiksel olarak %1 hata diizeyinde
onemli bulunmustur. En vyiksek verim SA; sulama
araliginin TS konusundan (10.84 t da), en disiik verim
ise SA1; sulama araliginin PRDs (4.52 t da) konusundan
elde edilmistir. Kuscu ve ark. (2015) Bursa’da farkli
sulama rejimlerinin  karpuz  bitkisinde etkilerini
belirlemek amaci ile yaptiklari galismada en yiksek
verimin 2011 yili icin 77.9 t ha, 2012 yili i¢in ise 80.3 t
hal ile tam sulama konusundan elde edildigini
belirtmislerdir. Camoglu ve ark. (2010), Canakkale
yoresinde damla sulama ile sulanan karpuz bitkisinde su
stresinin bitki su tlketimine, su kullanim randimanina,
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verime ve kalite parametrelerine etkilerini belirlemek
amaci ile yaptiklari ¢alismada, verimin denemenin ilk
yilinda konulara gére 7.04-56.34 t ha™, ikinci yilinda ise
13.66-64.82 t ha arasinda gergeklestigini bildirmislerdir.

Bitki klorofil degerleri oOl¢iimleri konulu sulamalarla
baslanarak hasata dek devam etmistir. Olgiimler
sulamalardan 6nce yapilmistir. Farkl sulama araliklari ve
dizeylerine ait sulama o6ncesi klorofil degerlerinin
zamansal degisimi Sekil 1, Sekil 2 ve Sekil 3’de verilmistir.
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Karpuz bitkisine ait klorofil degerleri incelendiginde sik
sulamanin yapildigi SA, sulama araliginda ve her bir
sulama araligina ait su stresi cekmeyen TS ve PRDigo
sulama dizeylerinde daha yiliksek klorofil degerleri
belirlenirken, su stresi ceken KS;s, PRD7s, KSso ve PRDso
sulama dlizeylerinde daha distk klorofil degerleri
belirlenmistir. Sulama 6ncesi ortalama klorofil degerleri
SA; sulama araliginda TS konusunda 54.5, PRDigo
konusunda 53.6, KS75 konusunda 51.7, PRD7s konusunda
51.0, KSso konusunda 49.3, PRDsy konusunda 48.7; SAsg
sulama araliginda TS konusunda 51.7, PRD1go konusunda
51.0, KS75 konusunda 49.6, PRD7s konusunda 48.7, KSso
konusunda 47.2, PRDsy konusunda 46.7; SA:; sulama
araliginda TS konusunda 47.7, PRD1go konusunda 47.3,
KS;s konusunda 45.4, PRD7s konusunda 44.8, KSso

belirlenmistir.  Arastirmada deneme konularindan
belirlenen klorofil degerleri ile verim arasindaki iliskiler
Sekil 4'de, klorofil degerleri ile ET arasindaki iliskiler Sekil
5’de verilmistir. Anilan sekiller incelendiginde her bir
sulama arahgr ayri ayri ele alinmis ve tim konularda
klorofil degerleri (SPAD) ile verim ve klorofil degerleri
(SPAD) ile ET arasinda o6nemli dogrusal iliskiler
belirlenmistir. Yazdig ve Degirmenci (2018), pamuk
bitkisinde yaptiklari galismada ET ile verim arasinda
dogrusal iliski elde ettiklerini, Pitir (2015), biber
bitkisinde su stresi ile klorofil degerinin azaldigini, Koése
(2011), kabak bitkisinde kuraklik uygulamasi ile kabak
klorofil miktarlarinin kontrol bitkilerine gore bazilarinda
degisim gostermezken, bazilarinda azalmalar oldugunu
bildirmistir.

konusunda  43.1, PRDsy konusunda 41.7 olarak
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Bu calisma ile, Cukurova bolgesinde yaygin olarak
yetistiriciligi yapilan karpuz bitkisinde farklh sulama
araliklari ve farkh sulama dizeylerinin klorofil icerigine
(SPAD) etkileri belirlenerek, en uygun sulama
programlarinin saptanmasi amaclanmistir. Sonug olarak;
sulama araliginin azalmasi ve uygulanan sulama suyu
miktarinin artmasi ile verimde de artislar meydana
gelmistir.

Deneme yilinda klorofil igerigi (SPAD) degerlerinin
sulama araliklari ve sulama dizeylerine bagli olarak
degistigi gdzlemlenmistir. Sulama araligi genisledikge ve
su stresi arttikca klorofil degerlerinde de (SPAD)
azahslarin meydana geldigi belirlenmistir. En ylksek
verim ortalama klorofil igeriginin (SPAD) 54.0 oldugu SA,
sulama araliginin TS konusundan (10.8 t ha?) elde
edilmistir. Verim bakimindan kisintili sulama ile PRD
uygulamalari karsilastirihginda ise PRD
uygulamalarindan daha disik verim degerleri elde

edilmistir. Damla sulama ile sulanan karpuzda su
kisintisinin  olmadigi durumlarda TS konusu, su
kisintisinin  oldugu durumlarda ise KSs;s konusu

onerilmektedir. KS;s konusunda sudan %25 tasarruf
yapildiginda verimde %8 azalma gorilmastdr.

OzET

Amag: Bu arastirma, 2017 yilinda damla sulama ile
sulanan karpuz bitkisinde farkl sulama araliklari ve farkh
sulama diizeylerin klorofil igerigine (SPAD) etkisini
belirlemek amaci ile Alata Bahge Kiltiirleri Arastirma
Enstitisi Muduarligl Tarsus Toprak ve Su Kaynaklari
Lokasyonunda yuruttlmustir.

Yéntem ve Bulgular: Denemede materyal olarak
Crimson Tide F1 karpuz gesidi kullanilmistir. Arastirma,
tesadif bloklari bélinmis parseller deneme deseninde
Uc tekrarlamali olarak yuritilmustir. Arastirmada 3
farkli sulama arahgi (4 giin (SA4), 8 giin (SAg) ve 12 giin
(SA12) ) ana parselleri; 6 farkh sulama dizeyi (TS: 90
cm’lik  toprak profilindeki eksik neminin tarla
kapasitesine getirildigi konu, KSss: TS konusuna uygulana
suyun %75’inin uygulandigi konu, KSso:TS konusuna
uygulanan suyun %50’sinin uygulandigl konu, PRD1go: TS
konusuna uygulanan su miktarinin her sulamada ardisik
olarak koklerin bir yarisini i1slatacak sekilde uygulandigi
sulama konusu, PRD7s:Tam sulama (TS) konusuna
uygulanan su miktarinin %75’inin her sulamada ardisik
olarak koklerin bir yarisini islatacak sekilde uygulandigi
sulama konusu, PRDsp: Tam sulama (TS) konusuna
uygulanan su miktarinin %50’ sinin her sulamada ardisik
olarak koklerin bir yarisini islatacak sekilde uygulandigi
sulama konusu) ise alt parselleri olusturmustur. Konulara
uygulanan toplam sulama suyu miktari 150-300 mm,
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bitki su tlUketim degerleri ise 379-486 mm arasinda
degismistir. Sulama araliklari ve dizeylerinin verim
Uzerine etkileri istatistiksel olarak 6nemli bulunmustur.
Klorofil icerigi (SPAD) ile verim arasinda 6nemli dogrusal
iliskiler belirlenmistir.

Genel Yorum: Uygulanan sulama suyu arttik¢a ve sulama
araligl  azaldikca  klorofil  degerlerinde  artislar
belirlenmistir. Karpuz bitkisinde klorofil iceriginin (SPAD)
54.00 degerinde sulanmasi durumunda (SA4-TS) en
ylksek verim elde edilmistir.

Calismanin Onemi ve Etkisi: Proje sonunda elde edilen
veriler ile karpuz igin en uygun sulama araligi ve sulama
uygulamasi belirlenerek klorofil degerinin su stresini
belirlemede sulama programlanmasinda
kullanilabilecegi soylenebilir.

Anahtar Kelimeler: Karpuz, sulama arahg), sulama
dizeyi, klorofil icerigi, kismi kok kurulugu.

TESEKKUR

Bu calisma, Tarimsal Arastirmalar ve Politikalar Genel
Madarlighd  (TAGEM)  tarafindan  desteklenmistir.
Calismanin yuritilmesinde sagladiklari  katkilardan
dolayi TAGEM'’e, projede emegi gecen tiim proje ekibine,
Alata Bahge Kiiltiirleri Arastirma Enstitlisi MudarlGgiline
ictenlikle tesekkiir ederim.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan ederim.

cikar  gatismasinin
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Monitoring soil electrical conductivity as an agricultural management tool in drip-irrigated
citrus field via EM38

Damla sulama ile sulanan narenciye bahg¢esinde EM38 aleti kullanalarak toprak elektriksel iletkenliginin
izlenmesi
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Makale tarihgesi / Article history: Aims: Soil salinity continues to be one of the vital environmental problems
Gelis tarihi /Received:09.10.2019 affecting both crop yields and soil quality. Therefore, monitoring spatial
Kabul tarihi/Accepted:16.12.2019 and temporal soil salinity at the field level is highly crucial. Electromagnetic

induction (EM) technique is a widely used tool for mapping of measuring
the apparent bulk salinity (ECa) of a soil-water continuum. Therefore, the

Keywords: objective of this study was to investigate the spatiotemporal variability of
EM38, drip irrigation, citrus, salinity, soil salinity in a drip irrigated citrus field located in Adana, Turkey.
Mediterranean climate Methods and Results: To monitor soil salinity electromagnetic induction
device, EM38 was used. Both horizontal (EMn) and the vertical (EM\) dipole
" Corresponding author: Burcak KAPUR orientations of EM38 was utilized to assess the salinity. In order to convert
P<: bkapur@cu.edu.tr EC; lectures to the standard soil salinity levels of ECe, calibration equations

in turn for ECan and ECay were developed for the site by following
conventional soil sampling and salinity measurement. The calibration
models were satisfactory with the correlations over 0.70. EM38 lectures
were done each month, from April to September. After converting ECan
and ECav readings by EM38 to the standard soil salinity values of ECev and
ECen, respectively, interpretation of the standard soil salinity data reflected
that average salinity increased about 19 and 21% in the soil profile with
the depth of 1 and 2 m soil, respectively, in an irrigation season.
Conclusions: The salinity was significantly increased at the end of irrigation
season. Additionally, a concrete-lined irrigation channel located the very
close to the field caused an increase in soil salinity and farther from
channel the soil salinity values were decreasing. Thus, the irrigation water
penetration could be occurred from channel to the field.

Significance and Impact of the Study: Consequently, the monitoring
approach is able to be adapted successfully in practice so that the soil
salinity could be quantified easily and rapidly.

Atif / Citation: Kapur B, Cetin M, Kaman H, Celiktopuz E (2019) Monitoring soil electrical conductivity as an agricultural
management tool in drip-irrigated citrus field via EM38. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :188-195

INTRODUCTION irrigation. Thus, salt accumulation in the root zone limits

the productivity of field crops, pasture plants or trees,
Irrigation is necessary in arid and semi-arid agricultural and provokes desertification in arid climates. Rapid,
production zones to provide the global food safety. reliable and cost-effective mapping of the soil salinity is
However, irrigation induced soil salinity could be a received a considerable interest in intensive agricultural

serious concern within a span of several years of areas where the soil salinity is restrictive. Precise field
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evaluation of salinity via soil sampling is highly time
consuming and costly (Slavich and Read, 1984).
Contrarily, electromagnetic (EM) bulk salinity
assessment is a noninvasively method that permits
lectures of apparent soil electrical conductivity (ECa) by
inducing an electrical current in the soil (McNeill, 1980).
The induced electromagnetic field when transferred into
an output voltage relates linearly to depth-weighted soil
apparent salinity (Rhoades, 1992). EM induction
technique is more secured than other monitoring
methods due to not requirement of a radioactive source
(Padhiand Misra, 2011). Therefore, the EM38 is portable
equipment developed to take in field lectures of
apparent soil conductivity promptly and accurately
(Cetin et al., 2012). The device is placed on the ground
horizontally (ECan) and vertically (ECa,) which reflects
the soil profile with the depth of 1 and 2 m soil,
respectively. Furthermore, data collected with the EM38
instrument are essentially known as apparent soil
salinity, ECa, which can be converted to standard soil
extract salinity (ECe) with proper calibration (Cetin et al.,
2012).

In situ determination of the ECa via EM38 has attracted
significant attention of the precision agriculture
community (Corwin and Lesch, 2005; Padhi and Misra,
2011). Inturn, Cetin et al. (2012) and Kaman et al. (2013)
successfully used the EM38 device in soil salinity surveys
in large-scale irrigation schemes, and they proved that
the EM38 provided reliable enough estimates of soil
salinity without intensive soil sampling. In literature,
there are some cases that EM38 device has been used
for other purposes. For instance, Kachanoski et al. (1988,
1990) found that spatial variation in soil water content
within the top 0.5 and 1.7 m to be highly correlated with
the spatial variation in bulk soil electrical conductivity
monitored with EM38 device. Thus, also this instrument
could be helpful to potential measurement for
predicting variation in crop production caused by soil
water change (Heermann et al., 2000). In this context,
the method has been increasingly applied in precision
agriculture and has been widely used for different
purposes such as assessing soil salinity (Herrero et al.,
2003; Bennett and George, 1995; Triandafilis et al., 2000;
Bennett et al., 2000; McLead et al., 2010; Cetin et al.,
2012), salt leaching (McLead et al., 2010), soil sodicity
(Amezketa, 2007; Nelson et al., 2002), soil acidity (Dunn
and Beecher, 2007), spatial variation of soil moisture
(Huth and Poulton, 2007), soil texture (Hedley et al.,
2004), depth to clay pan (Sudduth and Kitchen, 1993;
Sudduth et al.,, 1995; Jung et al.,, 2006), crop vyield
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responses to salinity (Bercero and Aragues, 1996;
Aragues et al., 1999) and in applications to upgrade soil
map (Vitharana et al., 2008). However, locally conducted
trials are required to improve the application of this
technique in specific regions and cultural systems. In
turn, deriving calibration equation for the study site is a
prerequisite in order to utilize the EM38 lectures.

Staple objectives of the work were three-fold: (a) to
study functional relationship between ECa and ECe and
(2) to show whether mapping and monitoring of soil
salinity are within the bounds of possibility through
utilizing EM38 device in both vertical and horizontal
dipole modes, and (3) to reflect temporal changes in the
soil salinity in a Citrus orchard in an irrigation season.

MATERIALS and METHODS

Experimental Area

This study was carried out in a drip irrigated citrus
orchard plantation —covering 30 da area in Karayusuflu
village- in the Lower Seyhan Plain. Study area is
geographically located within latitudes of 36° 52'
08"-36°52'11" N and longitudes of 35°12'58"-35°13'01"
E in the south-west direction of the city Adana (Figure 1)
with an altitude of 10 m above mean sea level. August is
the hottest month with long-years average temperature
of 28.7°C, and January is the coolest month with the 9.5
°C temperature. Annual average precipitation is about
647 mm. The area has Mediterranean climate
characteristics with cool and rainy winters, hot and dry
summers.

In the experimental site, the irrigation season generally
starts in April, and ends in October. Irrigation water used
in the field is obtained through the well with a depth of
200 m. Until July, the orchard is irrigated four times a
month, and then, 8 times a month. Each irrigation
application lasts for 5 hours. Drip irrigation system
consisted of 2 | h! flow rate drippers and two laterals in
each citrus row. Furthermore, according to the USSL
irrigation water classification, irrigation water was
classified as C2S51. During the irrigation season in 2006,
total monthly rainfall in April, May and June were
recorded as 9.3, 19.8, and 4.5 mm, respectively.

Canakg! soil series, consisted of largely alluvial deposits
of the delta plain, is dominant in the study field. The low
permeability of the soils due to very heavy clay texture
is the major constraint to farming practices. Soil lime
content is about 20% and is considered rather high. Soil
pH ranges from 7.4 to 7.6 with high exchangeable Na
percentage.
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Figure 1. The coordinates of the soil samplings

Soil Salinity Measurements

Soil ECa values were measured at 34 sampling point with
EM38 device by orienting it in a horizontal (ECay) and
vertical (ECa,) dipole modes. To this end, six sets of
lectures were done on two transects in the field -from
April to August (Figure 1). As a precaution, any metal
objects that may influence the electromagnetic field of
the EM38 were removed during the measurement
process. Ten locations out of 34 points —covering both
the entire citrus orchard and the full range of EM38
readings— were selected for conventional soil sampling
with auger. Soil sampling was done in April and August
to derive a representative calibration equation of EM38.
For this purpose, soil samples from 0-30, 30-60, and 60—
90 cm layers of the soil profile were collected directly
from beneath the EM38 reading locations. Soil moisture
increased with depth at all sampling sites due to the
influence of shallow groundwater table. Both the ECa
reading locations as well as soil sampling sites were geo-
referenced by using a GPS equipment as UTM.

Collected soil samples were air-dried, grounded and
sieved to pass through a 2 mm screen. Saturation soil
pastes were prepared using 100 g sub-samples, kept in
the laboratory for 12 hours of equilibrium time, and the
saturation extracts were taken to make standard
electrical conductivity (ECe) measurements of the soil via
following the procedure described by USSL (1954).
Average ECe values in the profile were calculated for
EM38 calibration process.
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Deriving Calibration Equation of The EM38 Device

The EM38 readings from 10 soil sampling sites including
ECan and ECa, were separately calibrated against the
mean ECe values, and the best-fit models for horizontal
and vertical lectures were selected by curve estimation
procedures as explained in Diaz & Herrero (1992). To this
aim, mean ECe values for a specified depth served as a
dependent variable and apparent conductivities
measured (ECan and ECa,) at the locations where soil
samples were taken as independent variable
—ECe=f(ECan) for 0.0-1.0 m soil depth and ECe=f(ECa,) for
0.0-2.0 m soil profile. All the candidate models including
linear, curvilinear, exponential and power curves were
tested to get representative calibration curve for
horizontal and vertical EM38 measurements. To
facilitate the selection of the best fitting model, the
association between the two variables was first
examined on scattered graphs. The model with all of the
parameters significantly different from zero (P < 0.01
level) and with the smallest mean square error (MSE)
was selected as the best representative calibration
model.

Spatial Variability of Soil Salinity

Kriging is a stochastic optimal interpolation method,
frequently used for interpolation of both weather and
soil variables. In recent decades, kriging has become a
very popular interpolation method, due to its
advantageous properties; each estimate is supplied with
confidence information in which the quantified
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uncertainty increases with the distance from the
observation points; an estimated spatial picture of a
variable links up continuously with the observations at
the observation points. It is a statistical method of which
statistical tests (variances of the parameter estimates)
can be derived. Kriging provides a measure of
uncertainty of the estimated surface; the technique is
powerful and can be easily programmed. The input data
at known locations are used for the derivation of semi-
variogram -representing usually an irregularly spaced
sample of points. The basis of the kriging technique is the
rate at which the variance between points changes over
the space. This is expressed through the semi-variogram
which shows how the average difference between
values at points changes with the distance between the
points. The spatial distribution patterns of soil salinity
were studied by examining the ECe maps produced
through using kriging interpolation (Royle et al., 1981)
technique. The contour maps were produced for the
ECen and ECe, values —estimated from the ECa-H and
ECa-V readings, respectively.

RESULTS and DISCUSSION

As explained in detail in the section of materials, ECa
lectures were done and soil samples were manually
collected from the 10 sampling points. Table 1 reflects
some statistics of ECan and ECa,, and the average soil
salinities at 0-30, 30-60, and 60-90 cm soil depths.
Electrical conductivity values of the soil paste extract, i.e.
ECe, decreased with increasing soil depth, indicating that
the vertical variability and level of salinity in the deeper
horizons were low. This kind of salinity development in
irrigated areas is an indication of inverted electrical

conductivity, i.e. salinity, profiles. Additionally, inverted
salinity profile might be the cause drip irrigation
practice. Furthermore, this could be the effect of soil
texture that upper horizons have higher soil water
holding capacity. Moreover, it could be very high
evapotranspiration at the upper horizons or soil surface
results in accumulation of salt in the system as
mentioned by Cullu et al. (2002). The coefficient of
variation of ECa;, ECa, and ECe were highly acceptable
(CV«K30%), confirming the homogeneity of soil salinity
distribution in the study area. According to the average
values of the EM38, ECa, and ECan were increased
significantly as well as 19% and 18%, respectively.

The point patterns on the graphs for ECan vs. ECy
readings at the EM38 monitoring sites (n=34) showed
that the relationship between variables were in the
linear form with the determination coefficient R2>95%,
although some dispersion was evident in the EM38
lectures (Figure 2). Herrero et al. (2003) and Amezketa
(2007) concluded that both EC,, and EC,y readings were
similar (i.e. slopes are almost 1.00 and intercepts close
to 0.00). In this study, in most cases EC,, readings were
slightly higher than EC,, readings as mentioned by
Kaman et al. (2013). The reason for this could be the
higher water table level that affects vertical readings. At
the end of the season EM38 lectures showed higher
salinity values than soil sampling results. This could be
explained by the increased soil water content as
mentioned by Korsaeth (2005). Therefore, it is of great
importance that ECa readings should be done when the
soil moisture is about at the field capacity level. In this
study, ECa readings were, in turn, done two days after
irrigations.

Table 1. Descriptive statistics of apparent soil salinity readings at horizontal (ECan) and vertical-dipole position (ECay)
readings with EM38 at salinity monitoring sites and ECe values at manual soil sampling points. Salinity values are in the

unit of umhos cm

Sampling points Sampling Points

Sampling Points

EM38 Readings EM38 Readings

Statistics 0-30 30-60 60-90 ECav ECan
Start End Start End Start End Start End Start End
Mean 490 505 444 457 420 446 495 585 466 548
Median 478 485 440 452 423 428 467 537 461 543
Minimum 460 463 420 429 372 396 436 447 449 474
Maximum 560 574 480 494 470 571 668 887 500 686
Std. deviation 31 40 22 21 35 55 62 120 15 55
Skewness 1.56 0.88 0.64 0.65 0.11 1.70 0.99 0.65 0.57 0.79
Kurtosis 2.32 -1.01 -0.79 -0.16 -1.14 3.19 0.14 -0.55 -0.82 0.04
CV% 6 8 5 5 8 12 13 20 3 10
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As for the calibration equations, either ECan or ECay
measurement at the 10 soil sampling points was
preferred as a covariate to obtain calibration equations
for ECe. Acceptable polynomial correlations were
obtained between the average ECe values obtained from
the soil depths of 0-30 to 0-90 cm. The coefficient of
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determination (R?) for the calibration equations of ECap,
and ECa, were found statistically significant (P<0.001).
Furthermore, R? was about 0.63 for the ECa, lectures in
the 0-90 cm soil profile and 0.81 for the ECan lectures in
the 0-60 cm soil profile. It is important to highlight that
calibration results were found in good agreement with


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(Ozel Say): 188-195

Arastirma Makalesi / Research Article

the results given by Kaman et al. (2013). Furthermore,
Herrero et al. (2003) reflected strong linear relationships
between average ECe values (obtained from 0-25 to 0-
150 cm soil depths) and ECa, and ECay lectures.

In this study, the calibration equations were used to
convert ECa lectures to standard ECe readings in order
to make logical and/or reasonable interpretations. Then,
soil salinity maps were generated for the study site in
order to delineate spatial character of soil salinity. Based
on the soil salinity maps (Figure 3), it is clearly visible that
salinity levels in the soil increased with time during the
irrigation season. A qualitative comparison of these
maps suggests that there may have been a pronounced
rise in soil salinity in the north to south section of this
field. Vertical and horizontal salinity readings showed
that salinity was higher in the southern parts of the field
where the irrigation canal was located. Furthermore, the
salinity levels were decreasing in the vicinity of drainage
canal located at south of the field, indicating the proper
functioning of the drain age canal. Thus, the water
intrusion from irrigation canal influenced the salinity
degree of the citrus field although the canal is concrete-
lined and water quality is good. Even so, the drainage
canal works well as it was expected. ECen, values
—-observed in 0-1 m soil layer- ranged between 400-500
umhos cm™ at starting of the irrigation season and
reached up to 715 pmhos cm™ at the end of the season.
Likewise, ECe, results —observed in 0-2 m soil layer-
reflects that at the start of the season the salinity ranges
between 400-690 pmhos cm™ and reached up to 925
umhos cm™ in some parts of the field at the end of the
season.

CONCLUSIONS

This case study proved the applicability of EM38 device
in the soil salinity survey works in a semi-arid part of
Mediterranean region of Turkey. The application of soil
sampling and site-specific lectures of electromagnetic
induction equipment (type EM38), relations between
soil salinity  and electromagnetic induction
measurements reflects an acceptable rapid and easy
way to use the EM38 device in the agricultural areas to
determine salinity. The outcomes showed that the EM38
readings were quite higher than the manually sampled
salinity data, which could be related with the increased
soil water content. The horizontal EM38 lectures were
lower than the vertical ones, indicating inverted salinity
profile in the study site. Although the salinity levels are
rather low compared with the threshold value for the
citrus, normal salinity profile are desirable for the
sustainability of orchard field. The salinity was
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significantly increased at the end of irrigation season.
Therefore, leaching is necessary by winter precipitation
or irrigation applications. Water intrusion or leakage
from irrigation canal to the field may accelerate salinity
development in the agricultural area. However, proper
drainage canals are beneficial for managing soil salinity
as the case in this study.
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Aims: In this study, effects of different nitrogen applications during sowing
to pumpkin growth, yield, evapotranspiration and water use efficiency
were investigated under irrigated agriculture in Kayseri province of Middle
Anatolian Region of Turkey.

Methods and Results: The study, designed in completely randomized
block-plots with 4 replications, was conducted in the experimental area of
Erciyes University Agricultural Research and Training Center. Develi
pumpkin population (Cucurbita pepo L.) was used. The treatments were
No, N2o, Nao, Neo, Ngo and Nioo that consisted of applications of 0%, 20%,
40%, 60%, 80% and 100% of pumpkin nitrogen need, respectively. The rest
of nitrogen amounts were applied by fertigation in 5 consecutive
irrigations and all treatment were received the same amount of nitrogen.
Soil moisture of the treatments were monitored by neutron meter.
Depleted water from root zone was applied by drip irrigation system. The
highest total leaf area was determined in Nioo while the highest total
chlorophyll amounts were determined in Nso and Nioo. Nitrogen
applications big than 80% during sowing increased water use efficiency,
fruit diameter, fruit yield, seed yield per fruit and seed yield, significantly.
Seed yield in N1oo was found 139.6% higher than seed yield in No. The least
nitrogen rate during sowing for Develi pumpkin population was offered as
100 kg per ha under controlled irrigation conditions.

Conclusions: Application of whole nitrogen needs to pumpkin at sowing
under controlled irrigation conditions possitively affected pumpkin seed
yield and all growth parameters. At least 80% of pumpkin nitrogen need
should be applied at sowing to obtaine higher yield and quality.
Significance and Impact of the Study: If pumpkin irrigations are performed
by measuring soil moisture deficit in effective root zone, higher seed yield
and quality would be obtained by applitying nitrogen need at sowing
without dividing several parts.

Atif / Citation: Unliikara A, Dumanlar N, Giines A (2019) Effects of different nitrogen rate applications during sowing to
pumpkin (Cucurbita pepo I.) growth, yield, evapotranspiration and water use efficiency. MKU. Tar. Bil. Derg.
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GiRiS Uretim alani ve Uretim miktari bakimindan Kayseri 2016
Cerezlik kabak bitkisi iilkemizde en fazla i¢ Anadolu yilinda ilk sirada yer almistir. Kayseri’de 31.3 bin hektar
Bolgesinde yetistiriimektedir. illere gére kabak cekirdegi alandan 15 bin ton driin elde edilmistir. En fazla gerezlik
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kabak tiretimi yapan 2. ilimiz Nevsehir olup 2016 yilinda
17.3 bin hektar alandan 13.5 bin ton cerezlik kabak
Uretimi yapiimistir. Sirasiyla Aksaray’ da 4.6 bin hektar
alandan 4028 ton, Konya’da 3.06 bin hektar alandan
3928 ton, Eskisehir'de 1.89 bin hektar alandan 1842 ton,
Karaman’da ise 545 hektar alandan 669 ton Uretim
saglanmistir (Anonim, 2016).

Cerezlik kabagin meyveleri sebze olarak tiketilirken
tohumlari da gerezlik olarak tiiketilmektedir. Paksoy ve
Aydin (2004) vitaminler, protein, yag, karbonhidrat ve
mineral madde bakimindan kabak ve kabak ¢ekirdeginin
insan beslenmesinde 6énemli oldugunu belirtmislerdir.
Kabak tohumlari eczacilikta gesitli ilaglar igin E vitamini,
yag ve B-sitosterol gibi Gretim materyalleri icermektedir.
Ghanbari ve ark. (2007) tarafindan Antik caglardan beri
prostat ve idrar sistemi rahatsizliklarinin kabak
tohumlarindan (retilen ilaglar ile tedavi edilmeye
cahsildigini belirtmistir.

Hess ve ark. (1997) yaptiklari calismaya gore kabak
bitkileri iyi drenajli, verimli ve organik maddeye sahip
topraklarda en iyi sekilde yetisir. Kabak verimi ve verim
bilesenleri bitkiye uygulanan su miktari azaldikca
dismektedir (Kuslu ve ark., 2013). Kurak ve yari kurak
bolgelerde sulanan alanlarda tarla igi su ydnetim
uygulamalari bitki verimini en ¢ok etkileyen faktordir
(Al-Omran ve ark., 2005). Tohum ekiminden hasada
kadar asiri suya karsi duyarli olan kabak bitkisi asiri sudan
zarar gorebilir. Amer (2011) tarafindan kabak bitkisinin
ihtiya¢ duydugu su miktarindan daha eksik veya daha
fazla su uygulamalarinin énemli verim kayiplarina yol
actig belirtilmistir. Bu nedenle kabak bitkisinin Gretimi
yapilacagl bolgede su ihtiyaci belirlenmeli ve bitkinin su
ihtiyaci sulamalar yoluyla zamaninda ve yeteri kadar
karsilanmalidir  (Unliikara, 2014). Orta derecede
tuzluluga toleransli olan kabak, 4.7 dS.m? toprak
tuzluluk diizeyine kadar verim kaybetmez fakat bu esik
dlzeyi asildiginda her bir birim tuzluluk artisi icin %9.7
oraninda verim kaybetmektedir. Toprakta %15-20
yikama gerceklesmesi durumunda kabak Gretiminde 3.1
dS.m? diizeyine kadar tuzlu sular sorunsuz sekilde
kullanilabilir (Ayers ve Westcot, 1989; Unliikara, 2014).
Yagmurlama sulamayla tuzlu su uygulamalari ve karik
sulamada karik sirtlarinda asiri tuz birikimine dikkat
edilmelidir.

Bitki Uretimi karmasik bir bilimdir. Bitkisel Gretim
faktorlerinden herhangi birisine yeterli sekilde 6zen
gosterilmemesi, bitki verimini kendi potansiyelinin altina
onemli sekilde disurebilir. Tek basina sulama ve su
yonetimi veya diger Uretim faktorlerine daha az 6zen
gosterilerek yeteri kadar glibrelerin kullanilmasi tatmin
edici bitki verimi saglamayabilir. Bunun yaninda tiim
Uretim faktorlerine yeterince dikkat verildiginde, bitki
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Uretiminin artirilmasinda sulama ve giibreleme anahtar
faktorler olarak 6ne cikarlar (Hargreaves ve Merkley,
2004). Tarimsal Uretimde en dikkate deger konular
arasinda sulama ve glbreleme uygulamalari yer
almaktadir. Su-glibre iliskisini en yiksek diizeyde tutarak
bitkiden beklenilecek olan verimin en yiksek seviyede
alinmasi hedeflenmektedir. Fertigasyon glnimiuzde
tarimsal Gretimde istenilen bu hedefe ulastiracak metot
olarak goriilmektedir (Haynes ve Swift, 1987).

Topraga uygulanacak besin elementlerinin dogada en
fazla bulunani azottur. Delwich’e (1970) gore atmosfer
yaklasik 3.8 x 10%® ton molekiler azot (N) icermektedir.
Buna karsilik, toprak azotu evrendeki toplam azotun
yalniz kigik bir bolimini olusturmakta ve bunun da
ancak az bir bélimu bitkilere yarayisl olmaktadir (Foth
ve Ellis, 1988). Azot eksikligi 6zellikle bitkinin vejetatif
gelisimini olumsuz etkiler. Yaprak ve gévde sistemi zayif
olur, vejetatif gelisme periyodu kisalr, bitkiler erken
olgunlasir, erken cicek acar ve erken yaslanir. Toprakta
meydana gelen N immobilizasyonu ve organik N
mineralizasyonu, etki bakimindan birbirine zit olaylardir.
Bu iki olay sonucu meydana gelen net N serbestlenme
orani bitki beslenmesi acisindan 6nemlidir. Azotun
toprak profilinde alt kesimlere dogru tasinmasi, toprak
ve iklim Ozelliklerine bagh olarak dnemli sekilde degisir.
Fazla drene olan hafif blinyeli topraklar, yikanma ile azot
kaybina son derece yatkindir. Fazla yagis kosullari altinda
toprak profilinde perkolasyon yiksektir. Bu nedenle,
yikanma ile azot kaybi yagish iklim bolgelerinde 6zellikle
hafif blnyeli topraklarda ve kimyasal azotlu gilibre
uygulanan durumlarda daha belirgindir.

Kabak Uzerine yapilan gesitli arastirmalarda farkh azot
oranlari 6nerilmis olup en disiik azot orani Ng'etich ve
ark. (2013) tarafindan 120 kg ha™, Zotorelli ve ark. (2008)
tarafindan 145 kg ha* ve Simonne ve Hochmuth (2010)
tarafindan 168 kg ha?l énerilmistir. Ayrica bitki icin
sulama  yonetimi kadar azot uygulamasi ve
zamanlamasinin da kritik oldugu Zotarelli ve ark. (2008)
tarafindan ifade edilmistir. Her ikisi de oyle bir sekilde
yonetilmelidir ki yeralti suyuna azot yikamasi
yapilmaksizin bitki verimi icin yeterli azot saglanmalidir.
Bitkilerin azottan yararlanma etkinligini artirmak icin
azotlu  glbreler bolinerek bir ka¢ seferde
uygulanmaktadir. Toprak nem 6lglimine veya bitki su
tiketimine dayali olarak yapilan kontrollli sulamalar ve
su uygulama etkinligi yliksek sulama sistemlerinin
kullaniimasiyla birlikte kok bolgesi altina sizan su
miktarlari azalmaktadir. i¢ Anadolu Bélgesi gibi yari kurak
alanlarda bitki gelisme doneminde genelde hafif ve orta
siddette yagislarin olmasi ve vejetatif gelisimini hizla
tamamlayan cerezlik kabak bitkisinde azotlu giibrenin
tamamen ekim sirasinda uygulanmasi hem bitki
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verimliligine ve hem de Uretim maliyetlerinin
distrilmesine katki saglayabilir. Tirkiye ¢apinda sinirli
sayida yapilan bazi arastirmalarda cerezlik kabak bitkisi
Uzerine su stresinin etkisi ortaya konulmaya ¢alisiimistir
(Cakir, 1996; Yavuz ve ark., 2015; Sekendur, 2017,
Unliikara ve Bakir, 2018; Kirnak ve ark., 2019). Ancak
azotun ekimde uygulama orani ve fertigasyonla
uygulanmasinin cgerezlik kabak bitkisi su tlketimi, su
kullanimi ve verimliligi Uzerine yapilan herhangi bir
¢alisma bulunamamistir. Bu ¢alismanin amaci gerezlik
kabak bitkisine ekim sirasinda uygulanan farkli oranlarda
azotun bitki gelisimine, verimine, su tiketimine ve su
kullanimina etkisinin belirlenmesi olusturmaktadir.

MATERYAL ve YONTEM

Deneme Yeri ve Deneme Konulari

Tirkiye’nin i¢ Anadolu Bolgesi’nde (Kayseri) kurulan bu
deneme, Erciyes Universitesi Arastirma ve Uygulama
Merkezi arazisinde (ERUTAM) 2016 yetistirme
doneminde yurutiilmastir. Karasal iklimin hakim oldugu
Kayseri’de yazlar sicak ve kurak, kislar ise soguk ve kar
yagish gecer. Rakima bagh olarak farkh yiksekliklere
sahip ilgelerinde yer yer iklimde farkliliklar gérilir. Uzun
yillar verilerine gore Temmuz ve Agustos aylarinin

ortalama sicakliklari sirasiyla 22.8 ve 24.6 °C olup yilin en
sicak aylaridir. Aralik, Ocak ve Subat aylarinda ortalama
sicaklik degerleri sirasiyla 0.6, -1.7 ve 0.1 °C olup yilin en
soguk aylarini olusturmaktadir. Kayseri’de uzun yillar
ortalamasi seklinde en yuksek sicaklik 18.0 °C, en distk
sicaklik 2.9 °C ve ortalama sicaklik ise 10.6 °C “dir. Yillik
olarak 389 mm yagis alan ilde yagislar en fazla Nisan,
Mayis ve Haziran aylarinda sirasiyla 52.1, 51.8 ve 39.5
mm dismektedir. Bagil nem agustosta en diisiik %16.9
ve aralikta en ylksek %97.4 arasinda ortalama ise %63.6
dizeylerinde degismektedir. Riizgar hizlari ortalama 1.0-
1.7 m/s arasinda, glineslenme 3.0-11.9 saat arasinda,
giineslenme siddeti 6.1-22.7 MJ m2gin? arasinda ve
referans evapotranspirasyon ise 24-158 mm ay*
arasinda degisim gostermektedir. Deneme boyunca
sicaklik, yagis, riizgar hizi, bagil nem, glineslenme siresi
ve glineslenme siddeti verileri, alana yaklasik 3 km
uzakliktaki Meteoroloji 7. Bolge (Kayseri)
Midirligid’'nden temin edilmistir. Uzun yillara iliskin
veriler ise Meteoroloji Genel MudurlGgl, Meteorolojik
Veri Bilgi Sunum ve Satis Sistemi araciligiyla elde
edilmistir. Gelisme doénemine iliskin (2016) veriler ve
referans evapotranspirasyon Cizelge 1'de verilmistir
(MGM, 2017; Unliikara ve Bakir, 2018).

Cizelge 1. Kayseri’de 2016 yili ortalama meteorolojik veriler ve referans evapotranspirasyon

Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara
Trmin (°C) -6.0 -1.3 0.5 4.7 8.3 121 134 153 8.2 3.6 2.6 5.6
Tmak (°C) 3.6 11.8 148 219 222 280 313 334 256 216 147 3.4
Tort (°C) -1.6 4.4 7.3 135 147 202 228 246 168 122 49 -1.2
RHmin (%) 33.0 200 100 8.0 14.0 170 40 9.0 110 110 110 320
RHmak (%) 98.0 980 960 97.0 98. 980 960 880 99.0 970 97.0 97.0
RHort (%) 782 741 561 465  64.8 56.1 459 432 519 520 53.0 735
Riz. H (m.s%) 1.2 1.0 1.9 1.5 1.5 1.3 1.3 1.3 1.1 0.9 0.9 1.5
Yagis (mm) 770 650 232 103 1292 303 104 0.0 21.0 4.2 3.5 36.1
GS 7.0 112 157 220 219 264 288 260 195 158 113 6.7
GS (saat) 2.0 4.4 5.5 7.8 6.8 104 116 116 9.0 7.1 5.9 2.1
ETo (mm.ay™®) 20 35 77 111 123 150 174 168 107 70 39 24
ETo (mm.giin) 0.7 1.2 2.5 3.7 4.0 5.0 5.6 5.4 3.5 2.3 1.3 0.8

*U: 2 m Yuk. Rizgar Hizi, RH: Bagil Nem, GS: Giineslenme Siiresi, GS: Giineslenme Siddeti (MJ m2.giin), ETo: Referans

Evapotranspirasyon.

Arastirma alani 38° 43' 8" kuzey enlemlerinde, 35° 32"
44" dogu boylamlarinda yer almakta olup denizden
ortalama yiksekligi 1084 m’dir. Topragin ylizey katmani
tinh olup asag1 katmanlara dogru killi tinli ve tinli yapiya
sahiptir (Cizelge 2). Deneme alani saturasyon ¢amuru
ekstrakti elektriksel iletkenligi 0.94 dS.m™? ve toprak
reaksiyonu pH=7.61 diizeyinde hafif alkali karakterdedir.
Etkili kok derinligi olarak alinan 60 cm toprak derinligi igin
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toplam kullanilabilir su tutma kapasitesi 99.8 mm
kadardir. Toprak organik maddece fakirdir. Topragin
kireg icerigi %2.54-6.2 arasinda degismistir. Ayni deneme
alaninda topragin nihai infiltrasyon hizi 23.3 mm saat™®
olarak belirlenmistir (Kirnak ve ark., 2019).

Arastirmada Develi ve Tomarza ilgelerinde yaygin olarak
yetistirilen “cerceveli” olarak nitelendirilen c¢erezlik
kabak popilasyonu (Cucurbita pepo L.) kullaniimistir.
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Denemede ekimle birlikte tabana 6 farkli oranda azot
uygulanmustir. Bunlar sirasiyla Nioo, Nso, Neo, Nao, N2o ve
No konulari olup bitkinin azot ihtiyacinin sirasiyla %100'(,
%801, %601, %401, %20’si ve %0’1 ekim sirasinda topraga
uygulanmigstir. Geri kalan azot miktarlari ise 5 sulamaya
esit sekilde paylastirilarak fertigasyon teknigiyle bitkiye
verilmistir. Buna gore Nigg konusuna azotun tamami
verildigi i¢cin hasada kadar sulamayla birlikte hi¢ azot
uygulanmamis ancak NO konusuna ise ekimde hic¢ azot
verilmedigi  igin  azotun tamami fertigasyonla
uygulanmistir. ilk sulama tarihi olan 15 Haziran 2016
tarihinden itibaren sirasiyla 22 Haziran, 29 Haziran, 9
Temmuz ve 15 Temmuz tarihlerinden eksik kalan azot
miktarlar fertigasyonla uygulanmistir. ilk sulamada (re
sonra amonyum nitrat olacak sekilde her iki azotlu glibre
donltisimli sekilde verilmistir. Toprak nemi dikkate
alinarak hesaplanan sulama siresinin son yarim saatinde
gerekli glbre miktarlari glibre tanki vasitasiyla suda

Cizelge 2. Deneme alani topraklarinin bazi 6zellikleri

eritilerek sisteme enjekte edilmistir. Bu sekilde sulama
sonunda glbre uygulamasiyla azotun bitki Ust kok
bolgesinde yikanmadan depolanmasi amaglanmustir.
Deneme tesadif bloklarinda tesadif parseller deneme
desenine gore planlanmis olup her bir konu 4 kez
tekrarlanmistir. Buna gore 6 konu ve 4 tekrar icin 24
parselde arastirma yuratliimustir. Boyutlari 5x6 m olan
parsellerde sira arasi 1 m olacak sekilde 5 sira bitki ve her
sirada 0.6 m arayla 10 bitki yer almistir. Cerezlik kabak
icin azot, fosfor ve potasyum ihtiyaci hektara 120’ser kg
olarak alinmistir. Deneme alanindaki topraklarin
potasyum diizeyinin yeterli olmasi nedeniyle normal
siper fosfat gibresi kullanilarak hektara 120 kg P.Os
uygulanmistir. Ekim esnasinda amonyum nitrat glibresi
ve normal stper fosfat glibresi bitki ekim siralarina 30-40
cm serit Gizerine atildiktan sonra motorlu ¢capa makinasi
ile topraga karistirilmistir.

Toprak Derinlikleri Biinye Hacim Agirligi Tarla Kapasitesi Solma Noktasi TKN :\)nrf::;k Kireg
(cm) (g em™) (% vv?) (% vv?) (mm) (%) (%)
0-20 Tinh 1.30 30.00 13.80 32.40 1.25 2.54
20-40 Tinh 1.28 30.00 14.70 30.60 1.05 5.83
40-60 Tinh 1.21 32.00 13.60 36.80 0.80 4.50
60-80 Killi-tinhi 1.24 32.00 11.50 41.00 0.70 3.15
80-100 Tinli 1.32 32.00 12.00 40.00 0.73 6.20

*TKN: Toplam Kullanilabilir Nem

Sulama Sistemi, Toprak Nem Ol¢iimii, Sulama ve Bitki
Su Tiiketimi

Calhsmada cerezlik kabak bitkileri damla sulama
sistemiyle sulanmistir. Her bitki sirasina yerlestirilen 16
mm c¢apinda lateral hatlar 2.3 L.saat™® debiye ve 30 cm
arayla vyerlestiriimis damlaticilara sahiptir. Parsel
girislerinde bulunan kiresel vanalar ve manometreler
yardimiyla manifold giris basinglari ayarlanmis ve
sisteme sabit 1 bar basing altinda su uygulanmistir.
Hemen deneme alanindaki derin kuyudan cekilen
sulama suyu yeralti boru agi lzerindeki hidrantlardan
ahabilmektedir. Sulama suyunun elektriksel iletkenligi
0.24 dS m?, Sodyum Adsorpsiyon Orani SAR= 2.86 ve
reaksiyonu pH= 7.6 diizeyindedir (Kirnak ve ark., 2019).
Deneme parseli yakinindaki hidranttan alinan su,
hidrosiklon, disk filtre ve manometrelerden ibaret
kontrol Unitesinden gegcirildikten sonra sabit bir basingla
sulama sistemine verilmistir.

Toprak nemi ekimden hasada kadar 503 DR Hydroprobe
marka nétron metre ile takip edilmistir. Bu amacla, her
parsele 5 cm capinda ve 120 cm boyunda PVC akses
borulari ¢cakilmistir. Akses borulari, konum olarak her bir
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parselde ortada kalan siralar lzerinde bitkiden yaklasik
20 cm uzaktadir. Noétronmetre kalibrasyonunda ve
Olcimiinde Evett (2007) tarafindan 6nerilen yontemler
izlenmistir. Buna gore Pv= 29xSO — 8.3 kalibrasyon
esitligi ile akses borularinda 20, 40, 60, 80 ve 100 cm
derinliklerden alinan sayim oranlari (SO) hacimsel toprak
nemine donustUrilmastir. Nem Olcimleri meyve
olgunlasma doénemine kadar haftada 1 kez yapilmistir.

Sulamalarda parsele uygulanacak su miktarinin

hesaplanmasinda Es. 1 kullaniimistir:

[=2PVig A X P (Es. 1)
100

Esitlikte | her bir parsele uygulanacak sulama suyu
miktari (Litre), Pvtk topragin tarla kapasitesi hacimsel
nem icerigi (%), Pvi topragin sulama 6ncesi hacimsel nem
icerigi (%), D bitki etkili kok derinligi (mm), A parsel alani
(m?) ve P damla sulama altinda islatilan alan yiizdesidir.
Islatilan alan ylizdesi toprak ylizeyinden 20-30 cm altta
en genis 1slak alan ¢apinin bitki sira arasina
oranlanmasiyla yaklasik 0.6 olarak saptanmistir (Keller ve
Bliesner, 1990). Etkili kok derinligi deneme basinda 0.4 m


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2019, 24(0zel Say1): 196-210

Arastirma Makalesi / Research Article

alinmis ve bitki gelisimine paralel artirilarak 0.6 m’ye
kadar gikarilmistir.

Sabit 1 bar basing altinda damlaticilardan ¢ikan su debisi
belirlenmis ve 1 parseldeki damlatici sayisi ile ¢carpilarak
parsel debisi saptanmistir. Uygulanan sulama suyu
miktari parsel debisine bollinerek her bir parselin sulama
slresi hesaplanmistir.

Toprak su bltcesi yontemine gore konularin su tiiketimi
Es. 2 ile hesaplanmistir (James, 1988):
ET =1+ P + AS-dp (Es.2)
Esitlikte; ET bitki su tiketimi (mm), | konulara gore
parsellere uygulanan sulama suyu miktari (mm), P etkili
yagis (mm), AS deneme basi ve sonu toprak depo nem
farki (mm) ve dp ise derine sizmayla su kaybidir (mm).
Derine sizan su miktari, kok bolgesi altinda bulunan 60-
100 cm toprak katmanindaki nem degisimleri her hafta
notronmetre olgcimleriile izlenerek tahmin edilmistir. Bu
katmanda deneme basina gére nem artisl derine sizma
olarak kabul edilmistir. Bitki koklerinin yer aldig1 ancak
etkili kok derinligi disinda birakilan bu katmandaki nem
azalmasi ise bitki su tiketimine eklenmistir. Deneme
alanina diisen yagis ve diger hava elemanlari Erciyes
Universitesi Arastirma Uygulama Merkezi (ERUTAM)
kampds arazisinde bulunan meteoroloji istasyonundan
temin edilmistir. tiiketilen her bir m? su icin elde edilen
drin, su kullanim etkinligi (WUE) seklinde Es. 3 ile
belirlenmistir (Howell ve ark. 1992).

WUE =~

o (Es. 3)

Esitlikte, Y tohum verimi (kg), ET bitki su tiketimini (m?3)
gostermektedir. Buna benzer bir esitlik kullanilarak
sulama suyu kullanim etkinligi (IWUE) hesaplanmistir. Bu
esitlikte ET yerine uygulanan sulama suyu (I) yazilmistir.
Ekim sirasinda farkl azot uygulama oranlarinin bitki
gelisimine etkisini saptamak icin bitki gelisme donemi
baslarinda ve tam kanopi gelisme doneminde 6 ve 27
Haziran 2016 tarihlerinde 2 kez yaprak alani (YA)
Olgllmastlr. Orta siralarda yer alan 3 bitkide bulunan
tim vyapraklarin eni (YE) cetvel ile yapraga zarar
verilmeden olctlmistir. Cebecive ark. (2017) tarafindan
Develi popilasyonu igin 6nerilen YA= 0.6397xYE2 -
1.6551xYE + 19.467 esitligi kullanilarak yaprak alanlari
hesaplanmistir. 3 bitkide yapilan 6lglimlerin ortalamasi
alinarak konularin toplam yaprak alani saptanmistir.

23-24 Agustos 2016 tarihinde hasat yapilmis ve konularin
meyve verimine, bitki meyve verimine, meyve
boyutlarina, meyve tohum verimine ve tohum kalitesine
olan etkileri belirlenmeye calisilmistir. Her parselde
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bulunan 5 bitki sirasindan 1. ve 5. siralar ile her sirada ilk
bas ve sondaki bitkiler kenar tesir olarak dikkate
alinmistir. Kenar tesirler disinda ortada kalan 3 bitki
sirasinda  toplamda 24  bitkide hasat islemi
gerceklestirilmistir. Tartimi yapilan meyveler ortadan
ikiye ayrilarak meyve c¢api olclilmis ve sonrasinda
icindeki tohumlar el yardimiyla gikarilarak yas tohum
agirhgr  belirlenmistir. Yas tohumlar agik havada
brandalar Uzerinde serilerek iyice kurutulduktan sonra
belirlenen tohum agirhg brit tohum agirligi olarak
dikkate alinmistr. Brit tohum igerisinden bos ve yari bos
tohumlar ayiklanarak net tohum agirligi belirlenmistir.
Tohumlardan 4’ er kez 250 tohum sayimi yapilmis ve
bunlarin agirliklarinin toplanmasiyla bin tane agirhgi elde
edilmistir.

Deneme sonunda 0-90 cm toprak derinliginden 6rnekler
alinarak azot igerigi belirlenmistir. Hasattan oncesi
bitkiler henlz sararmadan alinan yaprak 6rneklerinde,
hasatta alinan meyve ve tohum 6rneklerinde azot icerigi
saptanmistir.  Bitki materyalinde azot igeriginin
belirlenmesinde Kjeldahl yontemi kullanilmistir. Ayrica
denemede spad metre ile 14 Haziran, 28 Haziran ve 28
Temmuz 2016 tarihlerinde her tekerriirden orta siralarda
yer alan 3 bitkide ve her bitkide 3 yapraktan Olgiim
alinmistir.

Elde edilen sonuclara varyans analizi ve Duncan Coklu
Karsilastirma Testi yapilmistir. Istatistik analizlerin
yapilmasinda SSPS 13.0 paket programi kullaniimistir.
Sulama, bitki su tiiketimi, su kullanim etkinligi, verim ve
verim parametrelerinin hesaplanmasi ve grafiklerin
gizilmesinde Excel 2016 programindan yararlaniimistir.

BULGULAR ve TARTISMA

Sulama, Bitki Su Tiiketimi ve Su Kullanma Etkinligi

Denemede bitki su tiketimi konulara goére 469.7-526.4
mm arasinda degismis olup denemede ortalamasi 501.7
mm saptanmistir (Cizelge 3). Bitki su tiketimindeki bu
degisim Gzerine baslangicta azot uygulama oranlarinin
etkisi p<0.05 diizeyinde o6nemli bulunmustur. Nigo
konusundan 526.4 mm dlzeyinde su tiketimi
gerceklesmis olup en fazla su tiketimi bu konuda
meydana gelmistir. Nyo ve No konularindan sirasiyla
481.7 ve 469.7 mm su tlketimi gerceklesmis olup en az
su tlketiminin bu konularda olustugu saptanmistir.
Ekimde azot uygulama dozlarina goére Nso, Neo ve Nag
konularindan sirasiyla 523.6, 491.8 ve 521.2 mm su
tiketimi meydana gelmistir (Cizelge 3). Toplamda
parsellere uygulanan azot miktari ayni olmasina karsin
genel olarak ekimde uygulanan azot dozu orani bitki su
tiketimini etkilemis ve ekim sirasinda disik azot
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uygulanan konularda su tiketimi onemli sekilde
azalmistir.

Ortalama olarak 332.1 mm sulama suyu uygulanan
denemede en az sulama suyu miktari Ny konusuna
306.8 mm ve en fazla N1igo konusuna 359.1 mm verilmistir
(Cizelge 3). Uygulanan sulama suyu agisindan denemede
iki ayri Duncan grubu olusmustur. En az su uygulanan
grupta No ve Nao konusu ve en fazla su uygulanan grupta
ise Nao, Neo, Ngo ve N1go konulari yer almistir.

Uygulanan 1 m3 sulama suyu icin en fazla tohum verimi
(IWUE) Nigo ve Ngo konularindan elde edilirken en az NO
konusundan elde edilmistir (Cizelge 3). Ny konusu
disinda ekim sirasinda daha az oranda azot
uygulamasiyla birlikte sulama suyu kullanma etkinligi
azalmigtir. Bitki azot ihticinin %80’den daha yiksek
oranda uygulanmasiyla bitkinin sulama suyu kullanim
etkinligi artmistir. Dolayisiyla birim sulama suyu

maliyetine karsilik karlilik artirmaktadir.

Sulama suyu kullanma etkinligine benzer sekilde su
kullanma etkinligi de en yiksek oranda Ng ve Nigo
konularindan elde edilirken en az su kullanma etkinligi No
konusunda elde edilmistir. Su kullanme etkinligi (WUE)
toprakta sezon Oncesi depolanan su, sezon esnasinda
yagmurla gelen su ve sulama suyunun tamamini igine
almaktadir. Nigo konusunda bitki tarafindan tiiketilen 1
m?3 suya karsilik olarak 0.26 kg kabak tohumu uretilmistir.
No konusuna gore su kullanma etkinligi N2o, Nao, Neo, Nso
ve Nigo konularinda sirasiyla %62, %31, %86, %99 ve
%119 oraninda daha yiiksek bulunmustur. Bu sonuclara
gore suyu ve azotu olabildigince bitki lst kok bdlgesinde
tutan kontrolli sulamalar altinda kabak bitkisi azot
ihtiyacinin %80’den daha fazlasinin ekimde tabana
uygulanmasiyla hem bitki verimliligi artmis hem de su
kullanim etkinligi artmistir.

Cizelge 3. Ekimde farkl azot uygulama konularina gore bitki su tiketimi ve bilesenleri

Konu Re | AS ETc IWUE WUE
(mm) (mm) (mm) (mm) (kg m?) (kg m™)
No 141.5 312.1b 28.1 481.7 bc 0.18c¢c 0.12c
N2o 141.5 306.8b 215 469.7 c 0.30 abc 0.19 abc
Nao 141.5 344.7 a 34.9 521.2 ab 0.23 bc 0.16 bc
Neo 141.5 327.5ab 22.8 491.8 abc 0.33ab 0.22 ab
Nso 141.5 346.0a 35.2 523.6 ab 0.36a 0.24a
Na10o 141.5 359.1a 25.9 526.4 a 0.38a 0.26a
Ort. 141.5 332.1 28.1 501.7 0.29 0.20

* Re: Etkili yagis, I: Sulama suyu miktari, AS: Toprak depo nem farki, ETc: Bitki su tiketimi, IWUE: Sulama suyu kullanim etkinligi ve

WUE: Su kullanim etkinligi

Kirnak ve ark. (2019) tarafindan Kayseri’'de yapilan
¢alismada Develi poplilasyonu cerezlik kabaga farkli
sulama uygulamalari yapilmis ve bitki su tiiketimi sulama
yapilmayan konuda 293 mm ile tam sulama yapilan
konuda 474 mm saptanmistir. Konya’'da urglp sivrisi
cerezlik kabak popilasyonlari farkli sulama araligi ve
farkli sulama oranlarinda sulanmistir. Farkli sulama
araligl ve sulamalar icin denemenin 1. yilinda bitki su
tiketimi 194.2-660.2 mm arasinda ve denemenin 2.
yiinda 208.6-629.6 mm arasinda degismistir. Yine
Konya’da yapilan bir ¢alismada cerezlik kabaga farkli
oranlarda sulama suyu uygulanmis ve denemenin 1.
yilinda bitki su tiketimi sulanmayan konuda 194.2 mm
ile tam sulanan konuda 625.2 mm ve denemenin 2.
yilinda ise 208.6 mm ile 556.6 mm arasinda degismistir
(Seymen ve ark., 2016). Develi populasyonu cerezlik
kabagin farkhh gelisme donemlerinde uygulanan su
stresine bagh olarak bitki su tliketiminin ve veriminin
onemli oranda degistiginin belirlendigi bir calismada
bitki su tliiketimi 338 mm ile 511 mm arasinda degisim
gostermistir (Sekendur, 2017). Amer (2011) tarafindan
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Misir'da ilkbahar doneminde kabak bitki su tiketiminin
damla sulama ile 304 mm ve karik sulama ile 344 mm
oldugu belirlenmistir. Karik sulama ile Van’da yapilan bir
baska ¢alismada kabak bitki su tiiketiminin 336 mm ile
539 mm arasinda degistigi bildirilmistir (Ertek ve ark.,
2004). FAO 56 Penman-Monteith yontemine gore
Kayseri’de kabagin 430 mm su tlketecegi tahmin
edilmistir (Unliikara, 2014). Kuru tarim kosullarinda
cerezlik kabak bitkisi ekim normunu belirlemek amaciyla
Kayseri’nin Develi ilgesinde yapilan bir calismada bitki su
tiiketimi 107 mm saptanmustir (Unliikara ve ark., 2016).

Bitki ve Toprak Azot Orani

Yiizey toprak katmaninda (0-30 cm) hasat 6ncesi en
ylksek azot orani Nig ve sonra Ngo konularinda ve en
duslik azot orani ise diger konularda belirlenmistir. Bitki
etkili kok bodlgesinin alt yarisinda 30-60 cm toprak
katmaninda en ylksek azot orani Ngo ve N1go konularinda
ve en distk azot orani Ng, Nzo ve Na konularinda
saptanmustir (Sekil 1). Etkili kok bolgesi altinda kalan 60-
90 cm toprak tabakasinda ise en yliksek azot orani Nigo
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konusunda gozlenmekte olup ekimde uygulanan azot
oranina paralel olarak bu katmanda azot oraninin
giderek azaldigi gorilmektedir. No konusuna da
toplamda 120 kg ha? azot uygulanmis ve bu uygulama
tamamen fertigasyonla gergeklestirilmistir. Toprak nemi
dikkate alinarak hesaplanan sulama siresinin son yarim
saatinde gerekli giibre miktarlari glibre tanki vasitasiyla
suda eritilerek sisteme enjekte edilmistir. Bu sekilde
sulama sonunda glibre uygulamasiyla azotun bitki Ust
kok bolgesinde yikanmadan depolanmasi amaglanmustir.
No, N2o ve Nao konularina bliylik oranda sulama suyu ile
azot uygulanmasina karsin  60-90 cm toprak
tabakasindaki azot orani Ngo ve Nigo konularindan gok
daha disik olmasindan dolayr bu katmandaki azot
artisininin ~ sulamalardan  kaynaklanmadigi  sonucu
cikarilabilir. Ancak toprak nemi ve tarla kapasitesi nem
dizeyi dikkate alindiginda deneme basinda Mayis
ayindaki yagislarin derine sizmaya neden oldugu
hesaplamalarla gérilmus ve Ust kdk bolgesindeki azotun
bu sekilde alt toprak katmanlarina indigi sonucuna
varilmistir.

Sekil 1'de bitki yapraklarinda, meyvesinde ve
tohumlarinda saptanan azot oranlarinin konulara gore
degisimi verilmistir. Yapraklarda ortalama 0.54 mg kg*
olarak belirlenen azot orani en yiksek Nigp ve Nego
konularindan sonra Ngg ve No konularinda ve en disik
N2o ve Ng konularinda saptanmistir. Ekimde azot
uygulama oranlarindan farkli bir yaprak azot orani ortaya
cikmistir. Meyvelerde ortalama 0.37 mg kg? olarak
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saptanan azot oraninin konulara gore degisimi énemli
bulunmamistir. Kabak c¢ekirdegi tohumlarinda 0.44-1.12
mg kg' arasinda azot orani énemli sekilde degisim
gostermistir. En ylksek azot orani Nigp ve Nsgo
konularinda saptanmis olup ekim sirasinda uygulanan
azot oranina paralel sekilde tohum azot orani azalmis ve
en diisiik NO konusunda 0.44 mg kg* olarak saptanmustir.
Mohammad (2004) yazlik kabak tzerine yapmis oldugu
¢alismada giceklenme basinda, meyve dénemi ortasinda
ve meyve donemi sonunda sirglnlerde azot igerigini
saptamistir. lki donem yapmis oldugu bu calismada
meyve donemi sonunda azotun meyvelere dogru
yonlenmesi sonucunda sirgiinlerdeki azotun azaldigini
belirtmistir.

Sekil 2’de deneme siiresince cesitli donemlerde spad
okumlari  alinmis ve konulara gore degisimi
gosterilmistir. Nigo, Nso ve Ngo konularinda 14.06.2016
tarihinde toplam klorofil miktar vyaklasik benzer
diizeylerde olup No, N2o ve N4o konularindan daha yliksek
goriinmektedir. Nijgo ve Ngo konularinda 28.06.2016
tarihine kadar toplam klorofil miktari belirgin bir sekilde
artis gostermis ve sonrasinda hasada dogru giderek
azalmistir. Sulamalarla birlikte ekimde verilmeyen azot
verilmesine karsilik Ny, Nso ve Nz konularinda
baslangicta belirlenen klorofil miktari hasada dogru
disik bir egimde siirekli sekilde azalmistir. Ng
konusunda ise fertigasyonla azot uygulamasinin etkisiyle
28.06.2016 tarihine dogru bir artis olmus ve sonrasinda
hasada dogru azalmistir.

Yaprak azotu

0.60 0.64 , 0.64

0.7

Azot (mg/kg)

NO N20 N40 N60 NS8O N100

Tohum azotu 1.12 1.12
12 -+
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Sekil 1. Hasatta toprak, yaprak, meyve ve tohumlarda konulara gore azot orani degisimi
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Sekil 2. Ekim sirasinda farkli azot uygulama oranlari konularinda farkli tarihlerde spad okumalarinin gelisme dénem
boyunca degisimi (Spad 1: 14.06.2016; Spad: 28.06.2016; Spad 3: 28.07.2016)

Tohum Ekimi Sirasinda Farkli Azot Uygulamalarinin
Yaprak Alanina Etkisi

6 ve 27 Haziran 2016 tarihlerinde iki kez bitki yaprak alani
6lcilmistiir. Her bir kabak bitkisine 0.6 m? alan
dismekte olup bitki basina yaprak alanlarinin degisimi
Sekil 3'te gosterilmistir. Ekimden yaklasik olarak 37 glin
sonra saptanan ilk yaprak alani degerleri arasindaki fark
onemli bulunmamistir. Sekil 3’den de gorildigu lGzere
NO konusunda 423 cm? olan toplam yaprak alani N8O
konusunda 956 cm? degerine ulasmis ve tiim konular igin
ortalama 725 cm? saptanmistir. ilk yaprak él¢iimiinden
yalnizca 21 glin sonra 27 Haziran 2016 tarihinde yapilan
yaprak Ol¢iim sonuglarina gore ortalama yaprak alani
2738 cm? degerine ulagsmistir. Her iki 6l¢lim arasinda bu
dénemde bitki hizli bir gelisme sergilemis ve toplam
yaprak alani 3.78 kat artmistir. 1.6l¢iim tarihine gore
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Yaprak alam2 (cm?)

20Igum tarihinde Nigo, Ngo, Nso, Nao, N2g ve Npg
konularinda toplam yaprak alani sirasiyla 3.1, 2.2, 2.2,
3.2, 4.0 ve 8.0 kat daha fazla artmistir. Nigo konusunda
yaprak alani ¢cok acik bir farkla artis géstermistir (Sekil 3).
2.6lcimde ekim sirasinda azot uygulama konularina gére
yaprak alaninda 6nemli degisiklikler meydana gelmistir.
En yiksek toplam yaprak alani Nigo konusunda 5375 cm?
olarak saptanirken ekim sirasinda azot uygulamalarina
paralel olarak toplam yaprak alaninda disiis meydana
gelmis en disik yaprak alani NO konusunda 1330 cm?
olarak saptanmistir. Ancak No, N2g ve Nag konulari toplam
yaprak alani agisindan ayni istatistik grupta yer almistir.
Nso ve Neo konulari toplam yaprak alani agisindan
sirasiyla 2. ve 3. sirada yer almistir. No konusuna gore
N10o, Ngo ve Neo konularinda sirasiyla %304, %191 ve %98
oraninda toplam yaprak alani daha yiiksek bulunmustur.
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Sekil 3. Ekim sirasinda farkli azot uygulamalarina gore 8 ve 27 Haziran 2016 tarihlerinde dlglilen yaprak alanlarina
etkisi

Rouphael ve Colla (2005) yilinda hidrofonik sistemde
ylzey damla ve ylzey alti damla sulama sistemleriyle
ilkbahahar-yaz ve yaz-sonbahar doénemlerinde sakiz
kabagl yetistirmistir. Bu c¢alismada ilkbahar-yaz
doneminde damla sulama ve ylizey alti damla sulama igin
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bitki basina yaprak alani sirasiyla 22200 ve 16300 cm?

elde edilirken yaz-sonbahar déneminde 11900 ve 10000
cm? yaprak alani elde edilmistir. Bu degerler yapmis
oldugumuz bu c¢alismadaki degerlerin ¢ok Uzerindedir.
Hidrofonik sistemin ve kullanilan kabak cesitlerindeki
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farkhlik nedeniyle yaprak alaninda onemli farkliliklar
gbstermistir. Cebeci ve ark. (2017) tarafindan yari kurak
sartlarda 2012, 2013 ve 2015 vyillarinda bitki basina
cerezlik kabak yaprak alani geleneksel kuru tarim
konusunda sirasiyla 1739 cm?, 1512 ¢cm? ve 3331 cm?
belirlenmis olup su hasadi konularinda sirasiyla 2670-
3559 cm?, 1885-2556 cm? ve 3381- 4636 cm? arasinda
degistigi belirtilmistir.

180
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Ort. yaprak alam 1 (cm?)

NO N20 N40 N60 N80 N100

Ort. Yaprak Alam2 (cm?)

Sekil 4’te gorildugi gibi 8 Haziran 2016 tarihinde yapilan
Olcimlerde ortalama yaprak alani konulara gére énemli
sekilde degismezken 27 Haziran 2016 tarihinde yapilan
Olcimlerde ortalama vyaprak alani 6nemli sekilde
degismistir. 2.6lclimde ekim sirasinda en yiksek oranda
azot uygulanan konudan hi¢ uygulanmayan konuya gore
ortalama yaprak alani azalmistir. Ekim sirasinda azotun
%100’Unin uygulanmasiyla cerezlik kabak bitkisinin
gelistirdigi her bir yapragin ortalama alani da artmistir.
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NO

N20 N40 N60 N80 N100

Sekil 4. Ekim sirasinda farkli azot uygulamalarina gore 8 ve 27 Haziran 2016 tarihlerinde ortalama yaprak alani

Ekimde Farkli Azot Uygulamalarinin Meyveye Etkisi

Denemede hasat edilen meyvelerin ortalama agirligi
2.60 kg olarak belirlenmis olup meyve agirliklari 1.03-
3.56 kg arasinda degisim gostermistir. Tohum ekiminde
tabana uygulanan bitki azot oranlarina gore ortalama
meyve agirligi dnemli derecede (p<0.01) degismistir. No,
N2o, Nao, Neo, Nso ve Nigo konularinda ortalama meyve
agirhgi sirasiyla 1.71 kg, 1.71 kg, 3.11 kg, 2.69 kg, 3.12 kg,
3.24 kg saptanmistir (Sekil 5). En dolgun ve agir meyveler
tohum ekimi sirasinda bitki azot ihtiyacinin %40 ve daha
fazlasi uygulanan konulardan elde edilmis ve bu konular
icin meyve agirhg ortalama %78 artmistir. No konusuna
gore ortalama meyve agirhiginda N, Nso, Nso ve Nigo
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konulari igin sirasiyla %82.4, %57.6, %82.8 ve %90 artis
saglanmistir.

Cerezlik kabak meyve agirhginin gesit ve genotiplere gore
degistigi cesitlli arastirmalar ile belirlenmistir. Ornegin
cesitli kabuksuz cekirdekli kabak hatlariyla Adana’da
ylriatilen bir calismada ortalama meyve agiliginin 1.09-
2.24 kg arasinda (Yegil ve ark., 2012) ve Erzurum’da 9
farkh kabak genotipi meyve agirhginin 2.04-5.45 kg
arasinda degistigi belirtilmistir (Turgut, 2015). Develi
popillasyonu ile Develi'de kuru tarim sartlarinda
yaratdlen bir calismada meyve agirliginin sira arasi
mesafeden etkilendigi ifade edilmis ve ortalama meyve
agirhgr 1.89 kg belirlenmistir (Unliikara ve ark., 2016).

4.79

(kg)

4.01

Bitki meyve verinui

NO N20 N40 N60 N80 N100

Sekil 5. Tohum ekiminde tabana farkli azot uygulama oranlarinin meyve agirligina ve bitki meyve verimine etkisi
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Develi’de iki ayri lokasyonda kuru tarim kosullarinda sirt-
karik mikro havza su hasadi etkinligini incelemek igin
yapilan bir calismada Develi popilasyonu icin 2015
yihinda meyve agirhginin 1.5-3.7 kg arasinda degistigi
rapor edilmistir (Cebeci ve ark., 2017). Birinci ve ikinci
Urin olarak vyetistirilen Develi poptlasyonu cerezlik
kabagin meyve agirligi gelisme dénemlerinden 6nemli
derecede etkilenmedigi ve meyve agirhginin 2.5-3.70 kg
arasinda degistigi bildirilmistir (Bakir, 2017). Urgiip sivrisi
genotipinde meyve agirligi hem artan sulama araligi ile
birlikte hem de artan su stresiyle birlikte azalmistir
(Seymen ve ark., 2016). En disik meyve agirligina
¢iceklenme donemi su stresinin neden oldugu saptanan
bir baska calismada Develi popllasyonu icin meyve
agirhginin farkh dénemlerde yasanan su stresine gore
1.5-3.2 kg arasinda degistigi ifade edilmistir.

Bitki basina meyve verimi 1.16-5.54 kg arasinda degismis
ve her bir bitkiden 3.22 kg meyve elde edilmistir. Meyve
verimindeki degisim Uzerine tohum ekimi sirasinda
uygulanan farkli azot oranlarinin etkisi 6nemli (p<0.05)
bulunmustur. Calismada bitki basina en yiiksek meyve
verimi Nigo konusundan 4.79 kg elde edilirken en diisik
No konusundan 1.91 kg elde edilmistir. Ngo, Neo, Nso ve
N20 konularinda ise sirasiyla 4.01 kg, 3.33 kg, 3.02 kg ve
2.55 kg meyve verimi alinmistir. No konusuna gore Nao,
Nao, Neo, Nso ve Nigo konularindan alinan bitki meyve
veriminde sirasiyla %34, %58, %74, %110 ve %151
oraninda artislar saptanmistir. Tohum ekimi sirasinda
bitki azot ihtiyacinin %80 ve Ulzerinde karsilanmasi, bitki
meyve verimini en az 2 kat artirmistir.

Warid ve ark. (1993) tarafindan yapilan bir ¢alismada
ortalama 4.64 kg meyve alindigi ve bitki meyve veriminin
0.47-12.67 kg arasinda degistigi belirtilmistir. Toprak
nem tansiyonu 40 cbar ve 60 cbar degerlerinde yapilan
sulamalarin bitki meyve verimini etkilemedigi belirtilen
bir baska calismada meyve veriminin birinci ve ikinci
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Urdn olarak yetistirilmesi durumunda 2.4-4.5 kg arasinda
onemli sekilde degistigi saptanmistir (Bakir, 2017). Abak
ve ark. (1990) tarafinda GAP bolgesinde vyapilan
cahismalarda bitki meyve verimi 1. yil 0.4-2.11 kg ve 2. yil
0.79-3.18 kg arasinda degistigi bildirilmistir.

Denemede ortalama 19.1 cm olan meyve ¢api 21.4-16
cm arasinda degismistir. Meyve ¢apindaki bu degisim
Uzerinde ekimde farkli oranlarda uygulanan azotun etkisi
6nemli (p<0.05) bulunmustur. Asagida Sekil 6’da
gosterildigi gibi Nioo, Nso, Neo, Nao, N2o ve No konulari
meyve ¢aplari sirasiyla 21, 21, 20, 19, 18 ve 17 cm
saptanmistir. En yliksek meyve ¢api ekimde %100 ve %80
azot uygulamalarindan elde edilirken en disiik meyve
capl ise ekimde hi¢ azot uygulanmayan konudan elde
edilmistir. Nigo konusundan No konusuna dogru tohum
ekiminde azot uygulama oranlarina paralel olarak bitki
meyve c¢api diisls gostermistir. No konusuna gore N80 ve
Nigo konusunda meyve capi %21.3 ve %22.7 oraninda
daha fazla gelismistir.

Konya’'da 124 cerezlik kabak genotipiyle yapilan 2 yillik
bir calismada meyve capi birinci yil 10.5-23 cm ve ikinci
yil 11.2-28.5 cm arasinda degistigi saptanmistir (Seymen,
2010). Erzurum’da kabak meyve capinin genotiplere
gore 6nemli sekilde degistiginin belirtildigi bir calismada
ise genotiplere gore meyve capi 11.7 cm ile 23.75 cm
arasinda  bulunmustur  (Turgut, 2015). Develi
popullasyonu cerezlik kabak kullanilarak Kayseri'de
birinci ve ikinci Urlin olarak vyetistirilen kabaklarin
ortalama ¢apinin 16.5-24.1 cm arasinda degistigi
saptanmistir (Bakir, 2017). Yine Kayseri’de ayni genotiple
yuratilen bir diger ¢alismada, farkli  gelisme
doénemlerinde su stresinin etkisi arastiriimis ve meyve
¢apinin 15.7-20.7 cm arasinda degistigi belirtilmistir
(Sekendur, 2017). Farkh gelisme donemlerindeki su
stresinin meyve c¢apina etkisi 6nemli bulunmamustir.

NO N20 N40 N60 N80 N100

Sekil 6. Tohum ekiminde tabana farkli azot uygulama oranlarina gére meyve ¢api (cm) ve meyve tohum verimi
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Seymen ve ark. (2016) tarafindan 1. yil 13.23-16.96 cm
ve 2. yil 11.32-15.68 cm arasinda belirlenen cerezlik
kabak meyvesi ¢aplarinin asiri su stresi altinda distigu
ifade edilmistir.

Meyve tohum verimi net tohum agirhginin meyve
sayisina bolinmesiyle hesaplanmigtir. Denemede meyve
basina ortalama 46.3 g kabak tohumu alinmis ve meyve
tohum verimi 28-61.9 g arasinda degismistir. Bu degisim
Uzerine ekimde farkli oranlarda azot uygulamasinin etkisi
onemli (p<0.05) bulunmustur (Sekil 6). En yliksek meyve
basina tohum verimi 55.67 g ile N1igo ve 57.43 g ile Ngo
konularindan ve en dusik ise 30.53 g olarak Ng
konusundan elde edilmistir. Sirasiyla Nso, Neo, Nao ve Nag
konularindan meyve basina 55.67 g, 52.43 g, 42.98 g ve
41.5 g tohum verimi alinmistir (Sekil 6). No konusuna
gore Nigo ve Ngo konularinda meyve basina tohum verimi
sirasiyla %82 ve %88 daha fazla bulunmustur. Bu
sonuglara gore ekimde azotun %80 veya daha fazla
uygulanmasiyla meyve basina tohum verimi biylk
oranda artmistir.

Erzurumda 9 farkh cerezlik kabak genotipiyle yiritilen
bir calismada meyve basina ortalama 1. yil 54.74 g ve 2.
yil 71.44 g tohum verimi alinmistir (Turgut, 2015).
Konya’'da ise 124 gerezlik kabak genotipi denemesinde
birinci ve ikinci yil sirasiyla 52.7 g ve 54.73 g meyve
basina tohum verimi elde edilmistir. Trakya Boélgesinde
60 cerezlik kabak materyalinden meyve basina ortalama
30-100 g arasinda tohum verimi saglanmistir (Seymen,
2010). Murkovig ve ark. (1997) tarafindan meyve basina
126 g'in (izerinde tohum verimi alindigi rapor edilmistir.
Bir baska arastirmada kabaksuz gerezlik kabak hatlariigin
meyve basina 1.4-64.1 g tohum elde edildigi belirtilmistir
(Warid ve ark. 1993). Develi popilasyonu cerezlik
kabagin birinci ve ikinci Urin olarak Kayseri'de
yetistirilmis oldugu calismada meyve basina 49.4-72.5 g
arasinda ortalama 62.2 g tohum verimi elde edilmistir.
Farkh gelisme dénemlerinde su stresi uygulamalarinin

26000 -

24000 -
21399

20590
19412 b
b

20550

22000 A
b

18721
b

20000 A

18000 -

16000 -

Meyve sayisi (adet/ha)

14000 -

24567
a

NO N20 N40 N60 N80 N100

Meyve verimi (t/ha)

meyve tohum verimini etkilediginin saptanmis oldugu bir
calismada ise meyve basina tohum verimi 34.7-63.2 g
arasinda degismistir. Meyve tohum verimini ¢iceklenme
doneminde vyasanan su stresi ©6nemli oranda
duslrmastdr.

Tohum ekiminde farkli oranda azot uygulamalari, birim
alandan hasat edilen meyve sayilarinda 16,667-26,812
adet.ha? arasinda bir degisime yol acmistir. Ortalama
olarak bir hektardan 20,784 adet kabak meyvesinin hasat
edildigi denemede meyve sayilari lizerine ekim sirasinda
farkh azot uygulama oranlarinin etkisi 6nemli (p<0.05)
bulunmustur. Sirasiyla No, Nz, N, Neo ve Nigo
konularindan 18721 adet, 20550 adet, 19412 adet,
20590 adet, 21399 adet ve 24567 adet ha™ meyve hasat
edilmistir (Sekil 7). Konular arasinda en fazla meyve Nigo
konusundan hasat edilmistir. Genel olarak Ngo
konusundan No konusuna dogru hasat edilen meyve
bakimindan azalan bir trend olsa da bu konularin hepsi
ayni Duncan siniflamasi icerisinden yer almis ve Nigo
konusuna gére daha az meyve alinmistir. No konusuna
gore Nao, Nao, Neo Ve N1go konularinda hasat edilen meyve
sayilarinda sirasiyla %9.8, %3.7, %10, %14.3 ve %31.2
oraninda artis goriilmektedir.

Farkh gerezlik kabak genotipleri kullanilarak Erzurum’da
yuratilen 2 yilik bir ¢alismada bitki basina meyve
sayisinin  genotiplere gore 1.47-4.4 adet arasinda
degistigi belirtilmistir (Turgut, 2015) Konya da yapilan bir
diger calismada bitki basina meyve sayisinin sulama
araligi ve uygulanan sulama suyundan etkilendigi
belirlenmistir. Sulamalarin 7 glinden 21 giine gikarilmasi
durumunda bitki basina meyve sayisi 1.yill 1.01 adetten
0.89 adete ve 2.yil 0.80 adetten 0.73 adete distlgu
saptanmistir.  Sulamanin  %100’Gnin  karsilandigl
konularda her bitkiden 1.yil 1.07 adet ve 2.yil 0.99 adet
meyve alinmasina karsilik hi¢ sulanmayan konularda 1.yl
0.78 adet ve 2.yil 0.46 adet meyve alinmistir (Yavuz ve
ark., 2015). Dolayislyla bitki meyve sayisi tGzerine farkl
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Sekil 7. Tohum ekimi sirasinda tabana farkli azot uygulama oranlarinin birim alandan alinan meyve sayisi ve meyve
verimine etkisi
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cesit ve genotipler yaninda su stresi de etkili olmustur.
Birinci Grlin ve ikinci Grln olarak Develi popllasyonunun
yetistirildigi bir baska c¢alismada Macar fig-tritikale
karisimi sonrasi ikinci yetistirme doneminde cerezlik
kabaklarda meyve sayisinin azaldig ifade edilmistir.
Birinci donemde her bitkiden ortalama 1.20 adet meyve
alinmasina karsilik ikinci donemde ise 1.0 adet meyve
alinmistir (Bakir, 2017).

Denemede birim alandan ortalama olarak 53.69 t ha™
meyve verimi alinmis olup bu verim 19.35-92.38 t ha®
arasinda degismistir. Bu degisim Uzerine tohum ekimi
sirasinda  bitki azot ihtiyacinin farklh oranlarda
uygulanmanin etkisi 6nemli (p<0.05) bulunmustur. Sekil
7'den de gorilebilecegi gibi ekimde tabana uygulanan
azot oraninin azalmasina paralel olarak meyve veriminde
azalma olustugu belirlenmistir. En yliksek meyve verimi
N10o konusundan 79.88 t ha® elde edilirken en diisiik NO
konusundan 31.87 t ha* elde edilmistir. Meyve verimi No
konusuna gore N3, Nao, Neo ve Nigo konularinda sirasiyla
%33, %58, %74, %110 ve %151 oraninda artmistir.

Kisith sulama uygulamasinin Misir sartlarinda kabak
Uzerine etkisinin arastirilmis oldugu bir calismada su
stresine bagh olarak 24.64-41.30 t ha' meyve verimi
alinmistir (Amer, 2011). Konya’da sulama araligina bagh
olarak 1.yil meyve verimi 23.7-35.8 t ha ve 2.yil 17.7-
24.4 t ha' arasinda degistigi belirlenmis olup uygulanan
su stresine bagh olarak ta 1.yil 14.8-41.8 t ha* ve 2.yil
7.3-29.4 t ha't arasinda degismistir (Yavuz ve ark., 2015).
Konya’da ydiritilen bu calismada 100 kg ha' azot
uygulamasi yapilmis ve yarisi ekimde diger varisi ise
meyve tutum déneminde verilmistir.

Farkl toprak tansiyonunda sulanan gerezlik kabaklarin
birinci ve ikinci Uriin olarak yetistirilmesinin arastirildigi
bir denemede bir hektardan 40.28 ton ile 66.96 ton
arasinda meyve verimi alinmistir. Develi
popilasyonunun kullanildigl s6z konusu calismada bitki
azot ihtiyaci 120 kg ha?alinmis ve bu azotun yaklasik
%401 ekim sirasinda diamonyum fosfat giibresi seklinde
uygulanirken geriye kalan azot iki esit pargaya bolinmus
ve bitki cikislarindan sonra fertigasyonla (re glibresi
seklinde uygulanmistir (Bakir, 2017). Ekimde farkli azot
uygulama oranlarinin arastirildigi bizim bu ¢alismada da
bitki azot ihtiyaci 120 kg ha? olarak alinmis ve Nigo
konusuna bu azotun tamami ekimde uygulanirken Ngo,
Neo, Nao, N2o ve Ng konularina sirasiyla %80, %60, %40,
%20 ve %0 kadari uygulanmistir. Geri kalan azot 5 esit
parcaya bollinerek fertigasyonla uygulanmistir. Bakir
(2017) tarafindan elde edilen en yiiksek meyve verim
degeri (66.96 t hal), bizim calismada elde edilen en
ylksek 92.38 t ha-1 degerinden daha disiktir. Bu sonug
azotun cerezlik kabaga bollinerek uygulamasinin meyve

207

veriminde disuslere yol actigini saptadigimiz bu
calismamizin sonuglarini desteklemektedir.

Farkh azot dozlarinin kabak (Cucurbita pepo CV. Diamant
L.) gelisimi ve verimine etkilerini belirlemek icin Rwando’
da yiritilen bir calismada 0, 40, 80, 120 ve 160 kg N ha-
1 uygulama yapilmistir. En fazla yenebilir kabak meyvesi
verimi 120 kg N ha* uygulamasindan 11.3 t ha* alinmistir
(Ng’etich ve ark., 2013). Zotorelli ve ark. (2008) plastik
malch sisteminde yazlk taze kabak azot ve su kullanim
etkinligini belirlemek igin yapmis olduklari galismada 145
kg ha olarak énerilen azot dozunun altindaki dozlarda
kabak veriminin azalmasina karsin daha lzerinde azot
uygulanan dozlarinda ise kabak veriminin artmadigini
belirtmistir. Florida’da ticari sebze Uretim el kitabinda
glbre yonetimi icin en glincel 6neriler sunulmustur.
Kabak Uretimi icin toprak fosfor ve potasyum
konsantrasyonlari dusiik oldugunda 168 kg N ha?, 134 kg
P,Os ha ve 134 kg K,O ha? giibre dozlari dnerilmistir
(Simonne ve Hochmuth, 2010).

Yapilan bu ¢alismada hektara 120 kg N ve 120 kg P,0s
uygulamasi gerceklestirilmistir. Literatlirde 6nerilen en
disitk azot dozu kullanilmistir. Varol ve ark. (2019)
tarafindan 2 yil yiritilen bir ¢calismada kompost glibre
ve 120 kg ha-1 azot dozu uygulamasiyla her iki yil daha
kararli sonuglar alindigi bu nedenle cgerezlik kabak
tariminda toprak organik maddesinin artirilmasi ve
sulanan alanlarda 120 kg ha? azot uygulama dozunun
yararli olacagi belirtilmistir.

Ekimde Farkhi Azot Uygulamalarinin Cerezlik Kabak
Tohum Verimi ve 1000 Tane Agirligina Etkisi

Net tohum verimi en disik ve en yiiksek 505 - 1568 kg
haarasinda degismistir. Ekim sirasinda farkl oranlarda
azot uygulanmasi sonucu tohum verimi 6nemli sekilde
(p<0.05) etkilenmistir (Sekil 8). En yiksek tohum verimi
N1oo Ve Ngo konularindan sirasiyla 1368 ve 1230 kg ha™
belirlenirken en az net tohum verimi NO konusundan 571
kg hal saptanmistir. Ekim sirasinda hi¢ azot
uygulanmayan No konusuna gore Nao, Nao, Nso, Nso ve N1go
konularindan sirasiyla %42.1, %55.8, %89.4, %115.4 ve
%139.6 oraninda daha fazla tohum verimi elde edilmistir.
Nitekim Zotarelli ve ark. (2008) tarafindan bitki icin
sulama yonetimi kadar azot uygulamasi ve
zamanlamasinin da kritik oldugu belirtilmis olup yeralti
suyuna azot yikamasi yapilmaksizin bitki verimi igin
yeterli azot saglanmasinin gerekliligi vurgulanmistir.
Benzer sekilde Hochmuth ve Hanlon (2010b) tarafindan
uygulanacak glibre oranlari modern gilibreleme
Onerilerinin yalnizca bir pargasini olusturdugu, dogru
glbre Onerileri ayni zamanda gilibre materyalini,
sulamayi, uygulama yerini ve uygulama zamanlamasini
icine almasi gerektigini bildirmistir.
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Sekil 8. Tohum ekimi sirasinda tabana farkli azot uygulama oranlarinin birim alandan alinan meyve sayisi ve meyve
verimine etkisi

Bu calismadan elde edilen verim sonuglari diger
calismalarda belirtilen verim sonuclari araliginda
cikmistir.  Ornegin Kirnak ve ark. (2019) Develi
popllasyonu cerezlik kabak tohumu ile Kayseri’de farkli
sulama oranlarina gére tohum verimlerini 470-1420 kg
ha’l, Bakir (2017) farkli ekim zamanlarina gére 800-1277
kg ha?, Sekendur (2017) farkli dénemlerde su stresine
gdre 660-985 kg ha?, Yavuz ve ark. (2015) Konya’da farkli
sulama araliklari icin 527-980 kg ha™ ve farkli sulama
oranlari icin 247-1131 kg ha, Turgut (2015) 9 farkli
kabak genotipi icin 462-1140 kg ha™, Cakir (2000) farkli
sulama seviyeleri icin 499.7-1268.1 kg ha* ve Raymond
(1999) tarafindan kabuklu cesitlerde 500-1000 kg ha™
tohum verimleri verilmistir.

Elde edilen ¢ekirdeklerin dolgun ve iri olmasi pazar
degeri ve tohumluk olarak kullanimi agisindan son
derece 6nemlidir. Calismada ekim sirasinda farkli azot
uygulama konulari arasinda bin tane agirligi énemli
sekilde (p<0.05) farkh bulunmus olup bin tane agirligi
ortalama 180.5-278 g arasinda degisim gostermistir. Bin
tane agirligi bakimindan en iyi sonu¢ Ngo konusundan
255.4 g elde edilmistir. Daha sonra sirasiyla Nigo
konusundan 242.0 g, Ng konusundan 231.9 g, Ng
konusundan 221.6 g, Ny konusundan 207.1 g elde
edilmistir. En dlsik bin tane agirligi sonucu Ng
konusundan 191.5 g alinmistir (Sekil 8). Cerezlik kabakta
1000 tane agirhg, ekim sirasinda uygulanan azot
dozlarina gore degismistir. Ng konusuna gére Ngo ve Nigo
konularinda 1000 tane agirhgl sirasiyla %34 ve %27
oraninda artmistir.

Bu ¢alismadan elde edilen bin tane agirligi sonuglari diger
calismalardan elde edilen sonuglarla uyusmaktadir.
Ornegin Tekirdag sartlarinda 10 farkli cerezlik kabak
genotipi icin 1000 tane agirhginin 162.1-270.8 g arasinda
(Seker, 2012), Erzurum’da 9 farkl genotip icin ortalama
olarak 1.yl 185.5 g ve 2.yl 217 g (Turgut, 2015), farkli
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sulama rejimleri icin 157-198 g (Yavuz ve ark. 2015) ve
102-158 g bildirilmistir.

OzZET

Amag: Bu calismada toprak nem olglimiine dayali
kontrollii sulama sartlarinda c¢erezlik kabak azot
ihtiyacinin %100, %80, %60, %40, %20 ve %0 kadari ekim
sirasinda uygulanmis ve azotun ekimde uygulanmayan
kismi 5 esit pargaya bolinerek fertigasyonla
uygulanmistir. Bu sekildeki bir uygulamanin cerezlik
kabak su kullanimi ve verimliligi gibi bir takim
ozelliklerine etkisi incelenmistir.

Yéntem ve Bulgular: Azotun %100 ve %80’inin ekim
sirasinda uygulanmasiyla yapraktaki toplam klorofil
miktari gelisme donemi boyunca diger konulardan hem
daha yiksek bir seyir gostermis hem de dénem
ortalarina dogru arttiktan sonra hasada dogru
dismustir. Ekim sirasinda %100 azot uygulamasi
sonucunda ortalama yaprak alani ve toplam yaprak alani
artmistir.

Genel Yorum: Ekimde azotun en az %80 ve lizerimde
uygulanmasi ve toprak nem 6lciimiine dayah kontrolli
sulamalar sonucu sulama suyu kullanim etkinligi, su
kullanim etkinligi, bitki meyve sayisi, meyve verimi,
meyve tohum verimi, tohum verimi ve 1000 tane
agirliginda 6nemli artislar meydana gelmistir.
Calismanin Onemi ve Etkisi: Cerezlik kabak tiretiminde
kontrolli sulama sartlari altinda bitki azot gereksiniminin
en az %80’inin ekim sirasinda uygulanmasi verimlilik ve
karhhk agisindan 6nemli sonuglar doguracaktir.
Anahtar Kelimeler: Ekim sirasinda azot oranlari, develi
balkabagi popilasyonu, bitki blyiimesi, su tiketimi.

CIKAR CATISMA BEYANI
Yazarlar c¢alisma  konusunda
olmadigini beyan eder.

ctkar  gatismasinin
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Aims: In the recent years Agricultural products that use water effectively
have become important due to climate changes. Since sweet sorghum is
more tolerant to drought and higher temperatures than other crops, it is
important to know the different water levels of the plant. The aim of this
study was to determine the effects of different water levels on biomass
and bioethanol yields in second crop sweet sorghum under Cukurova
conditions.

Methods and Results: The study was carried out in the year of 2017, in the
research field of Cukurova University, Faculty of Agriculture, Department
of Agricultural Structures and Irrigation by using randomized block design
with 3 replications. In the experiment, different irrigation water levels (11,
12, 13, 14) were applied during plant development periods. In this research,
irrigation water was applied to the experimental treatments between
479.6 mm and 227.8 mm.

Conclusions: : In the study, it was found that different water levels had a
significant effect on dry matter yield and bioethanol yields, dry matter
yield was ranged from 6007.4 kg da™ to 3661.8 kg da’’, bioethanol yield
was also ranged from 189 L da® to 326 L da™®. Irrigation water use
efficiencies (IWUE) were determined between 16.07 kg m and 12.43 kg
m-3. Water use efficiencies (WUE) also were between 10.2 kg m3 and 9.4
kg m?3. The yield respons factor (ky) value was determined as 1.17.
Significance and Impact of the Study: In the study, different irrigation
water levels were applied and it was obtained that the highest yield was
taken from fully irrigated treatment (I11) and the lowest yield was taken
from the least irrigated treatmen (I14). According to irrigation water levels,
yields decreased in parallel.

Keywords:
Sorghum, Deficit irrigation, Yield, Water
use efficiency, Bioethanol, Biomass.
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GiRiS

Fosil yakit fiyatlarindaki artis, tikenmekte olan petrol
rezervleri ve en dnemlisi geleneksel adiyla “sera etkisi”
kiiresel 1sinmanin ilerleyisi, enerji bitkilerinin énemini
daha da arttirmistir. Karlihgi degerlendirmek ve
yayginlastirmak icin enerji bitkilerinin ekimi, en uygun
olanini segmek ve bu iki sarti yerine getirirken yasanilan
belirli olaylarin sonucunda sulama suyundaki azalma,

dizensiz diisen yagmur suyu, artan hava sicaklgi vs. gibi
kosullar altinda elde edilebilcek maksimum verim 6n
kosul hale gelmistir.

Tarimsal lretimde, en O©nemli girdilerden birisi
sulamadir. Glnlmiuzde, az iscilik ve az enerji kullanimi
gerektiren, verim ve kaliteyi artiran damla sulama
yonteminin  kullaniminin  énemi her gecen gin
artmaktadir. Sorgum  Uretiminde diger tarimsal
uygulamalarin yaninda, sulamadan en etkin bir bigcimde
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yararlanmak, verim ve kaliteyi en fazla saglamak igin,
damla sulama ile bitkilere verilecek sulama suyunun
miktar ve zamaninin bilinmesi de 6nemlidir.

Sulamanin, sorgum bitkisinin  verimini arttirdig
¢alismalarla kanitlanmigtir. Sulamanin miktari ve sayisi,
bolge iklimine ve toprak yapisina bagl olarak degiskenlik
gostermektedir. Sorgumun salkimlanma ve giceklenme
doneminde su tiketiminin arttig yapilan g¢alismalarla
anlasiimistir (Al-Kaisi ve Broner, 2010).

Sorgum bir C4 bitkisidir, fotosentetik veriminin yilksek
olmast ile taninir. Ayrica, sorgum, biiylime 6zelliklerinde
degiskenlik gosteren yillik bir Grindir. Sorgumla ilgili
yapilan c¢alismalarda, tahil ve yem tipi sorgum
cesitlerinde dort karbonlu fotosentetik yollarla birlikte %
30 daha fazla kuru madde elde edildigi ve tg¢ karbonlu
Uranlere kiyasla, yari-kurak bolgelere daha fazla adapte
oldugu belirtilmistir (Samson ve Knopf, 1994).

Ankara kosullarinda sorgumla vydratilen farkh ekim
zamani ve ekim sikliginin  verime olan etkisini
arastirdiklari ¢alismada, en yiliksek verimin 40x20 cm
bitki sikhgi ile 20 Nisan’da yapilan ekimden elde edildigi
bildirilmistir (Emeklier ve Kbksoy, 1997).

Tath Sorgum kurak iklim kosullarina karsi yiksek
toleransa sahip oldugundan, sicak ve kuru iklim
kosullarinda etanol Uretiminde hammadde olarak
kullanilabilmektedir. iran'da yapilan bir ¢alismada, sicak
ve kuru bolgelerde ekimi yapilan tatli sorgum bitkisinden
hektar basina 80 ton sap, 5 ton tane ve 15 ton yesil
yaprak elde edilmistir. Ayrica, 29 tath sorgum cesidi ve
hatlari arasinda yapilan karsilastirmada, Rio ¢esidinin
daha yiksek biyokitle (117.14 t hal), sap verimi (95t ha
1), tane verimi (5.0 t ha?) ve yaprak verimine (17.00 t ha
1) sahip oldugu gérilmistir (Almodares ve Hatamipour,
2011).

Naescu ve Nita (1991), sorgumda tane Uretimi almak igin
gerekli sulama suyu miktarini yaklasik 400 ila 500 mm
olarak belirlemislerdir. Yemlik sorgumun vyas ot
verimleri, sulama olmadan 38.3 t ha™ 'iken, 560 mm su
uygulandiginda ise 88.4 t hale kadar arttigini
bildirmislerdir.

Deneme konularina uygulanan sulama suyu miktarlari,
su tiketim degerleri ve ortalama dane verimleri
arasindaki iliskileri tanimlayan su verim fonksiyonlari
ayni zamanda bitki su gereksinimlerinin, bitki biyime
modellerinin, su kullanim verimliliginin ve sulama

212

programlarinin  degerlendirilmesinde, su dagitim
islemlerinde ve sulama sistemlerinin tasarim, isletme ve
ekonomik analizlerinde de kullanilir. Bu ¢alismalarda ana
amag su kullanim randimanini (WUE) artirmak ve brim
sudan maksimum verim elde etmektir (Gengoglan ve
Yazar, 1999; Solaimalai ve ark., 2001). Dhonde ve ark.
(1986)'da yapmis olduklari calismada ise sorgum bitki su

tiketiminin artmasiyla WUE azaldigini ve WUE
degerinin, 10.7 kg.mm? olarak elde edildigini
saptamislardir.

Arastirma, Cukurova ikinci Urin kosullarinda tatl

sorgumda farkli su dizeylerinin biyokitle ve bioetanol

verimlerine etkilerini belirlemek amaciyla
ylritilmustir.
MATERYAL ve YONTEM

Arastirmada bitki materyali olarak tek tip sorgum cesidi
M81E kullanilmistir. Calisma Cukurova Universitesi Ziraat
Fakiltesi Tarimsal Yapilar ve Sulama Bolimi deneme
alaninda 2017 yilinda ydritilmustir. Deneme alani
denizden 20 m yikseklikte olup, 360 59’ ve 350 18’ E
enlem ve boylamlari arasinda yer almaktadir. Yorede
Akdeniz iklimi hiikim sirmekte olup; yazlar sicak ve
kurak, kislar ilik ve yagishdir. Yorede gézlemlenen uzun
yillik iklim verileri sonuglarina gore, yillik ortalama
sicaklik 18.8 °C; en soguk ay 9.4 °C ile Ocak, en sicak ay
ise 28.0 °C ile Agustos ayidir. Yillik ortalama yagis 646
mm’dir. Yagis dagihmi homojen olmayip genellikle kis
aylarinda diismektedir. Ortalama yillik oransal nem %66,
buharlasma 1308 mm yil, rizgar hizz 2.0 m sn?
dolaylarindadir.

Mutlu serisine giren deneme alani topraklari diiz ve diize
yakin topografyada yer alir. Yiiksek oranda sisme 6zelligi
tasiyan, ince kil iceren bu topraklar kire¢ agisindan orta
derecede zengin ve koyu kirmizimsi kahverengi
rengindedirler. Kil orani her zaman %50’den fazla olan bu
topraklarin kurak aylarda, 2-4 cm genisliginde ve 150
cm’den daha derin catlaklar olusturduklari gézlenmistir
(Ozbek ve ark., 1974). Arastirmanin yiiriitildigi deneme
alani topraklarinin bazi fiziksel ve kimyasal 6zellikleri,
Cizelge 1 ve Cizelge 2’de verilmistir.
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Cizelge 1. Deneme Alani Topraklarinin Bazi Fiziksel Ozellikleri (Bastug, 1987)

Toprak Dane Buyuklik Dagilimi

Derinlik (cm) Biinye Hacim Agirhgi  *Tarla Kapasitesi *Solma
Kum (%) Silt (%) Kil (%) (g.cm™) (%) Noktasi (%)
0-30 27.6 21.2 51.2 KiL 1.19 344 17.5
30-60 27.5 19.1 534 KiL 1.16 36.7 18.2
60-90 28.4 18.1 53.5 KiL 1.15 384 19.1
90-120 27.4 19.1 53.5 KiL 1.25 37.7 19.4
120-150 25.3 21.3 53.4 KiL 1.24 37.0 18.7

* Kuru agirhk cinsinden

Cizelge 2. Deneme Alani Topraklarinin Bazi Kimyasal Ozellikleri (Bastug, 1987)

Derinlik Doygunluk pH Tuz igerigi K20 P20s Organik Madde
(cm) (%) (dS/m) (kg.ha) (kg.ha') (%)
0-30 64.6 7.87 0.21 473 25 1.34
30-60 67.3 7.61 0.12 473 29 1.07
60-90 69.3 7.81 0.14 - - -
90-120 66.5 7.97 0.13 - - -
120-150 72.4 7.64 0.18 - - -
Denemede  kullanilan  sulama  suyu, Cukurova Calismada cikis sonrasi bitkilere (15-20 cm iken) tekleme,

Universitesi Ziraat Fakiltesi Doner Sermaye isletmesi
Arastirma Uygulama Ciftliginden gecen DSi sulama
kanalindan saglanmistir. Sulama kanalindan alinan
sulama suyu 6rnekleri USSL (1954)’de verilen esaslardan
yararlanarak laboratuarda analiz edilmistir. Yapilan
analiz sonucunda kullanilan sulama suyunun orta tuzlu-
disuk sodyumlu (C;S:1) sulama suyu sinifinda oldugu
belirlenmistir.

Ekim islemleri, tohum 2-3 cm derinlige disecek sekilde
ve her parselde alti sira olarak yapilmistir. Parsellerin
boyutlari ise 5 metre uzunlugunda ve 4.2 m enindedir
(Sekil 1). Calisma 3 yinelemeli olarak tesadif bloklari
deneme desenine gbre dizenlenmistir. 4 konu igin 12
parsel olusturulmus ve sulama aralig 7 gin olarak
belirlenmistir. Sulama konularinin olusturulmasinda doért
farkl bitki-pan katsayisi: 11 konusu igin Kcp:1.00, 12
konusu igin Kcp:0.75, 13 konusu igin Kcp:0.50 ve 14
konusu igin ise Kcp:0.25 degerleri kullaniimistir.

Kontrol

Birimi

Sekil 1. Deneme parsellerinin genel plani

8-9 yaprakh oldugunda ara capa ve bogaz doldurma
islemleri yapilmistir. Yabanci ot miicadelesinde ise
denemede yogun bir yabanci ot olmadigindan dolaysi,
herhangi bir yabanci ot ilact kullanilmamis, birkac kez
mekanik muicadele tercih edilmistir. Ayrica, denemede,
dzellikle sap kurtlarina karsi ilaglamalar C.U Bitki Koruma
Bolimi  uzmanlarinin  gorisleri  dogrultusunda
yapilmistir. Arastirmada her sulama o6ncesi etkili kok
derinligindeki (120 cm) nem icerigi gravimetrik yontem
ile belirlenmistir. Konulara verilen sulama suyu
miktarlarinin  belirlenmesinde, A sinifi buharlasma
kabindan olusan buharlasma degerleri g6z Oniine
alinmistir.

Parsellere Uygulanan Sulama Suyu Miktarinin
Hesaplanmasi

Deneme parsellerine ilk sulama uygulamasi 120 cm etkili
kok derinligindeki topragin kullanilabilir su tutma
kapasitesinin %50’si tiiketildiginde yapilmistir. Parsellere
uygulanan sulama suyu miktarinin hesaplanmasinda,
acik su ylizeyi buharlagsma esitliginden yararlanilmistir
(Kanber, 1984).

| = AxEpxKcpx P Es (1)

I: Sulama suyu miktari (L)

A: Parsel alani (m?)

Ep: Sulama araliklarindaki yigisimli buharlasma (A sinifi
buharlasma kabindan olan buharlasma (mm)

Kcp: Bitki-pan katsayisi

P: Ortii yiizdesi (%)
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Denemede kullanilan damla sulama sisteminde lateraller
®16 mm ¢apinda olup Uzerinde 100 kPa isletme
basincinda debisi 4.00 L h?' olan damlaticilar yer
almaktadir. Damlaticilar lateral hatti izerinde 0.20 m
araliklarla ve her sorgum sirasina (70 cm) bir lateral
gelecek sekilde yerlestirilmistir. Ortii yiizdesi (P), bitki tag
genisliginin ~ bitki sira araligina  bolinmesi ile
hesaplanmistir. P icin bitki gelisme siresi boyunca orti
ylzdelerine gore degisen degerler kullaniimistir (Kanber
ve Glingdr, 1986). P degeri %70'e ulastiginda ise anilan
deger sulama sezonu boyunca sabit olarak alinmistir.

Sulama Suyu Kullanim Randimani ve Su Kullanim
Randimaninin Saptanmasi

Deneme konularina uygulanan sulama suyu, élciilen bitki
su tuketimi ve elde edilen hasat verimlerine gore elde
edilen sulama suyu kullanim ve su kullanim randimani
degerleri asagidaki esitlikler yardimi ile hesaplanmistir
(Howell ve ark., 1990; Zhang ve ark., 1999).

IWUE=¥ Es (2)
Yi

WUE=— Es (3
£T $(3)

Esitliklerde;

IWUE: Sulama suyu kullanim randimani, kg m,

WUE: Su kullanim randimani, kg m3,

Yi: Sulama suyu uygulanan deneme konularinin verimi,
kg da?,

I: Uygulanan sulama suyu miktari, mm,

ET: Olgiilen bitki su tiiketimi, mm'dir.

Su kullanim etkinligi (WUE) kuru madde veriminin (kg da’
1) mevsimlik evapotranspirasyon (mm) degerine
boélinmesiyle ve sulama suyu kullanimi etkinligi degeri
(IWUE) ise kuru madde veriminin (kg da) uygulanan

sulama  suyu miktarina (mm)  bolinmesiyle
belirlenmistir.

Su-Verim |liskisi

Elde edilen sonuglarin ekonomik olarak

degerlendirilebilmesi icin uygulanan sulama suyu ve
oOlgllen bitki su tiiketimi ile hasat verimi arasinda su-
Uretim fonksiyonlari belirlenmistir (Howell ve ark.,
1990). Ayrica, su kisitlamasinin hasat verimi lizerindeki
etkisini belirleyebilmek igin, oransal su tliketimi agigi ile
oransal verim azalmasi arasindaki iliskiler Stewart modeli
olarak bilinen su-verim iliskisi yontemi ile belirlenmistir
(Doorenbos ve Kassam, 1979).
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Bitki Uretim Fonksiyonu

Denemede oransal evapotranspirasyon acgigl ile verim
azalmasi arasindaki iliskilerin ve verim tepki etmeni (ky)
degerlerinin belirlenmesinde Stewart modeli
kullaniimistir (Doorenbos ve Kassam, 1979; Stegman ve
ark., 1981). Anilan model matematiksel olarak asagidaki
sekilde ifade edilmektedir.

(1-Ya/Ym)=ky.(1-ETa/ETm) Es (4)
Burada; ETa ve Ya: Bitkinin yetistirildigi kosullardaki
gercek su tiketimi ve bu tiiketime karsilik elde edilen
gercek verim;

ETm ve Ym: Bitkinin blyliime mevsimi boyunca herhangi
bir su eksikliginin olmadigl kosullarda maksimum su
tlketimi ve buna karsilik elde edilen maksimum verim;
ky: Evapotranspirasyondaki bir birim azalmaya karsilik
verimdeki azalmayi gosteren verim tepki etmenidir.

Yaprak Alan indeksi (LAl) ve Kuru Madde Verimi
Calismada yaprak alan indekslerinin belirlenmesi icin
bitki siralarinin 0.60 m’lik uzunluklari kullanilmistir (3
bitki alinacak sekilde islemler yapiimistir). Alinan uzunluk
Uzerindeki bitkiler, toprak yilizeyinden kesilerek; 6rnegin
icerdigi yapraklarin timinin bir ylzeylerinin alanlari,
optik yaprak alan o6lger kullanilarak ol¢tlmustir. Elde
edilen yaprak alanlarin toplami, alinan bitkilerin temsil
ettigi alana oranlanarak vyaprak alan indeksleri
hesaplanmistir (Mitchell, 1970).

Kuru madde (biomass) degerleri, yaprak alan indeksinin
belirlenmesinde  kullanilan bitki ~ 6rneklerinden
saptanmistir. Yaprak alanlar lctldikten sonra, yaprak
dahil, tim bitki kisimlari kiicik parcalara ayrilarak, kagit
torbalar iginde 65-68 °C’lik etiivde sabit agirhga
ulasincaya kadar kurutulmustur (Roberts ve ark., 1985).
Kurutulan ornekler tartilmis ve alinan bitki drneginin
temsil ettigi alana oranlanarak birim alana diisen kuru
madde miktari hesaplanmistir (Gardner ve ark., 1985).

Biyomas, Ozsu miktari, Brix Olgiimii, Seker ve Etanol
Verimi

Genotiplerin brix ve 6zsuyu degerlerinin saptanmasi igin,
yaprak ve salkimlarindan ayrilan saplar ektraksiyon
islemine tabi tutulmustur. Her tekrarlamadan sonra
sikilan siranin bir kismi olgllip atildiktan sonra, ikinci
Olgimlerden ornekler alinmis ve brix degerleri (%)
refraktometre yardimiyla bu 6rneklerden saptanmistir.
Ayni orneklerde, bitki basina 6z su ve brix degerleri
saptanmistir (Yiicel ve ark., 2018). Ozsu verimi (L da™),
her parselde rastgele secilen 5 bitkinin saplarinin
sikilmasi ile elde edilen 6zsu miktari ml bitki* cinsinden
Olclilerek dekarda olmasi gereken sap sayisina gore
hesaplanmistir. Teorikseker verimi (kg da?), sira
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veriminin 0.85 katsayisi ile ¢arpilmasi ile belirlenmistir.
Teorik etanol verimi (kg da?), [(toplam seker (kg da
1)/5.68) x 3.78)] x 0.80 formlii yardimiyla hesaplanmistir
(Yucel ve ark., 2018).

Arastirma sonucunda bitkisel 6zelliklerden elde edilen
verilerin, tesadlf bloklari deneme desenine goére JMP
istatistiki paket programinda varyans analizleri yapilmis,
istatistiksel olarak énemli ¢cikan ortalamalari, LSD (0.05)
¢oklu karsilastirma testine gore karsilastiriimistir
(Yurtsever, 1984).

BULGULAR ve TARTISMA

Toprak Profilinde Su igerigi Gézlemleri

Arastirma konularinda toprak profilinin 120 cm etkili kok
derinligine kadar, sulama Oncesi gravimetrik yontemle
belirlenen, toprak su iceriklerinin zamana gore
degisimleri Sekil 2’de verilmistir. Anilan sekilden
gorilecegi gibi, toprak su iceriginin bitki gelisim donemi
boyunca tarla kapasitesi ile solma noktasi arasinda
oldugu belirlenmistir.

600
Tarla kapasitesi
500 4
4
w, K g
E4OO TET EN A l.l;t
N Sy o
300 § Solma noktasi \; *f
o
2200
7
ﬁ100 4] ——! =12
s —4—13 4
|E 0 T T T
0 50 0 150 200
Ekimden sonraki giinler

Sekil 2. Arastirma konularinin sulama 6ncesi toprak su
iceriginin degisimleri

Sulamaya lliskin Bulgular

Deneme konularina uygulanan sulama suyu miktarlari
Cizelge 3’de verilmistir. Anilan ¢izelgeden gorilecegi gibi,
her deneme konusuna, ekim ile birlikte can suyu
uygulanmis ve deneme konularina bu uygulamalar,
konulu sulamalarin baslama tarihi olan 27.07.2017
tarihine kadar esit sulama uygulamalari ile devam
etmistir. En ylksek sulama suyu miktar, kisit
uygulanmayan 1 konusunda toplam 479.60 mm
olmustur. Diger deneme konularina uygulanan sulama
suyu miktarlariise, 12 konusuna 395.66 mm, I3 konusuna
307.76 mm ve |4 konusuna ise 227.80 mm olarak
OlgUlmastir.

Bitki Su Tiiketimi (ET)
Bitki blylime dénemi boyunca deneme konularindan
elde edilen bitki su tiiketimleri, Sekil 3 'de gosterilmistir.

800
—— 11 —a—12
700 4 —a—13 14 . _*_;K-*?ﬂﬂ mm
=== ETo_PM ~*"
- 3
600 1 ,»e’)'( 589mm
P
ESOO b )KIX _D"EVB_ET"DS'IQI'HH’]
£ p A A
- A A 443 mm
F 400 4
”j400 381 mm
E
=300 -
=
> 200
100 -
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Ekimden sonraki glinler
Sekil 3. Konulara gore bitki su tiiketimlerinin
zamana gore degisimleri

Cizelge 3. Konulara Gore Uygulanan Sulama Suyu Miktarlari (mm)

Sulama Konulari

Tarih Sulama Yontemi " 2 3 "
13.06.2017 37.65 37.65 37.65 37.65
16.06.2017 7.59 7.59 7.59 7.59
20.06.2017 9.06 9.06 9.06 9.06
26.06.2017 8.51 8.51 8.51 8.51
29.06.2017 7.46 7.46 7.46 7.46
30.06.2017 Yagmurlama Sulama 12.73 12.73 12.73 12.73
03.07.2017 15.12 15.12 15.12 15.12
08.07.2017 16.08 16.08 16.08 16.08
14.07.2017 17.59 17.59 17.59 17.59
17.07.2017 3.38 3.38 3.38 3.38
20.07.2017 8.70 8.70 8.70 8.70
27.07.2017 32.24 24.18 16.12 8.06
04.08.2017 32.24 24.18 16.12 8.06
11.08.2017 Damla Sulama 28.31 21.23 14.15 7.08
18.08.2017 27.15 20.36 13.57 6.79
25.08.2017 22.37 16.77 11.18 5.59
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Cizelge 3. (devami)

01.09.2017 26.26
08.09.2017 25.26
15.09.2017 24.33
22.09.2017 19.00
29.09.2017 Damla Sulama 23.06
06.10.2017 17.44
13.10.2017 18.77
20.10.2017 19.75
27.10.2017 19.54

Toplam: 479.60

19.70 13.13 6.57
18.95 12.63 6.32
18.24 12.16 6.08
14.25 9.50 4.75
17.29 11.53 5.76
13.08 4.75 4.36
14.08 9.39 4.69
14.82 9.88 4.94
14.66 9.77 4.89
395.66 307.76 227.80

Sekil 3’den gorilecegi gibi yigisimh bitki su tiketim
degerleri uygulanan sulama suyu miktarlarina bagh
olarak degisiklik gostermislerdir. Calismada elde edilen
en yiksek gercek bitki su tiiketim degeri 589 mm ile 11
konusunda olusurken, 12 konusunda 519 mm, I3
konusunda 443 mm ve en azise 381 mm ile |4 konusunda
meydana gelmistir.

Su-Verim lliskileri

Sorgum hasadiyla birlikte sulama konulari incelendiginde
elde edilen sonuclarda I1 konusundan en yiksek verim
elde edilmistir. Diger konulardan ise sulama sularina
bagh olarak daha az miktarlarda verimler elde edilmistir
(Cizelge 4). Ayrica, calismada olgilen bitki su tiketimleri
ile bunlara karsilik gelen verimler arasindaki iliski Sekil
4’de verilmistir.

Cizelge 4. Bitki Su Tiketimi ve Verim Degerleri

Konular ET (mm) Verim ( kg da’l)
11 588.5 11111
12 518.6 873
13 442.9 634.9
14 380.4 555.5

1300

¥y =2,7358x - 526,75
R2 = 09717

1100 A
900

700 +

Verim, kgida

500

300

300 400 600 700

500
Bitki su tiketimi, mm

Sekil 4. Tane verimi sulama suyu iliskisi

Kocadéner (2014), Soke kosullarinda yapmis oldugu
calismada, gecikmis ana Urin olarak yetistirilen tath
sorgum bitkisinden en dusiik 280.4 kg.da?, en yiksek
347.5 kg.da® tane verimi elde etmislerdir. Zhao ve ark.
(2009) Pekin-Cin kosullarinda tatl sorgum cesitlerinin

216

tane verimlerinin 220-570 kg.da! arasinda degisim
gosterdigini saptamislardir.

Su-Uretim Fonksiyonlari

Arastirmada, (1-ETa/ETm) ile (1-Ya/Ym) arasinda
dogrusal regresyon analizi yapilarak, yetisme mevsimi
icin gelistirilen verim tepki etmeni (ky) 1.17, olarak
belirlenmistir (Sekil 5).

1 é[ETaIETm]
0,5 0,4 0, 0,2 0,1 0
1 L 1 L O
y=11721x
Rz =0,9703
01
M 0,2
3
L 0,32
+ L 04
0,5

Sekil 5. Oransal evapotranspirasyon acigl ile oransal
verim azalisi iliskisi

Simsek ve Gercek (2005), musir bitkisinde yapmis
olduklari galismada, verim tepki etmeni (ky) degerlerini,
0.72,0.95, 0.91 olarak hesaplamis ve 2. yilda yapilan ayni
¢alismada ise anilan degerleri 0.70, 0.97, 0.97 olarak
bulmuslardir. Calismada sulama dizeylerinin  ky
degerleri  Ulzerine  6nemli  etkisinin  oldugunu
saptamislardir.

Gengoglan ve Yazar (1999), misir bitkisi Gzerine yapmis
olduklari calismada ise, tane verimi ile sulama suyu ve su
tiketim miktarlari arasinda %1 6nem diizeyinde ikinci
dereceden dogrusal iliskiler bulmuslardir. Calismada
verim tepki etmeni (ky), ilk yil 1.08, ikinci yil ise 1.61
olarak saptanmistir.

Su Kullanim Randimanlari

Deneme konulari icin belirlenen sulama suyu kullanim
randimani (IWUE) ve su kullanim randimani (WUE)
sonuglari, Cizelge 5’de verilmistir. Calismada elde edilen
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dekar basina en yilksek biyomas verim degerleri,
uygulanan toplam sulama suyuna bolinerek sulama
suyu kullanim randimani  (IWUE); mevsimlik su
tiketimine boélinerek ise toplam su kullanim randimani
(WUE) hesaplanmistir.

Cizelge 5. Sorgum Bitkisinin Sulama Suyu ve Su Kullanim
Randimanlari

Konular IWUE, (kg.m™3) WUE, (kg.m)
11 12.53 10.20
12 12.43 9.50
13 13.58 9.40
14 16.07 9.60

Simsek ve Gergek (2005), yapmis olduklar ¢alismada
toplam su kullanim randimani (WUE) ve sulama suyu
kullanim randimani (IWUE) degerlerinin, konulara ve
yillara gbére oOnemli bir degisim gostermedigini
belirtmislerdir. Lyle ve Bordovsky (1995), calismalarinda
IWUE degerini, 1.9 kg m3; Musick ve Dusek (1980) 1.25-
1.46 kg m? arasinda; Kdksal (1995) ise WUE degerinin
Cukurova kosullarinda 1.38-1.80 ve 0.87-3.19 kg.m3
arasinda degistigini bildirmislerdir. Gengoglan (1996),
Cukurova kosullarinda yuaratmis oldugu calismasinda,
IWUE degerini 1.02-2.43 kg m3ve WUE degerini ise 0.22-
125 kg m? arasinda, Cetin (1994) ise IWUE degerini
Harran ovasi kosullarinda yurittigt misir denemesinde
0.570-0.795 kg.m=arasinda saptamistir.

Kuru Madde Miktari (Biyomas)
Deneme konularindan elde edilen toprak Gstu kuru
madde verimlerinin bitki gelisme ddnemi boyunca
degisimleri Sekil 6’de verilmistir.
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Ekimden Sonraki Giinler

Sekil 6. Sorgum bitkisinin kuru madde miktarinin
gelisme dénemi boyunca degisimi
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Anilan sekilden gorlecegi gibi, bitki gelisim slirecinde en
yuksek kuru madde miktari 11 tam sulama konusundan
elde edilmistir. 11 konusunu sirasi ile 12, 13, 14 sulama
konulari takip etmistir.

Salman ve Budak (2015), sorgum Uzerine yapmis
olduklari bir calismada, 2 konumun ortalama sonuclarini
ele almiglardir. Bayindir konumuna ait kuru madde
verimini (4146.9 kg da) olarak, Odemis lokasyonuna
(3825.3 kg da) gore daha yiiksek bulmuslardir.
Cesitlerin lokasyon ortalama verileri incelendiginde ise,
en yiksek kuru madde veriminin 5210.3 kg da’? ile
Greengo cesidinden elde edildigini ve onu 4088.4 kg da™*
kuru madde verimiyle Gardavan c¢esidinin izledigini
saptamiglardir. Nutri Honey cesidi 2988.9 kg da™ ile en
distk kuru madde verim degerini ortaya koyarken,
Aneto cesidi 3656.7 kg da kuru madde verimi degerini
ortaya koymustur.

Ozkése ve ark. (2005) yapmis olduklari calismada, cesit x
sira arasl etkilesimleri analiz etmislerdir. Cesit
ortalamalari arasinda en yiksek kuru madde verimini
(3033.3 kg dal) ile Jumbo ¢esidinden elde edilmis, bunu
sirasl ile Bovital (2677.5 kg da?), Rona (2507.9 kg da™?) ve
Bianca (1807.7 kg da™) cesitleri takip etmistir. Sira arasi
mesafelerde ise en yiliksek kuru madde verimi (2729.6 kg
da) ile 30 cm sira arasi mesafeden elde edilmis ve bunu
siras! ile 20 cm (2602.8 kg da), 25 cm (2599.4 kg da’l),
35 cm (2531 kg.da?), 40 cm (2393.1 kg da?) ve 45 cm
(2183.7 kg da)'lik sira arasi mesafelere yapilan ekim
ortalamalari izlemistir. Cesit x sira arasi etkilesiminin ise
kuru madde verimi (3422.3 kg da) (Jumbo x 30 cm) ile
2183.7 kg da? (Bianca x 45 cm) arasinda degistigini
saptamislardir.

Yaprak Alan indeksi (LAI)
Konulara iliskin yaprak alan indekslerinin (LAI) zamansal
degisimleri Sekil 7‘de verilmistir.
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Ekimden Sonraki Giinler
Sekil 7. Deneme konularina iliskin yaprak alan
indekslerinin zamana gore degisimi
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Anilan sekilden gorlecegi gibi, bitki gelisim slirecinde en
yliksek vyaprak alan indeks degerleri 11 sulama
konusundan elde edilmistir. Sonra bu konuyu sirasiile 12,
13, 14 sulama konular takip etmistir. Kaplan ve Kara
(2014), yapmis olduklari ¢alismada, denemenin ilk
yiinda en disik yaprak alan indeksi degerini Nes
cesidinden elde etmigslerdir. En ylksek LAl degerinin ise
GOZDE 80 cesidinden elde edildigini belirtmislerdir.
Ciceklenme doénemi yaprak alan indeksi degerleri, ilk
yilda 4.05-5.54 arasinda, ikinci yilda 3.33-4.75 arasinda,
yillar ortalamasinda ise 3.96-5.12 arasinda degistigini
saptamislardir. Ramazanzadeh ve Asgharipour (2011),
yapmis olduklari ¢alismada en yiiksek LAl degerlerinin
¢iceklenme déneminde elde edildigini bildirmislerdir.

Kuru Madde Verimi, Gzsu Verimi, Brix Degeri, Seker ve
Etanol Verim Ortalamalari

Calismada konulara gore elde edilen kuru madde verimi,
O0zsu miktari, brix Olgimil, seker ve etanol verim
sonuglari, Cizelge 6’da verilmistir. Anilan ¢izelgeden,
farkli sulama dizeylerinin brix degeri hari¢ diger
incelenen oOzelliklerden kuru madde, Ozsu, seker ve
biyoetanol verimleri Uzerine istatistiki olarak 6nemli
oldugu goérilmektedir.

Arastirmada, kuru madde veriminin 6006.70 ile 3661.80
kg da? arasinda, 6zsu veriminin 3997 ile 2310 kg da™
arasinda, seker veriminin 612 ile 354 kg da? arasinda ve
biyoetanol veriminin ise 326 ile 189 L da® arasinda
degistigi saptanmistir. Brix degerleri ise %15.3 ile 15.8
arasinda degisim gostermistir. incelenen ve istatistiki
olarak oOnemli c¢ikan Ozelliklerin ortalamalari, su
dizeylerinin azalmasina paralalel olarak dismistir.

Cizelge 6. Kuru Madde Verimi, Ozsu Verimi, Brix Olciimii, Seker ve Etanol Verimi

D Kuru Madde Verimi Ozsu Verimi Brix (%) Seker Verimi Ethanol Verimi
(kg da?) (Lda®) (kg dal) (Lda™®)
11 6007.40 a 3997 a 15.3 612 a 326a
12 4916.50 ab 3080 b 15.8 487 b 259 b
13 4180.70 b 2346 ¢ 15.7 367 c 195¢
14 3661.80 b 2310 ¢ 15.3 354 ¢ 189 ¢
Ort. 4691,60 2933 15.5 455 242
CV (%) 11.83 8.12 4.58 7.39 7.39
F * % * % OD * % * %

Yicel ve ark. (2018), Cukurova ikinci trtin kosullarinda
ylratmias olduklari ¢alismada, iki yillik birlestirilmis
ortalamalara gore kuru madde veriminin genotiplere
bagl olarak 1453 ile 7925 kg da™ arasinda degistigini
saptamislardir.

Tatli sorgumda 6zsu veriminin Soke/Aydin kosullarinda,
675.7- 750.7 L da! arasinda degistigi (Kocaéner, 2014);
Rahuri-Hindistan kosullarinda 269-1137 L da arasinda
degistigini (Chavan ve ark., 2009); Cukurova ikinci Urin
kosullarinda 2202.0 ile 6737.0 L da? arasinda degistigi
(Yicel ve ark., 2018) saptanmustir. iki yili birlestirilmis
ortalamalara gore brix degerinin genotiplere bagli olarak
%10.75 ile %20.75 arasinda degistigi saptanmistir (Yiicel
ve ark., 2018). Subramanian (2013), ortalama brix
degerininin % 6.2-20.7 arasinda degistigini, seker verimi
ile 6zsu arasinda oOnemli ve olumlu bir iliskinin
bulundugunu belirtmistir. Seker veriminin 106.7-118.6
kg da! arasinda (Kocadner, 2014); Pekin-Cin kosullarinda
130-740 kg da® arasinda (Zhao ve ark., 2009); Antalya
kosullarinda 61.2-638.1 kg da! arasinda (Erdurmus ve
ark., 2018) degistigi saptanmistir. Murray ve ark. (2009),
yapmis olduklari calismada 1320 kg.da® toplam seker
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elde edildigini ve bunun 768.2 L da! etanola esdeger
oldugunu bildirmislerdir. Etanol veriminin 56.78 ile 63.5
L da? arasinda degistigi (Kocadner, 2014); Louisiana-ABD
ekolojik sartlarinda 302 ile 406 L da® arasinda degistigi
(Ricaud ve Arceneaux, 1990); Teorik etanol veriminin
102.8 L datile 741.4 L da! arasinda degistigi (Yicel ve
ark., 2018); Pekin kosullarinda 486.7 ile 1303.2 L da™
arasinda degistigi (Zhao ve ark., 2009); Arizona
kosullarinda 81.16 ile 345.85 L da arasinda degistigi
(Teetor ve ark., 2011) saptanmistir.

Onceki ¢alismalarda incelenen 6zelliklerden elde edilen
ortalamalarin, bulgularimizla benzer veya farkli oldugu
gortlmektedir. Calismalarin  ylrGtuldtgli  ekolojik
kosullarin, yetistirme tekniginin ve arastirmada yer alan
genotiplerin  farkli olmasi nedeniyle elde edilen
sonuglarin farkli olmasi beklenen bir durumdur. Kaldiki,
bulgularimizda elde edilen en dislik su seviyesi
uygulamalarinin bile 6nceki calismalarda elde edilen
bulgulara esdeger veya yiksek oldugu da gortlmektedir.
Arastirmadan elde edilen verilere gobre, Adana
kosullarinda sorgum bitkisinin yetisme doénemleri
icerisinde konulara uygulanan sulama suyu miktarlari 11
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konusu igin 479.6 mm, 12 konusu i¢in 395.6 mm, I3
konusu i¢in 307.7 mm ve 14 konusu i¢in 227.8 mm olarak
olcllmastir. Mevsimlik gercek bitki su tiketim degerleri
ise, 11 konusu i¢in 588.5 mm, |12 konusu i¢in 518.6 mm, 13
konusu i¢in 442.9 mm ve |4 konusu igin 380.4 mm
arasinda degismistir. Konulara goére sulama suyu
kullanim randimanlari (IWUE) 16.07 kg m™ ile 12.43 kg
m=3 arasinda saptanmustir. Su kullanim randimanlari
(WUE) ise 10.2 kg m?3 ile 9.4 kg m? arasinda
gerceklesmistir. Deneme konularindan elde edilen verim
tepki etmeni (ky) degeri 1.17 olarak belirlenmistir.
Calhsmada farkh sulama kosullari altinda brix (%)
degerlerinde farklihk godzlenmemistir. Seker verimleri
612 kg.da? ile 354 kg.da? arasinda degismis olup, tam
sulama (I11) konusunda en yiliksek seker degeri elde
edilmistir. Calismada konulara gore elde edilen kuru
madde verimi 6007.4 kg da ile 3661.8 kg da* arasinda
degismis olup, tam sulanan konuda en yiksek kuru
madde miktari elde edilmistir. Calismadan elde edilen
biyokutle verimi, 8733 kg da™ ile 13300 kg da* arasinda,
biyoetanol verimi ise 189 L da? ile 326 L da™ arasinda
degismistir.

OzET

Amag: Son yillarda meydana gelen iklim degisiklikleri
nedeniyle suyu etkin kullanan tarimsal Urinler 6nemli
konuma gelmis durumdadir. Tath sorgumun kuraga ve
ylksek sicakhga diger irinlere goére daha toleransl
olmasi nedeniyle, bitkinin farkl su diizeylerinin bilinmesi
onemli olmaktadir. Calisma, Cukurova kosullarinda ikinci
Urln tath sorgumda farkh su diizeylerinin biyokitle ve
bioetanol verimlerine etkilerini belirlemek amaciyla
yaratialmastar.

Yéntem ve Bulgular: Arastirma, 2017 yilinda, Cukurova
Universitesi Ziraat Fakiiltesi Tarimsal Yapilar ve Sulama
Boliumi Arastirma Alaninda, tesadif bloklari deneme
deseninde, 3 vyinelemeli olarak yuratdlmustir.
Denemede, bitki gelisim doénemleri boyunca farkli
sulama suyu dazeyleri (11, 12, 13, 14) uygulanmistir.
Arastirmada, deneme konularina 479.6 mm ile 227.8
mm arasinda sulama suyu uygulanmistir.

Genel Yorum: Calismada farkli su dizeylerinin kuru
madde verimi ve biyoetanol verimleri Uzerine istatistiki
olarak 6nemli etkide bulundugu, kuru madde veriminin
6007.4 kg da! ile 3661.8 kg da! arasinda, biyoetanol
veriminin ise 189 L datile 326 L da? arasinda degisistigi
saptanmistir. Sulama suyu kullanim randimanlari (IWUE)
16.07 kg m3 ile 12.43 kg m?3 arasinda saptanmistir. Su
kullanim randimanlari (WUE) ise 10.2 kgm3ile 9.4 kg m
3 arasinda gerceklesmistir. Deneme konularindan elde
edilen verim tepki etmeni (ky) degeri 1.17 olarak
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belirlenmistir.

Calismanin Onemi ve Etkisi: Farkli sulama suyu
dizeylerinin uygulandigl arastirmada en yuksek verim
tam sulanan (I11) konusundan, en dusik verim ise en az
sulama suyu uygulanan (14) konusundan elde edilmistir.
Sulama suyu dizeylerine gore verimlerde paralel olarak
dismustir.

Anahtar Kelimeler: Sorgum, kisintili sulama, verim, su
kullanim randimani, biyoetanol, biyokiitle
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Aims: The aim of this study is to emphasize the effects of environmental
pollution caused by heavy industrial factories on agricultural land and its
possible effects on living organisms.

Methods and Results: This research was carried out for total 28 soil
samples which were taken at 0-20 cm depth from fields (50-250 m) which
are next to the some factories from Murtli-Cerkezkdy-Corlu country side
of Tekirdag province which are thought to be the best for good
agriculture. The soil texture, pH, salinity, lime (as CaCOs), organic matter,
N, P, K, Ca, Mg and S elements were analyzed and the statistical analysis
was performed. According to analysis, the soil pH values indicated the
research soils as low acidic (between 5.66 and 5.92) class. Soil texture
mostly was “loamy” and “clay loamy” class. Saltiness (average 0.023 %)
was not problem for common agriculture. Lime (CaCOs) (average 0.21%)
was also not a problem and only 6 samples were shown with “low lime” in
these soil samples. Organic matter levels were between 0.1% and 1.5%.
Total N was as such organic matter and < 0.09 % called “low”. The average
potassium levels were found in three sides “140-370 mg kg''” respectively.
Conclusions: This was a known fact that the factories which are mostly
heavy industry should not be built near the agricultural areas. However we
can show the many heavy industries close to field in the research areas. As
a result of such areas, it is possible that many changes will occur in the air,
water and the soil, to deteriorate the ecological balance and to have a
direct or indirect impact on human health. It is known that they can make
toxic effects especially when they exceed the limit values depending on
the amount of some elements in the soil and the duration of the
interaction.

Significance and Impact of the Study: Because of this reason, it is
necessary that such studies should be done frequently and likely to test
the accumulation of the heavy metals in agricultural soils and to find a
solution by phytoremediation techniques for the healthier and clean
agricultural production. This research supports to these suggestions.
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GiRIS

Trakya Bolgesi tarimsal faaliyetlerin yogun oldugu bir
bolge olmakla birlikte yer yer yogun olarak lokalize olmus
endustriyel-sanayi alanlan (Tekirdag Corlu-Cerkezkdy-
Muratl, Kirklareli Liileburgaz ilgeleri vb.) bulunmaktadir.
Tim bu alanlarin etrafinda tarimsal faaliyetler aktif bir
sekilde silrdurilmektedir. Bolgenin tarim ve sanayi
bakimindan en aktif ili Tekirdag’da, donem dénem hava,
su ve toprak kirliligi (Ergene havzasi, Corlu deresi vb.
yerlerdeki cevre kirliligi) ciddi riskler olusturabilecek
seviyelere ¢citkmaktadir. Bu donemlerde iist solunum yolu
enfeksiyonlari, kadinlarda duiisiik vakalari, degisik kanser
olgulari ve cilt sorunlari gibi rahatsizliklarin hat safhalara
ulastigl gézlenmektedir. Bunlara iliskin olarak topragin,
beslenmedeki yeri ve 6nemine istinaden aktif tarim
alanlarinin 6zellikle de sanayi bolgesindeki topraklarin
analizlerinin surekliligi 5nem kazanmaktadir.

Geleneksel tarim yontemi daha fazla Grin elde etme
esasina dayanir. Yapilan calismalar gostermistir ki; bu
anlayisla gerek glibrelerin gerekse tarimsal ilaglarin
bilingsizce kullanimi, bitkisel iretimde miktar artisinin
yaninda kalitesiz ve insan saghgini tehdit edecek
UrGinlerin  ortaya c¢ikmasina neden olmaktadir.
Sanayilesmeden kaynaklanan c¢evre kirliliginin de
etkisiyle soframiza gelen tarimsal Urlnlerin dogalligi ve
guvenilirligi neredeyse kalmamistir. Son vyillarda
gunimiz tariminda kullanilan kimyasal ilaglarin ve
glbrelerin neden oldugu ¢evre kirliligi ve bu kirlenmenin
insan saghgl Uzerindeki etkileri yogun bir bigimde
tartisiimaktadir (Bellitirk, 2005; Bellitiirk, 2008; Bellitirk
ve ark., 2015; Shrestha ve ark., 2019).

Onemli cevresel kirletici olan agir metallerin disik
konsantrasyonlari bile zehirlidir. Zehirli metallerle
birlikte biyosferin kirlenmesi endistriyel gelisimin
baslamasiyla carpici bir sekilde hizlanmistir (Nriogo,
1979). Ayrica Jeolojik formasyonlardan ve mangan
iceren suni glibrelerden igme suyuna yiksek
konsantrasyonlarda bulas oldugunda  Alzheimer
hastaligina yol acabilmektedir (Duman, 2006).

Gelisen teknoloji ile birlikte beslenmemizi sagladigimiz
topraklarin giin gectikce dogal yapilarinin bozulmasi ve
toprak kirliliginin artmasi sonucu meyve, sebze ve
tarimsal Grlinlerin yetistirildigi alanlarinin her gegen giin
azalmasi da s0z konusudur. Bu cevresel kirleticiler
topragin flora ve faunasini etkileyen kimyasal, fiziksel ve
biyolojik siireglerdir. Bu kirlilik kaynaklari kirletici
unsurlarin olusumu, birikimi ve tasinmasi agisindan basta
topragin kirlenmesine ve buna bagh olarak agir metal
kirliligine, yer alti suyu kirliligine, sediment kirliligine,
akarsu, nehir, gol kirliligine ve sonugta deniz kirliligine
sebep olurlar (Algan ve Bilen, 2005). Su ve toprak
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kirliliginden kaynaklanan etmenler basta gida glivenligi
Uzerindeki olumsuz etkileri blyltmekte, daha
sonrasinda ise insanlar Uzerindeki kanserojen hastalik
riskini ciddi boyutlarda artirmaktadir (Lu ve ark., 2015).
Hizli  nifus artisi, plansiz kentlesme, plansiz
endustrilesme, dogal kaynaklarin 6lglstiz kullanilimasi
kirliligin en 6nemli faktorleridir. Dogal ¢evreyi olusturan
toprak, su ve havanin kimyasal ozelliklerinin canlilarin
hayati faaliyetlerini ve aktivitelerini olumsuz yodnde
etkileyecek bicimde bozulmasi “kimyasal kirlenme”dir.
Cevremizde ne kadar ¢ok kimyasal madde varsa
saghgimiz o olglide tehlikeye girmektedir. Cesitli fabrika
kati ve sivi atiklarinin verimli tarim arazilerine veya
akarsu ve nehirlere bosaltilmasi s6z konusu tarim
topraklarinin, akarsu ve gollerinin zararli agir metallerle
kirlenerek kimyasal kirlenmeye maruz kaldigini gosterir
(Ozsavas, 2015). insan sagligini etkileyen tiim ekosistem
dusandldiginde cevre kirliliginin hava, toprak ve su
kirliligi olarak Ug¢li bir kombinasyonda ele alinarak
yapilacak ¢alismalarin bu dogrultuda ele alinmasi gerekir
(Caglarirmak ve Hepgimen, 2010).

Piyasalarda agir metal iceren gibreler bulunmaktadir.
Geleneksel glibreleme ile de bu tlr agir metaller topraga
katilabilmekte, ozellikle yogun glbreleme
uygulamalarinda bu tir istenmeyen agir metal artisi ile
karsilasilabilmektedir (Hatipoglu ve Alpaslan, 1994).
Denemede segilen Tekirdag ili, zaman zaman asiri ve
yanlis kimyasal giibre ve tarim ilaglarinin kullanilmasina
yonelik toprak ve gevre kirliligi baskisini yasarken, s6z
konusu kirlenmis tarim alanlarinin bazilarinin fabrika
yakinlarinda olmasinin olasi dezavantajlari da arastirma
konusu ve bu yorenin se¢imindeki gerek¢emizi ortaya
koymaktadir.

Bu arastirmada c¢ok sayida fabrikanin bulundugu
Tekirdag ilinin Corlu, Cerkezkoy ve Murath ilgelerindeki
bazi fabrika bitisigindeki aktif olarak tarimsal Uretim
yapilan alanlardan alinan toprak o6rneklerinde bazi
kimyasal ve fiziksel analizler yapilmis ve sonuglari hem
onceki calismalar ile kiyaslanmis, hem de insan ve gevre

saghgina olan olasi etkileri bakimindan
degerlendirilmistir.
MATERYAL ve YONTEM

Denemenin planlanmasi ve toprak 6rneginin alinmasi

Bu c¢alisma, Tekirdag ili, Corlu, Cerkezkdéy ve Muratli
ilcelerinde ¢ok sayida bulunan ve tarim arazilerine de
yakinligi ile bilinen aktif haldeki biyik olcekli oldugu
bilinen bazi fabrikalara 50-250 metre uzakhktaki
mesafeye sahip alanlardan toplamda 28 tane 0-20 cm
derinlikten bolgeyi en iyi temsil edecek sekilde toprak
ornekleri ahnarak yiritilmastir. Toprak orneklerinin
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alinmasi esnasinda, 6rnek alinan noktalarda GPS (Global
Positioning System) cihazi yardimi ile koordinatlari
belirlenerek kayit edilmistir. S6z konusu fabrikalarin
bitisigi sayilabilecek mesafedeki alanda 6rneklemenin
yapildigi zamanda aktif olarak tarimsal tretim (bugday,

Cizelge 1. Ornek alinan yerlere ait bilgiler ve koordinatlari

aycicegi, kanola vb yetistiriciligi) yapilmaktadir. Ornek
alinan yerler, fabrika isimleri ifsa edilmeden, bilinenlerin
sanayi tipleri de olacak sekilde koordinatlarina gore
Cizelge 1’de verilmistir.

ilgeler Ornek No Kuzey Boylam Dogu Enlem Ozellik/Ydney (Fabrikaya Gore)
1 41°12.258' 27°31.341' Aluminyum sanayi / Kuzey Bati
2 41°12.338' 27°31.346'
3 41°11.203' 27°30.874' Yag ve Boya Sanayi /Gliney Dogu

Muratl 4 41°11.171' 27°30.942' Baski Boya Tesisleri /
5 41°14.653' 27°32.709' / Kuzey
6 41°14.704' 27°32.731'
7 41°15.053' 27°32.357' / Gliney
8 41°14.989' 27°32.322' / Glney
1 41°16.259' 27°56.094' Kesif Koku Mevcut / Kuzey Bati
2 41°16.292' 27°56.172' Kesif Koku Mevcut / Gliney Bati
3 41°17.041' 27°57.512' Mensucat / Bati
4 41°17.017' 27°57.541' Bati

Cerkezkoy 5 41°18.601' 27°59.249' Erimis Plastik Kokusu / Bati

6 41°18.542' 27°59.287'
7 41°19.910' 27°57.833' Kuigtk Organize Sanayi / Dogu
8 41°19.933' 27°57.859'
9 41°23.780' 27°55.509' Beton Sanayi / Glney
10 41°23.784' 27°55.551'
1 41°16.456' 27°58.745' / Gliney
2 41°16.428' 27°58.724'
3 41°16.426' 27°57.834' Testil Sanayi / Gliney Bati
4 41°16.449' 27°57.853' Pen Sanayi / Kuzey Bati

Corlu 5 41°15.540' 27°54.360' izolasyon Sanayi /Kuzey Dogu
6 41°15.539' 27°54.318'
7 41°15.337' 27°54.088' Koku ve G6z Yanmasi Mevcut
8 41°15.350' 27°54.044' Jeans Sanayi
9 41°14.454' 27°52.157' ASB Serbest Bolge Girisi
10 41°14.500' 27°52.180'

Toprak analizleri Topraklarin igerdigi kire¢ (CaCO3) miktarlari ise Scheibler

Alinan toprak o6rneklerinde pH, EC (tuzluluk), kireg,
organik madde, tekstiir, N, P, K, Ca, Mg, S analizleri
yapilmistir.

Toprak orneklerinin tekstlir analizleri, saturasyon
yontemine gore yapilmis ve tekstir siniflari tespit
edilmistir (Tuzaner, 1990). Toprak o6rneklerinin pH
analizleri (1:2.5 toprak:su) cam elektrotlu pH metre
yontemi ile belirlenmistir (Saglam, 2012). Toprak
orneklerinin toplam N, Kjealdahl buhar damitma
yontemine gore, bitkiye yarayish fosfor ise “Olsen”
yontemine gore, organik madde ise Walkley-Black
yontemine goére analiz edilmistir (Saglam, 2012).
Degisebilir katyonlar (Ca, Mg ve K) flame fotometre
yontemine gore, toprakta (1:2.5 toprak:su) tuzluluk ise
EC-metre ile 6lgUlmistir (Greweling ve Peech, 1960).
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Kalsimetre yontemine gore belirlenmistir (Allison ve
Moodie, 1965). Topraklardaki toplam S ise, nitrik asit ve
perklorik asit ile yas yakilan toprak 6rneginde bulunan
toplam S oksitlenerek silfata dontstirildikten sonra
Kacar (2019) yontemiyle belirlenmistir.

Arastirmadan elde edilen degerler MSTAT paket
programina gore varyans analizine tabi tutularak,
ortamalar arasindaki farkhilklarin énemliligi LSD ile test
edilmistir (Akdemir ve ark., 1994).

BULGULAR ve TARTISMA
Topraklarin bazi fiziksel ve kimyasal analiz sonuglari

Alinan toprak orneklerinde pH, EC (tuzluluk), kireg,
organik madde ve tekstiir analizleri yapilmis ve elde
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edilen sonuclar Cizelge 2’de verilmistir. incelenen toprak
numunelerinin fiziksel ve kimyasal 6zelliklerden sadece
Corlu lokasyonundaki toprak pH degerleri istatistiki

olarak 6nemli bulunmus, diger parametrelere ait farklar
istatistik? olarak 6nemli bulunmamistir (Cizelge 2).

Cizelge 2. Topraklarin bazi fiziksel ve kimyasal analiz sonuglari.

. .. Tekstiir Tekstir pH Tuz CaCoOs
ligeler Ornek No S (Doygunluk) (1/2.5) (%) (%) Org. Mad. (%)
1 Tin 38.50 4.67 0.01 0.00 0.67
2 Tin 38.50 4.58 0.00 0.00 0.35
3 Killi Tin 57.20 7.38 0.03 0.00 0.92
4 Killi Tin 59.40 7.41 0.03 1.22 0.28
5 Killi Tin 51.70 4.45 0.01 0.00 1.40
Muratl 6 Killi Tin 50.60 5.30 0.02 0.00 0.83
7 Killi Tin 56.10 7.32 0.04 0.81 1.25
8 Tin 37.40 4.73 0.06 0.00 0.46
Ortalama 48.67 5.73 0.02 0.03 0.77
LSDo.os od od od od od
1 Killi Tin 53.35 4.99 0.05 0.00 1.34
2 Killi Tin 57.75 5.84 0.02 0.61 0.81
3 Tin 41.25 6.12 0.05 0.00 0.92
4 Tin 42.35 4.71 0.01 0.00 0.87
5 Tin 39.05 5.52 0.01 0.00 1.16
5 6 Tin 48.40 6.76 0.02 0.00 1.05
Gerkezkdy 7 Tin 44.00 5.46 0.01 0.00 1.15
8 Killi Tin 56.10 6.36 0.03 0.00 1.30
9 Tin 40.70 5.31 0.05 0.00 1.16
10 Tin 47.30 5.54 0.01 0.00 0.97
Ortalama 47.02 5.66 0.03 0.06 1.07
LSDo.os 8d 6d od 6d 6d
1 Killi Tin 56.10 535a 0.02 0.00 1.12
2 Killi Tin 51.70 5.02a 0.01 0.00 0.97
3 Tin 39.60 5.66a 0.00 0.00 1.08
4 Killi Tin 51.15 5.08 a 0.01 0.00 0.94
5 Tin 36.85 5.96 ab 0.00 0.00 1.01
6 Killi Tin 56.10 7.44 b 0.03 0.52 0.61
Gorlu 7 Killi Tin 50.60 5.47a 0.02 0.00 1.52
8 Killi Tin 50.60 6.72 ab 0.02 1.99 1.48
9 Tin 49.50 7.55b 0.02 0.73 1.14
10 Tin 45.10 5.00a 0.01 0.00 1.21
Ortalama 48.73 5.92 0.02 0.32 1.11
LSDo.os 6d 1.78 od 6d 6d

Toprak orneklerinin genellikle tin ve killi tin tekstir
siniflarina girdigi belirlenmistir. Yorede daha once
yapilan calismalar elde edilen sonuglari destekler
niteliktedir (Bellitlrk, 2005; Bellitiirk, 2011). Topraklarin
pH degerleri cogunlukla nétr ve asit sinifina girdigi icin
ylksek oranda kire¢ icermeleri beklenmez. pH degerleri
acisindan sadece Corlu ilgesi topraklarinda 6 o6rnek
(cogunlukla) asidik sinifina girerken 2’ser numune hafif
asidik ve hafif bazik bulunmustur. Cerkezkdy ilgesindeki
tarim topraklarinin blyik ¢ogunlugunun asit sinifinda
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oldugu bilinmektedir. Fakat bu arastirmada 6rnekleme
yeri olarak secilen topraklarin Murath ve Corlu’dakilerin
de cogunlukla asit karakterli toprak sinifa girmesine
sebep olarak bu topraklarin fabrikalara yakin alandan
alinmasinda fabrika bacalarindan ¢ikan SO, gazindan
kaynaklandigi distilmesinin yaninda topraga uygulanan
kimyasal gubrelerin cins ve miktarlari ile yagmur ve
sulama sularinin silfat kapsamlarinin da ekili oldugu
bilinmektedir (Tabatabai ve Laflen, 1976). Dolayisiyla 28
toprak 6rneginin 6’sinda kire¢ (CaCOs) tespit edilmis olup
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bunlarda kire¢ dizeyi %1 civarinda olup az kiregli
topraklar oldugunun da gostergesidir (Bellitiirk, 2005;
Belliturk, 2008; Belliturk, 2011). Bilingsiz
gibreleme/giibre (6zellikle amonyum silfat) kullanimi
pH’y1 disirmektedir. Arastirma topraklarinin  tuz
icerikleri Cizelge 3’ten incelendiginde %0.0-0.15 arasinda
oldugu i¢in “tuzsuz” toprak sinifina girmektedir (Anonim,
1990; Anonim, 1991; Glines ve ark., 1996; Glines ve ark.,
2010). Toprak tuzlulugu, bitkilerin su ve besin
maddelerinin alimini olumsuz ydnde etkilemektedir.
Dolayisiyla bu durum dengeli beslenme igin uygun
olmayan kosullari da beraberinde getirir (Eruz, 1979).
Gidalarla birlikte alinan mineral maddeler vicutta
degisik fizyolojik ve biyokimyasal reaksiyonlara neden
olmaktadir. Hastaliklardan korunmak, saglikh ve dengeli
bir yasam sirdirmek icin vitamin ve mineral degeri
yeterli olan besinlerin tiketilmesi viicut saghg icin
gereklidir. Son vyillarda bazi besinlerin dogal yollardan
alinmasiyla hastaliklarin 6nlenmesi ve tedavisindeki
etkinliginin bilimsel olarak ortaya konulmasi, sagligimizin
korunmasinda beslenme desteginin 6nemini daha da
arttirmistir (Coskun, 2005).

Cizelge 3. Toprak 6rneklerinin bazi makro element igerikleri

Kiregli topraklar elementel S’lin oksidasyonunun organik
madde olusumunun uyarilmasina iliskin yapilan bir
arastirmada; 0.24’ten 0.16’ya kadar disus gosteren pH
degerinin tarla ve laboratuar sartlarinda topraktaki S
miktarini 246 mg kg’den 1455 mg kgVe topraklardaki
EC degerini ise 0,42 dS m¥den 0,48 dS m™¥e cikardig
belirlenmistir (Cifuentes ve Lindemann, 1993). Bitkilerin
arzuladig diizeydeki toprak reaksiyonunun saglanmasi,
verimi arttiran bir durumdur. Asit topraklarin
kireclenmesi dnemli bir islah calismasidir. Ozellikle agir
metaller s6z konusu oldugunda, toprak pH’sinin
bilinmesi cok Onemlidir. Toprak pH’sinin
ylkseltilmesiyle, bitkilerin agir metal alimi arasindaki
iliskiler detayl olarak ele alinmali, bu konuda tarla ve
sera denemeleri yapilmadir.

Topraklarin bazi makro element analiz sonuglari

Alinan toprak érneklerinde N, P, K, Ca, Mg ve S analizleri
yapilmis ve elde edilen sonuglar Cizelge 3’te verilmistir.
Yapilan istatistik degerlendirmede Cerkezkdy ve Corlu
ilcelerinde fosfor degerlerindeki farkhhk o6nemli
bulunurken diger kriterler istatistiksel olarak 6nemli
dizeyde farklihk gostermemistir (Cizelge 3).

ilgeler Ornek No N (%) P (ppm) K (ppm) Ca (ppm) Mg (ppm) S (ppm)
1 0.03 11.94 148.74 902.75 350.35 62.00
2 0.02 11.75 124.74 547.70 205.09 44.70
3 0.05 5.58 181.01 5394.40 1107.50 99.90
4 0.01 3.66 207.30 9291.80 1248.00 101.80
Muratl: 5 0.07 7.70 137.02 2509.90 1542.70 84.00
6 0.04 9.36 183.03 3542.40 1768.10 96.10
7 0.06 13.43 391.60 9129.30 1039.00 143.60
8 0.02 9.86 159.36 759.18 213.66 52.10
Ortalama 0.04 9.15 191.60 4009.67 934.30 85.52
LSDo.0s od od od od od 6d
1 0.07 9.57 bc 212.71 2912.62 1059.60 75.60
2 0.04 7.98 c 244,71 6511.17 2370.03 85.85
3 0.05 20.24 abc 96.89 1728.87 265.15 117.85
4 0.04 13.85 bc 151.96 1362.20 434.71 45.40
5 0.06 3498 a 226.22 1436.16 391.30 33.95
Cerkezkdy 6 0.05 8.52 ab 274.02 4477.39 942.54 81.80
7 0.06 9.29 bc 119.01 2322.38 894.70 97.70
8 0.07 4.15 ab 264.26 6575.62 996.62 45.95
9 0.06 13.36d 200.16 2520.76 652.64 109.90
10 0.05 7.73 abc 147.98 2520.86 921.86 46.25
Ortalama 0.05 12.97 193.79 3236.80 792.91 77.02
LSDo.os od 5.54 od od od od
1 0.06 6.37 ab 250.35 4398.37 1638.37 113.75
2 0.05 11.91 ab 178.82 3583.27 1351.91 87.95
Corlu 3 0.05 15.54 3 95.66 1401.48 298.55 64.90
4 0.05 9.27 a 204.04 2859.84 1010.04 81.00
5 0.05 36.22 a 304.82 1004.50 268.03 111.00
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6 0.03 2.65b 189.21 6738.93 887.36 160.95
Cizelge 3. (devami)
7 0.08 9.90 a 135.17 2020.82 673.04 89.65
8 0.07 5.69 a 221.77 5677.66 1725.66 65.85
9 0.06 10.44 a 170.55 5128.21 1063.26 73.85
10 0.06 32.33a 161.26 2581.47 988.57 85.40
Ortalama 0.06 14.03 191.17 3539.45 990.51 93.44
LSDo.0s od 3.26 od od od od
Ulkemiz tarm topraklari toplam N bakimindan ortamdaki asirihginda bitkiler tarafindan liks tiketimi de

incelendiginde genellikle % 80-90 civarinda yetersiz
durumdadir  (Bellitirk, 2011). Bunun yegane
sebeplerinden ilki topraklardaki diisiik organik madde
oldugu bilinen bir gergektir (Bellitlirk, 2005). Ancak,
yoredeki Ureticileri bu durumu telafi etmek icin organik
gibre kullanmak yerine, genellikle daha fazla kimyasal
azotlu glbre kullanmakta, bu durum da toprak ve taban
sularinda kirlilige sebep olabilmektedir. Wilkinson ve ark.
(2000), topraga artan miktarda uygulanan azotun; P, K,
Ca, Mg ve S’Un alinimini artirdigini ifade etmistir.

Ozetle topraklardaki besin dengesinin bozulmasina
yanhs gibreleme ile neden olmak, faydadan ¢ok zarar
getirebilmektedir.

incelenen toprak o&rnekleri yarayish P agisindan
incelendiginde Muratli, Cerkezkdy ve Corlu ilgelerinden
en duslik deger sirasiyla 3.66 ppm, 4.15 ppm ve 2.65 ppm
olup (Cizelge 3) “az” sinifina girmektedir. Toprak
orneklerinin P igerigi farkhlklarinin Cerkezkdy ve Corlu
ilcesinde istatistiksel olarak 6nemli oldugu belirlenirken;
Corlu ilgesindeki topraklara ait P igerigi farkhliklarinin
diger ilcelere gore daha fazla oldugu belirlenmistir
(Cizelge 3). En yiksek degerler sirasiyla Muratl igin;
13.43 ppm, Cerkezkoy icin; 34.98 ppm ve Corlu igin;
36.22 ppm olup (Cizelge 3) “yeterli” ve “fazla” sinifina
girmektedir. Toprak  o6rneklerinin K  degerleri
incelendiginde Muratl, Cerkezkdy ve Corlu ilgeleri igin
ortalama degerler sirasiyla 191.60 ppm, 193.79 ppm ve
191.17 ppm olup (Cizelge 3) “yeterli” sinifina
girmektedir. Ortalama Ca miktari arastirmanin
sardaraldiuga yerlerde Muratli, Cerkezkéy ve Corlu’da
sirasiyla en distik 547.70 ppm, 1367.20 ppm ve 1004.50
ppm arasinda degistigi gorilmektedir (Anonim, 1990;
Anonim, 1991; Glnes ve ark., 1996; Glines ve ark., 2010).
Elde edilen sonuglar dogrultusunda hem ilgeler arasi
hem de ilge ici Ca Ornekleri arasinda istatistiksel
bakimindan fark (P<0.05) bulunamamistir (Cizelge 3).
Yorede yapilan benzer nitelikte ¢alismalar incelendiginde
genellikle toraklarin K bakimindan zengin oldugu
gorulmektedir (Bellitirk, 2004; Bellitirk ve Karakas,
2010). Topraklarimiz potasyumca zengin olarak bilinir ve
tarimi yapilan bazi bitkiler disinda kullanimi pek yaygin
degildir. Topraktan kolayca yikanarak kaybolabilir ve
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s0z konusu olabilir. Bu durumlarda da “cevre kirliligi”
olusur. Uriindeki miktari topraktan alinabilme
kolayligina baghdir. Gida ve yemlerdeki potasyum,
sodyum, kalsiyum ve magnezyum gibi mineraller
arasindaki denge onemlidir. GUbreleme bu elementin
topraktaki eksikligini giderecek miktarda olmal ve yillik
dozu birka¢ pargca halinde uygulanmaldir. Fosfor
topraklarda az hareketli bitki besin maddelerindendir.
Gereginden fazla fosforlu gibre kullaniimasi ve
glbrelerin asiri yagis sulariyla yikanmasi veya toprak
erozyonuyla su kaynaklarina tasinmasi fosfor kirliligi
yapar. Fosforlu giibrelerde bulunan kadmiyum gibi agir
metaller de dnce toprakta, sonra da o ortamda yetisen
bitkide birikerek insanlara gida ile tasinabilir ve
tuketicilerde kirlilik yaratabilir (Anonim, 2015). Muratl,
Cerkezkoy ve Corlu ilgelerinden alinan 28 adet topragin
magnezyum (Mg) icerikleri genellikle “yeterli”, “yiiksek”
ve “cok yliksek” siniflarinda 6lgllmis (Cizelge 3) olup bu
topraklarda yapilacak olan glibreleme programlarinda
Mg-K antagonistik iligkisi icin de gegerlidir. Yorede
yapilan benzer c¢alismada elde edilen sonuglar
cahsmamizla benzer 6zellik gostermektedir (Bellitiirk,
2008). Toprak orneklerinin ortalama kiiktrt (S) icerikleri
77.02 ppm ile 93.44 ppm arasinda bulunmus olup
(Cizelge 3) rakamsal analiz degeri >10 ppm oldugundan
“zengin” sinifina girmistir (Ulgen ve ark., 1989).
incelenen kriterlerin geneline bakildiginda (Cizelge 2 ve
Cizelge 3) farhihklarin (istatistiki Gnemde olanlar dahil pH
ve P gibi) degiskenlik gosterdigi ilce Corlu olmustur. Bu
da sanayi yogunlugu, agir sanayi cesitliligi ve tarimsal
acidan  gerekli diger Onlemlerin  alinmamasina
baglanabilir.

Topraktaki bazi makro elementlerin saglik agisindan
degerlendirilmesi

Bitkisel ve hayvansal Gretim yaninda yerytziindeki tim
canhlari risk altinda birakan agir metaller 6zellikle insan
saghgini da tehdit etmektedir. Her gecen giin artan
sanayilesmeden dolayl ¢ogalan endustriyel atiklar,
motorlu tasitlarin lretiminde yasanan ivme, ¢evremizi
agir metaller yéniinden dnemli 6lglide kirletmekte, tarim
alanlar da bu kirlilikten nasibini almaktadir. Ozellikle
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cevre konusunda ¢ok duyarh davranislar sergileyen
Avrupa Ulkeleri cevre ile ilgili ciddi yasalar ve kanunlar
cikarmis ve Ulkelerinde bulunan, tarimin gézbebegi olan
toprak ve su kaynaklarini garanti altina almislardir.
Endustriyel atiklarin kontrol altina alinmasi vyeterli
gorilmemektedir. En kisa zamanda toprak ve su
kaynaklarimizin agir metal atiklarinin tehdidi altindan
kurtariimasi igin ciddi yasa ve kanunlarin bir an 6nce
¢ikarilmasi yiksek énem arz etmektedir (Okgu ve ark.,
2009).

Doganin temel fiziksel unsurlari olan, hava, su ve toprak
Uzerinde olumsuz etkilerin olusmasi ile ortaya ¢ikan ve
canl 6gelerin hayati aktivitelerini olumsuz yonde
etkileyerek cansiz cevre 6geleri lizerinde yapisal zararlar
meydana getiren ve niteliklerini bozan yabanci
bilesiklerin hava, su ve topraga yogun bir sekilde
karismasiyla cevre kirliligi sorunlarinin olusturdugu
bilinmektedir (Ozsavas, 2015). Bu baglamda toprak, ayni
zamanda bu bilesiklerin bliyik miktarlarinin son
depolama  noktalarini  olusturmalart  ve  kirlilik
durumunda da besin zinciri yoluyla insan saghgini dolayli
olarak etkilemeleri nedeniyle ayrica ©6nem arz
etmektedir. Kirli suya ve topraga uzun sire maruz
kalmak gevresel sonuglara maruz kalabilecegi gibi, ishal,
disuk, hepatit A ve tifo gibi saghk tehlikelerinin de
nedeni olabilir. Dahasi pek cok kirletici unsurun bir araya
gelmesi ve besin zinciriyle insan viicuduna alinmasiyla
beraber basta  kanserlerin,  06zellikle  sindirim
kanserlerinin morbidite ve mortalitesini artirabildigi bile
bildirilmektedir (Lu ve ark., 2015).

insan viicudunun saghginin korunmasi ve sirdiriilmesi
icin besin gesitliligi kadar vitamin ve mineral bakimindan
oldukga zengin olan taze sebze ve meyvelerin tiiketilmesi
son derece dnemlidir. insan viicudunun yaklasik %4 ile
5’i minerallerden olusmustur. Bunun vyariya vyakini
kalsiyum (Ca) ve fosfor (P) dur. Magnezyum (Mg), klor
(Cl), sodyum (Na) ve kidkart (S) diger makro
elementlerdir (Ozata, 2004; Baysal, 2002). Mineraller
vicudun gesitli organlari icinde yer alirlar ve eksiklikleri
ve fazlaliklarinda ise ciddi saglik sorunlarina yol acar.
Ca: insan viicut agirhginin %1.5’tan fazlasini olusturdugu
icin en bol bulunan mineraldir. Ca ile D vitamini kemik
sagligi icin birlikte hareket ederler. Ca, kemik ve dislerin
olusumuna ve saglkli kalmalarina, kalp atiminin
diizenlenmesine ve kanin pihtilasmasina yardim eder.
Kas glicli ve sinir iletimi icin gerekli olan Ca, eksikliginde
kol ve bacaklarda kramp, eklem agrilari, tirnaklarda
kirllma, tansiyonda artma, el ve bacaklarda uyusma,
kolesterolde artis ve depresyon goriilebilir. Kan Ca
seviyesi dlsince vicut bunu normal seviyeye
getirebilmek icin kemiklerden Ca ¢eker ve kemik erimesi
(osteoporoz) gelisir (Ozata, 2004; Baysal, 2002).
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Mg: Yetiskin bir insan viicudunda ortalama 25 g kadar
Mg vardir. Bunun yaklasik %60’ kemik ve dislerde,
%26’s! kaslarda, kalani yumusak dokularda ve vicut
sivilarinda bulunur. Kas ve sinir sisteminde etkindir ve
enzim calismasinda gereklidir. Eksikliginde istah kaybi,
depresyon, kaslarda kramp, bacaklarda uyusma, his
kaybi, Kalp atiglarinda bozukluk, kalp kroner
damarlarinda kasilma, bayilma goériliir. Ayrica gebelige
bagli hipertansiyonda besinlerle diistik oranlarda alinirsa

protosiklinin tromboksona oranini  duglrerek kan
pthtilagsmasini arttirdigi belirtilmistir.Mg alimi,
osteoporoz tedavisi i¢cin de ¢ok faydahdir. Fazla

alindiginda ise ishal ve bobrek yetmezligi yapabilir
(Ozata, 2004; Baysal, 2002).

S: Bitkiler, inorganik kdkarth alarak organik kikdrt
bilesikleri yaparlar. Hayvanlar ve insanlar bu
bilesiklerden faydalanirlar. insan diyetindeki kikirdiin
¢ogu sistein, metionin, tiamin, ve biotinden
saglanir.Alinan  kikirtin  ¢ogu  kukdrt  bulunan
mukopolisakkaritlerin sentezinde kullanilir.inorganik
kiktrtiin ince bagirsaklardan emilme orani disuktir.
Kiakirt Gn  bilesigi  molekiler  kdkirt  buluna
mukopolisakkaritlerin sentezi icin gereklidir (Ozata,
2004; Baysal, 2002).

P: Besinlerde vyaygin olarak bulunmasindan dolayi
eksikligine sik rastlanmasa da fosfor alimi yetersiz
oldugunda kemiklerde, sinir-kas sisteminde, kan
hiicrelerinde ve bébreklerde bozukluklar gériiliir (Ozata,
2004; Baysal, 2002).

K: Viicut sivilarinin ozmotik basinci ve asit-baz dengesi
icin gereklidir. Potasyum iyonlarinin viicut sivilarindaki
yogunluklarinin uygun sekilde olmasi, sinirlerin uyarimi
ve kas dokusunun galismasi icin gereklidir. Viicut iyon
dengesizliginden dolayi bir sekilde kan potasyum seviyesi
artarsa Adison hastaligi goralir. Genel olarak K
yetersizliginde, glikojen deposunun azalmasi ile kas
yorgunlugu, kalp atisinda bozulma, adrenal hipertrofisi
ve solunum vyetersizligi gorilir (Ozata, 2004; Baysal,
2002).

Toprak-su fizigi, kimyasi, ekoloji, bitki sistematigi ve
bitkisel Gretim-yetistirme konularinda bilgi ve deneyim
birikimine sahip meslek disiplinlerinin; 6zellikle tarimsal
kirlenme ve kirsal yerlesimlerde atik aritma konularinda
hem arastirma hem uygulama siirecinde yapilabilecegi
ve yapmasi gereken ¢ok goérevler oldugu aciktir (Gliney
ve ark., 2010).

Cevre saghgl konularinin basinda gelen toprak kirliligi,
bircok sektoriin bir araya gelerek karsilikli veri akisiyla
¢6ziimii olabilecek bir konudur. insan ve cevre saghgini
tehdit edebilecek uygulamalarin éniline gegebilmek igin
kalict alt yapi hizmetlerinin 06ncelikli uygulanmasi,
gereken vyasal dizenlemelerin yapilmasi, toplumun
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konuya gereken dnemi vererek sektorler arasi isbirligi
yapllmasi gerekmektedir. Aksi takdirde basta kanser
olmak Uzere bircok hastalik ve 6limlerin kaynagi olan
cevre kirliligi, 21.yy da dinyanin en 6nemli sorunu
olmaya devam edecektir. Bu konuda iyilestirici ve uzan
vadeli Umit verici girisimlerden ¢ok koruyucu 6nlemlere
onem ve oOncelik verilmesi kalici ¢oziimler igin gerekli
adim olacaktir.

Bitkiler atmosferden, topraktan, kimyasal gilibrelerden,
atik su ve camurlardan veya tarimda kullanilan inorganik
pestisitlerden topraga bulasmis olan agir metalleri
derisimlerine bagl olarak biriktirme egilimindedir. Tarim
sO0z konusu oldugunda toprak-bitki-su iliskileri de goz
oninde bulundurulmalidir.  Sonug¢ olarak tarimsal
Uretimde sdrddrdlebilirligin  saglanmasi ve gelecege
yonelik planlamalarin dogru yapilabilmesi icin ilk 6nce
topragin cok iyi taninmasi gerekmektedir. Ginimuizde
toprak  verimliliginin  arttinlmasinin  yani  sira,
surekliliginin saglanmasi ve korunmasi da onemli bir
durumdur. Tim bunlar yerine getirilerken, tarimsal
faaliyetlerin yerine getirilmesinde, tarimsal Gretim
yapilacak alanlarin se¢ciminde cevresel faktorler de goz
onlne alinarak dogru planlamalar yapilmali, saglga
olumsuz etki eden her tiirli uygulamalardan kaginiimali
ve parasal kazanglar kadar bitiin canlilarin saghginin da
onemli  oldugu unutulmamalidir.  Aktif fabrika
yakinlardaki araziler fabrikalarin faaliyet alanlarina goére
etkilenmektedir ve ilgili alanlardan alinan toprak
numunelerinde toprak tekstiriine, iklim faktorlerine
(rtzgar, yagis, vb.) ve uygulanan kdltlrel islemlere
(toprak isleme, sulama, ilaglama, gilibreleme vb) bagh
olarak toprak pH’si, tuzlulugu, kire¢ (CaCOs olarak),
organik madde ve mineral maddeler (N, P, K, Ca, Mg ve
S) icerikleri etkilenmektedir ki bunlara bagl olarak ta
yetistiriciligi yapilacak bitkide ve bunlardan beslenen
canhlarinda saghk acisindan olumlu-olumsuz
etkilenmeleri kacinilmaz olacaktir.

OzZET

Amag: Bu calisma ile tarim alanlarinin yakinlarinda
bulunan ve aktif konumdaki Ozellikle de agir sanayi
fabrikalarinin sebep oldugu cevre kirliginin tarim
topraklarini ne oranda etkilendigi ve bunun canhlar
Uzerine olasi etkilerinin  vurgulanmasi amaciyla
yapilmistir.

Yéontem ve Bulgular: Arastirma, Tekirdag’'in Corlu,
Cerkezkoy ve Muratli ilgelerinde ¢ok sayida bulunan ve
tarim arazilerine de yakinhigl ile bilinen aktif haldeki
fabrikalarin yakinindaki (50-250 m) alanlardan toplamda
28 tane olacak sekilde 0-20 cm derinlikten bolgeyi en iyi
temsil edecek sekilde toprak o6rnekleri alinarak

229

ylratidlmastar. Alinan toprak érneklerinde tekstir, pH,
tuzluluk, kire¢ (CaCOs; olarak), organik madde
analizlerine ilaveten N, P, K, Ca, Mg ve S elementlerinin
analizleri yapilmis ve sonuglar istatistiksel olarak da
degerlendirilmistir. Ortalama pH degerleri
incelendiginde arastirma alani topraklari “hafif asit”
(5.66 ve 5.92 arasinda) sinifindadir. Toprak biinye yapisi,
“tin” ve “killi tin” sinifina girmektedir. Tuzluluk (ort.
%0.023) agisindan analizi yapilan alanlarda sorun
bulunmamaktadir. Kire¢ (CaCOs) igerikleri (ort. %0.21)
durumu da sorun olmamakla birlikte 6 6rnekte az kireg
oldugu gorilmektedir. Organik madde miktari arastirma
alani topraklarinda da % 0.1-1.5 arasinda bulunmustur.
Toplam azot (N) degerleri organik maddeyle benzer
oldugu gibi arastirma alaninda <%0.09 olup az azotlu
sinifina girmistir. Toprak o6zellikleri ortalama potasyum
icerikleri bakimindan (g ilcede de “140-370 mg kg’
arasina girip “yeterli” olarak degerlendirilmektedir.
Genel Yorum: Tarim alanlarinin yakinlarinda 6zellikle
agir sanayi fabrikalarinin olmamasi gerektigi bilinen bir
gercek olmakla beraber bu calismada da oldugu gibi
maalesef bircok tarim alanlarinin yakininda cesitli
fabrikalarin oldugunu gormekteyiz. Bu tiir alanlarin
sonucunda havada, suda ve toprakta olusan
degisimlerle, ekolojik dengenin bozulmasi ve insan
saghgini dogrudan veya dolayl etkileyebilecek pek ¢ok
kirliligin olusmasi olasidir. Ozellikle toprak icinde
bulunan bazi elementlerin miktarina ve etkilesim
suresine baglh olarak sinir degerleri astiginda zehirli etki
yapabildikleri bilinmektedir.

Calismanin Onemi ve Etkisi: Bu nedenlerle bu tip
¢alismalarin siklikla yapilmasi ile zaman zaman tarim
topraklarinda birikmesi muhtemel olan o6zellikle agir
metallerin ortaya konulmasi ve fitoremediasyon gibi
toprak temizleme teknikleri ile ¢c6ziim yollari bulunarak,
daha saglikli ve temiz Uriinler yetistiriimesine olanak
saglanmaldir. Bu ¢alisma bu tip Onerileri de
desteklemektedir.

Anahtar Kelimeler: Sanayi, toprak, organik madde,
makro element, mikro element, toprak kirliligi
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Aims: The primary objective of this study was to figure out spatio-temporal
tendencies of climate-types in Sanhurfa town and its environs, located in
the Southeastern Anatolia Project (GAP) area, through using Ering Drought
Index method.

Methods and Results: Data sets consisting of long-term (1965-2018)
annual total precipitation as well as average annual maximum
temperature series of Sanliurfa, Birecik, Akgakale, Ceylanpinari, Siverek
and Bozova meteorological stations -distributed unevenly over total
surface area of 19242 km?- were obtained and utilized in order to
calculate Ering Drought Index (EDI) on a yearly basis. EDI time series of
each station was divided into three non-overlapping and successive parts
or periods, i.e. period-1 (1965-1981), period-2 (1982-1999), period-3
(2000-2018). The best fitting probability distribution models to the EDI/
series of each period were, in turn, determined by performing a regular
frequency analysis procedure by Kolmogorov-Smirnov Goodness of Fit Test
at the 5% significance level. EDI having 50% probability was estimated for
the three periods of each station by utilizing probability models
determined exclusively for each predetermined period. Afterwards,
regular grids with the size of 100 m by 100 m were established over the
study area in GIS media. Ordinary-Kriging interpolation technique was
employed to estimate index values at the grid points and to generate
climate maps over the study area for the three successive periods.
Conclusions: Based on the spatio-temporal tendencies map of climate
types for 3 time periods, it was concluded that the spatio-temporal
climatic characteristics of Sanlurfa province is dominated as “Arid”, “Semi-
arid” and “Sub-humid” climate type from south to north, respectively, and
areas of severe drought exposure expands northward along to Siverek in
all three periods.

Significance and Impact of the Study: Although Atatirk, Birecik, and
Karkamis Dams tackle to mitigate drought expansion in the northwest, it
is unlikely that it would prevent the spread of the future drought drifts
because of global warming. It is strongly recommended that spatio-
temporal climate change studies should be periodically conducted in
tandem with forest management practices for the whole GAP area.
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INTRODUCTION

The average weather conditions that persist over a
region for many years are known as climate. In recent
decades, changes in climate have caused adverse
impacts on natural and human systems in the continents
and across the oceans (Anonymous, 2014). The
atmosphere and oceans have warmed, sea levels have
risen, and glaciers and ice sheets, in turn, have
decreased in size. The best available evidence of climate
change is unexpected high temperatures, and the main
cause of it is ever increasingly greenhouse gas (GHG)
emissions induced by human activities (Anonymous,
2015). For millennia, atmospheric carbon dioxide
concentration has never been above 300 parts per
million (ppm) up until 1950 (Anonymous, 2019a). The
greenhouse gas concentrations reached new highs,
globally averaged mole fractions of CO? at 405.5 ppm.
This, in turn, has had a significant impact on temperature
variations. Mankind experienced the fourth warmest
year on record between 2015-2018 as the long-term
warming trend has continued nowadays. Increases in
average global temperatures are expected to be within
the range of 3°C to 5°C by 2100 (Anonymous, 2019b).
Even if the global warming of an increase above 1.5°C
would bring far higher risks to health, livelihoods, food
security, water supply, human security and economic
growth (Anonymous, 2018), humanity should find ways
of getting used to deleterious effects of global warming.
Expansion of drought prone areas, as experienced
recently in Turkey, has been the result of climate change.
According to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC),
Turkey is located in the Mediterranean Basin that is
especially vulnerable to the adverse impacts of climate
change (Anonymous, 2012). Almost all available studies
agreed that Turkey will have significant climate change-
induced problems such as the decrease in water quantity
and quality, decreasing precipitation amounts, rising
annual temperatures, increases in frequency and
magnitude of the extreme weather events including
floods and droughts (Tonkaz, 2006; Tayancg et al., 2009;
Anonymous, 2011; Yilmaz and Imteaz, 2014; irvem et al.,
2018 ). Despite the existence of an ongoing series of
activities to research the potential results of global
climate change on a water-basin scale for river basins
that are socio-economically important for Turkey, there
is, undoubtedly, a need for more scientific studies on
these issues (Anonymous, 2011). In turn, according to
climate change projections regarding Turkey, it was
anticipated that precipitation will have decreased
remarkably in all river basins of Turkey in the period of
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2016-2099. Furthermore, it is emphasized that the twin-
river basins, i.e. Euphrates and Tigris basins, in
Southeastern Anatolia will be affected mostly by climate
change (Demircan et al., 2017). In this context, long dry
spells are expected in the Southeastern Anatolia Region
in the future, and this will, in turn, affect different
sectors (Birpinar and Tugag, 2018), particularly
agriculture. Moreover, the Southeastern Anatolia
Project —one of the largest regional development
projects in Turkey, known universally as GAP (Cetin,
2020)—was planned in this region. The effects of climate
change are reflected in air temperature and
precipitation, which have a major impact on crop growth
and yields. These implications have posed water-related
problems in the GAP area of potentially 1.78 Mha
irrigable agricultural areas, of which 0.53 Mha has been
presently under irrigation (Cetin, 2020). Extent and
severity of problems is of spatio-temporal
characteristics. Therefore; determining the spatio-
temporal tendencies of climate types at different
periods is of prime importance for monitoring climate
change in the GAP area. Many methods have been
developed to determine the climate class of a region.
However, each method has its own limitation, strengths
as well as weaknesses to use under different climatic
conditions. Erin¢c Drought Index, Percentage of Normal
Index, Standard Precipitation Index, Palmer Drought
Severity Index, Thornthwaite and De Martonne methods
(Aktas et al., 2018) are among the frequently used ones
in regional climate classification studies in Turkey.
Important information on the magnitude, severity,
frequency and areal extent of the drought can be derived
from those indices (Mishra and Singh, 2010). There is
doubt that spatio-temporal tendencies of climate classes
needs to be determined for different successive periods
in order to make reasonable inferences about regional
changes in climate.

Staple objectives of this research were two-fold—namely,
to develop Ering Drought Index maps with the 50%
probability level for the three predetermined sequential
time periods as well as to figure out spatio-temporal
tendencies of climate-types in Sanliurfa town and its
environs.

MATERIAL and METHODS

Materials

This study was carried out in Sanliurfa town and its
environs, covering 19 242 km? area (Anonymous, 2019c¢),
located in the Southeastern Anatolia Project (GAP) area.
Long-term (1965-2018) annual total precipitation and
annual maximum temperature series of Sanlurfa,
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Birecik, Akcakale, Ceylanpinari, Siverek and Bozova
meteorological stations were utilized in the study (Figure

SYRIA

rendered possible by using universal transverse
Mercator (UTM) projection system with the datum of
WGS84.

537184
577184

617184

DIYARBAKIR

MARDIN

Figure 1. Location of the study area in Turkey
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Methods

Ering drought index (EDI)

Ering (1965) has developed a simple drought indicator
for Turkey to describe the drought problem for
arid/humid area and duration separation purposes. In
his formulation, annual total precipitation and annual
average maximum temperature —which is supposed to
cause water deficiency due to evaporation— are used to
drive the index. Climate classification due to Ering
drought index (EDI or Im) is done by considering index
values given in Table 1 (Turkes and Akglindiiz, 2011; Sen,
2015; Li et al., 2017; Celik and Gilersoy, 2018). In this
research, Ering Drought Index was computed for each
year in turn by using Equation 1, and then EDI time series
of each station was divided into three non-overlapping
and successive parts or periods, i.e. period-1 (1965-
1981), period-2 (1982-1999), period-3 (2000-2018).

| =P
-

max_mean

Eqg. (1)
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where;

Im: Ering drought index,

P: Annual total precipitation (mm),

Tmax_mean: AnNnual average maximum temperature (°C).

Table 1. Ering classification (Haider and Adnan, 2014;
Sen, 2015)
Climate
Classification

Index Value (Im)  Vegetation Cover

Severe arid <8 Desert
Arid 8-15 Desertification
Semi-arid 15-23 Arid
Sub-humid 23-40 Forest
Humid 40-55 Moist forest
Very humid >55 Very moist forest
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Frequency analysis

In order to include uncertainty into the study, EDI is tried
to be predicted from the probability models of each
station. To this end, frequency analysis for Ering
Precipitation Efficiency Index series of stations for the
predetermined periods in turn were performed through
using BestFit software (Anonymous, 2004). The best-fit
probability distribution models were determined by
using Kolmogorov-Smirnov goodness-of-fit test at 5%
significance level. With the help of "the frequency factor
equation" (Chow et al., 1988), EDI for 50% probability
level, which is specific for this study, is estimated
individually for each station (Equation 2).

Xsoo/o =X+ KSO%S

where;

S: Standard deviation,

X: Mean of the data set subjected to frequency analysis,
Xsow: Expected value of the variable at the 50%
probability level,

Kso% :Frequency factor of the probability model, which is
a property of the frequency distribution given at 50%
probability level.

Eqg. (2)

Geostatistical analysis

In order to delineate the spatial extent of a variable at
the hand, geostatistical interpolation methods (Cetin,
1996) might be a useful tool. To that end, ordinary
kriging (OK) interpolation technique has been adopted in
this study. The first and most important step in
geostatistics is determine the spatial dependence

Table 2. Ering drought index (/m) series of meteorological stations

structure, i.e. semivariogram function, of a regionalized
variable. In hydrology and hydrometeorology, the most
commonly used semivariogram functions are Spherical,
Gaussian and Linear models. The resulting
semivariogram is a measure of the spatial dependence
of the semivariogram model (Tabios and Salas, 1985)
which is used to predict values of the modeled attribute
at unsampled locations. Kriging equation system
(Burgess and Webster, 1980) is solved in order to make
a best linear unbiased estimation at the un-sampled
locations over the sampling domain (Cetin, 1996; Mert
and Dag, 2017; Anonymous, 2019d).

RESULTS and DISCUSSION

Computation of Ering drought index series

The data sets consisting of the long-term (1965-2018)
annual total precipitation and annual maximum
temperature series were divided into three non-
overlapping but consecutive periods as seen in Table 2.
Ering Drought Index (EDI or Im) on a yearly basis was
computed for these periods and the index results by
stations were presented in Table 2 as yearly time series.
Due to the lack of meteorological data at Bozova station
for the two successive periods of period-1 (1965-1981)
and period-2 (1982-1999), Im (EDI) could not be
computed on a yearly basis as seen in Table 2. In order
to render meaningful Table 2, it should be gone through
with climate classification given in Table 1. In turn, the
higher the index values, the less drought episode in favor
of humid climate type in the region.

Periods/Subgroup Year Sanlhurfa Birecik Akcakale Ceylanpinari Siverek Bozova

1965 20.8 194 134 10.7 23.7 N/A®

1966 134 12.5 8.6 9.8 19.6 N/A

1967 35.8 22.7 24.8 19.7 43.8 N/A

1968 26.6 20.2 16.4 174 38.2 N/A

1969 33.0 17.5 17.3 20.9 30.7 N/A

1970 10.3 10.0 6.5 8.1 134 N/A

1971 22.2 14.9 11.6 12.3 20.5 N/A

. 1972 17.8 16.4 16.4 16.1 26.3 N/A
period-1 1973 9.0 9.4 4.5 4.6 14.1 N/A

(1965-1981)

1974 194 13.8 12.2 14.0 24.6 N/A

1975 19.5 16.5 11.3 12.3 22.2 N/A

1976 30.5 25.2 17.4 215 42.9 N/A

1977 15.8 13.2 10.5 11.8 21.1 N/A

1978 14.2 115 8.4 12.4 22.4 N/A

1979 19.9 12.3 125 114 27.5 N/A

1980 19.3 19.8 13.9 16.6 28.1 N/A

1981 21.6 17.0 12.2 14.7 24.2 N/A
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Continued Table 2.

1982 15.0 114 9.8 135 24.1 N/A

1983 21.8 14.4 11.5 12.6 25.4 N/A

1984 15.9 13.2 7.1 7.9 26.8 N/A

1985 19.3 14.8 10.5 11.9 27.4 N/A

1986 18.1 12.2 8.3 10.4 21.5 N/A

1987 22.5 13.9 12.8 14.7 36.4 N/A

1988 30.8 21.5 16.2 19.4 37.3 N/A

1989 12.4 8.9 8.4 7.1 16.3 N/A

Period-2 1990 10.7 10.5 8.1 6.4 16.2 N/A

(1982-1999) 1991 18.3 13.5 10.7 10.2 24.9 N/A

1992 17.3 12.2 9.0 12.1 23.3 N/A

1993 20.4 13.0 15.2 10.6 30.5 N/A

1994 21.1 16.8 12.7 16.2 31.9 N/A

1995 10.9 9.5 8.7 8.0 21.0 N/A

1996 35.2 23.9 18.6 19.0 394 N/A

1997 19.0 14.7 10.7 10.3 29.7 N/A

1998 16.5 12.5 8.0 8.5 24.1 N/A

1999 11.6 9.1 6.7 7.4 14.4 N/A

2000 15.5 12.6 10.2 7.7 22.2 14.8

2001 219 18.9 14.2 11.5 31.5 20.4

2002 13.2 9.6 9.8 8.7 16.5 13.4

2003 20.9 17.0 13.3 13.0 31.5 211

2004 20.7 17.7 11.0 12.4 25.7 17.9

2005 13.6 11.3 8.2 6.7 20.3 14.2

2006 14.2 14.0 8.6 14.9 27.0 16.7

2007 14.6 15.5 7.6 12.5 21.7 12.3

. 2008 12.3 7.8 6.2 4.1 18.9 10.4
Period-3

(2000-2018) 2009 18.2 15.9 9.8 8.6 31.7 16.7

2010 10.4 9.3 4.4 5.6 21.9 10.8

2011 18.3 15.9 10.7 9.1 31.4 24.4

2012 24.8 21.2 12.2 8.8 30.9 23.3

2013 16.1 11.8 7.6 8.8 19.1 13.8

2014 16.0 7.7 11.8 10.2 19.6 18.2

2015 15.5 13.8 8.1 8.8 24.4 14.3

2016 12.4 9.1 7.4 8.2 23.1 11.6

2017 7.5 7.0 8.0 4.5 15.2 13.3

2018 28.1 19.1 23.7 13.0 32.9 25.2

*Not Applicable due to the lack of yearly data

Fitting probability distributions to EDI series

Frequency analysis was performed to EDI series —
calculated by using annual total precipitation and mean
annual maximum temperature series— based on the
periods considered. The probability distribution function
(PDF) of each data set was obtained by frequency
analysis. Index values (EDI) having 50% probability level,
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i.e. recurrence interval of two-year, was estimated for
the three periods of each station by utilizing PDFs
determined exclusively for each predetermined period
of stations. The probability distribution models
determined for each period of stations and estimated
Ering drought indices with 50% probability level were
summarized in Table 3.
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Table 3. Best fitted PDFs for the stations and periods considered, and Im values of 50% probability level

Stations Record Period PDFs EDI (Im)
Period 1 (1965-1981) Pearson Type 5 19.6
Sanliurfa Period 2 (1982-1999) Logistic 18.1
Period 3 (2000-2018) Extreme Value 15.8
Period 1 (1965-1981) Logistic 15.8
Birecik Period 2 (1982-1999) Log-Logistic 12.9
Period 3 (2000-2018) Normal 13.4
Period 1 (1965-1981) Log-Logistic 12.5
Akcakale Period 2 (1982-1999) Inverse Gauss 9.8
Period 3 (2000-2018) Log-Logistic 94
Period 1 (1965-1981) Extreme Value 13.1
Ceylanpinari Period 2 (1982-1999) Extreme Value 10.8
Period 3 (2000-2018) Extreme Value 8.9
Period 1 (1965-1981) Log-Logistic 24.6
Siverek Period 2 (1982-1999) Logistic 25.9
Period 3 (2000-2018) Extreme Value 23.6
Period 1 (1965-1981) N/A N/A
Bozova Period 2 (1982-1999) N/A N/A
Period 3 (2000-2018) Lognormal 15.4

As seen in Table 3, there is no clear and distinct
probability distribution function for the stations and
periods considered. EDI Drought Indexes with 50%
probability level obtained for the 3 subgroup or period
of each station indicates an increasing drought trend in
Sanhurfa, Akgakale and Ceylanpinari meteorological
stations and their environs. Based on the probabilistic
estimates, It might be confidently concluded that
Sanhurfa meteorological station and its environs of
“Semi-arid” climate type has been in a tendency to
“Arid” climate type. Moreover, Akgakale and
Ceylanpinari meteorological station environs of “Arid”
climate type has had a tendency towards “Severe arid”
climate type. As shown in Table 3, while Birecik
meteorological station and its environs of “Arid” climate
type was found to be in a tendency to “Semiarid” climate
type, “Semidry” climate type which was developed in the
environs of Birecik meteorological station has taken
place after the construction of Birecik Dam. Accordingly,
while the climate type of Siverek meteorological station
environs has had a “Sub-humid” climate type in the first
period, i.e. between 1965-1981, the transition from
“Sub-humid” climate type to “Humid” climate type has
been accelerated or triggered in the second period
(between 1982 and 1999), i.e. after the construction of
the Atatlirk Dam on the Euphrates river. However, it was
observed that both the extent and severity of drought
episodes has been liable to increase in Siverek station.
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Based on the overall assessment results, drought prone
areas have been disposed to increase in Sanlurfa,
Akcakale, Ceylanpinari and Siverek meteorological
stations and their environs in the long run. Construction
of Birecik Dam has hindered drought development to
some extent, indicating a positive effect on the local
climatic factors by raising the humidity in the region. Due
to the lack of yearly data at the Bozova meteorological
station in period-1 and period-2, EDI for this location
could only be calculated for the period-3. It was
concluded that “Semiarid” climate type has been
preponderant at the Bozova station and its environs.

Ering drought index maps with 50% probability level for
the periods

After determining the EDI values pursuant to 50%
probability at each station for three periods in turn,
maps for three different time periods were generated in
GIS media, through using by ordinary kriging method, in
order to figure out spatio-temporal tendencies of
climate types in Sanliurfa town and its environs. The
generated maps by the periods show that climate types
conspicuously exhibit spatial dependence. This behavior
might be responsible for spatial clustering of
meteorological variables over the area (Figure 2).

As seen in the Figure 2, “Arid”, “Semi-arid” and “Sub-
humid” climate types have been the staple climatic
characteristics of Sanlurfa province and its environs.
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Those climate types have dominated from south to
north, respectively. The arid zone extended into the
Syrian border starting from Harran district to Akcakale
and Ceylanpinar environs in the period of 1965 and 1981
(Period 1). On the other hand, “Semi-arid” climate type

was preponderant effectively in the region, stretching
from north of Akcakale and Ceylanpinari line to Siverek
environs where “Sub-humid” climate type appeared
onwards.
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Figure 2. Spatio-temporal tendencies of climate types Sanliurfa province by the periods considered

In Period-2 (1982-1999), regardless of the fact that the
Atatlrk Dam was put into operation in 1992, the “Arid”
climate type had continued to spread along Halfeti,
Birecik, Surug, Harran, Akgakale and Ceylanpinari
corridor. The “Semi-arid” climate type dominated in the

region from the northern of this corridor to Siverek
town. On the other hand, “Sub-humid” climate type
continued to expand into the direction of Siverek
environs starting from the northern part of the upstream
of the Atatiirk Dam. It was interpreted that the increase
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of humidity in this period was due to the construction of
the Atatlirk Dam. Our research findings showed
similarities with Tonkaz and Cetin (2007) and were in
good agreement with the findings given by Tonkaz et al.
(2007).

A number of large dams have been constructed and put
into operation in the Period-3 (2000-2018). Although the
Atatirk Dam, Karkamis Dam and Birecik Dam were
gradually operationalized in 1992, 1999 and 2000,
respectively,  “Arid”  climate type continued
inconceivably to spread from the south of the Ataturk
Dam upstream, Bozova, Sanliurfa and Viransehir
corridor. In addition to that, “Semi-arid” climate type
continued to stretch away up to Siverek in the north of
the corridor established too. It has been observed that
“Sub-humid” climate type influenced a very small area
located in the north of the Atatlirk Dam, but its influence
continued in a small part of Siverek town. As a result, it
has been determined that the “Arid” climate
characteristic has been spreading out to the northern
parts of the study area, starting from the Akcgakale
boundary line up to the province of Sanlurfa. Although
the Atatlrk, the Birecik, and the Karkamis Dams have
exerted an influence on mitigating drought expansion in
the northwestern parts of the study area, it is unlikely
that it would prevent the spread of drought episodes in
the future because of global warming and/or climate
change phenomena.

CONCLUSIONS

This study was carried out in Sanhurfa town and its
environs —located in the Southeastern Anatolia Project
(GAP) area— in order to figure out spatio-temporal
tendencies of climate-types. In line with this objective,
Ering Drought Index series were successfully obtained by
using long-term annual total precipitation and annual
maximum temperature data sets. After this series was
divided into three non-overlapping successive parts or
periods, i.e. period-1 (1965-1981), period-2 (1982-1999)
and period-3 (2000-2018), the best fitting probability
distribution models for the EDI series of each period
were in turn determined by performing a regular
frequency analysis technique. There is not a unique
probability function for the data analyzed. Phase one of
this study was successfully achieved by means of
estimating EDI values of 50% probability level for the
three periods of each station. The second phase of the
study was completed by generating climate maps over
the study area for the three successive periods. The
following conclusions might be drawn from research
findings:
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4 Based on the EDI values of 50% probability level
for Birecik and Siverek meteorological stations for the
period-1 and period-2, construction of dams have had a
positive influence on local climate factors by increasing
the humidity in the region.

v “Arid”, “Semiarid” and “Subhumid” climate
types have dominated in Sanlurfa province and its
environs by the periods, stretching from south to the
north, respectively, and showed spatio-temporal
tendencies in the region.

v The spatio-temporal variability in “Arid” climate
type has gradually continued to spread away from south
to north in all three periods.

v Although construction of the Atatlrk, the
Birecik, and the Karkamis Dams has resulted in a good
influence on mitigating drought expansion in the
northwestern parts of the study area, it is unlikely that it
would prevent the spread of the future trends in drought
episodes because of global warming and or climate
change phenomena.

v It was strongly recommended that spatio-
temporal climate change studies be periodically
conducted for the whole GAP area.

4 In order to mitigate negative effects of climate
change, forestation and forest management practices
should be planned and implemented urgently in
Sanliurfa town and its environs.
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Seedling growth characteristics of wheat seeds grown at different groundwater depths,
without irrigation

Sulamasiz kosullarda farkli taban suyu derinliginde yetistirilmis bugday tohumlarinin fide biiyiime 6zellikleri
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Aims: This study was carried out to investigate the influence of
groundwater depths (30, 55 and 80 cm) on germination and seedling
growth characteristics of wheat seed grown without irrigation.

Methods and Results: The wheat crops were grown in 9 lysimeters (60 cm
diameter x 100 cm height) under rain shelter condition and then harvested
wheat seeds from different groundwater depths were used for
germination experiment. The results show that groundwater depths
affected the early growth parameters of wheat seed. However, root fresh-
dry weights and root lengths were not statistically influenced by
groundwater depths, whereas these values increased with increase
groundwater depth up to 55 cm and then decreased. Moreover, shoot
length, shoot fresh weight and root dry weight were considerably affected
by groundwater depths.

Conclusions: In the light of the obtained data, it can be said that the ground
water depth will have a significant effect on seedling growth
characteristics and grain productivity in considering wheat seed selection.
Significance and Impact of the Study: The obtained results from this study
the highest early seedling growth parameters of wheat were obtained
from 55 cm groundwater depths, while the lowest values were obtained
from 80 cm groundwater depth. In the light of these values, under the
shallow groundwater and without irrigation grown wheat crops, when
groundwater depth is higher than 55 cm, reusing of wheat seeds were
significantly decreased early growth parameters and consequently
decreases yield losses.
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Groundwater table, Triticum aestivum,
Seed germination, Seedling growth.
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GIRIS beslenmesinde bugday en o6nemli besin ihtiyacini

saglamaktadir (FAOSTAT, 2011). Bugday, diinyada en

Surekli artan insan niifusunun yeterli ve kaliteli gida ile
beslenmesi 21. Yuzyilin en blylik sorunlarindan birini
olusturmaktadir. Glinimizde, dokuz kisiden biri yeterli
kalori saglayabilmek icin yeterli gida ile beslenememekte
ve hatta yetersiz gida sorunlarindan dolayi ciddi sorunlar
yasamaktadir (FAO, 2014). Kiresel gida glivenliginin
saglanmasinda tahil drlnleri 6nemli gida kaynagini
olusturmaktadir. Temel gida ihtiyaclari arasinda, insan

yaygin ekilen mahsul bitkisidir ve ozellikle insanlarin
beslenmesinde ana kalori kaynagini olusturmaktadir
(Cakmak, 2008). Ancak bugday bitkisi bircok cevresel
faktorlerden (kurakhk ve tuzluluk stresi, iklim degisimi
taban suyu) etkilenmektedir. Bugday Uretiminin
surdarilebilirligi ve cevresel faktorlerin verim tizerinde ki
etkisini en aza indirmek icin, stres faktorlerinin kisa veya
uzun donemli etkilerinin neler olabilecegi ve nasil 6nlem
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alinabilecegi konusunda calismalarin ydritidlmesi ve
alternatif ¢cozimler Uretilmesi gerekmektedir.

Abiotik stres faktorleri arasinda, tuz stresi bugday
tohumlarinin ¢cimlenme ve fide gelisimi, bitki blylime ve
gelismesini azaltmakta ve sonucta bugday veriminde
onemli derecede dislislere neden olan en énemli stres
faktora olarak goriilmektedir (Atak ve ark., 2006; Saleh
ve ark., 2015). Tahil Grlnleri, ¢cimlenme ve erken fide
gelisim donemlerinde tuzluluga duyarl bitkiler olarak
degerlendirilir (Ghoulam ve Fares, 2001). Topraktaki tuz
miktarinin artmasi tohumlarin ¢imlenme oranini azaltir
ancak ¢imlenme zamaninin uzamasina neden olur
(Lauchli ve Grattan, 2007).

Birgok bitkinin tuzlu topraklarda ¢cimlenme ve erken fide
gelisim potansiyeli azalmaktadir. Bunun nedeni, atik su,
drenaj suyu veya tuz icerigi yiksek artezyen suyunun
sulama da kullanilmasi yani sira ¢ok sicak iklim
bolgelerinde topraktan asiri buharlasmanin
gerceklesmesi sonucunda toprakta tuz miktarinin
artmasindan kaynaklanmaktadir. Topraktaki tuz hareketi
ile taban suyu derinligi arasinda yakindan bir iligki
bulunmaktadir (Jin ve ark., 2012; Wang ve ark., 2015).
Taban suyunda ¢6ziinmis bulanan tuz mineralleri
dogrudan veya kapilarite ile bitki kok bolgesine
ulasmaktadir. Bu durum, hem bitki gelisimini olumsuz
etkilemekte hem de tuzlu ve sodyumlu topraklarin
olusmasina neden olmaktadir. Ayrica, taban suyunun
ylzlek olmasi toprak gozeneklerinin su ile dolmasina
neden olmakla birlikte bu durum topragin hava ve su
dengesinin bozulmasina, bitkilerin dengeli beslenmesini
engelleyerek  bitki  gelisimini  olumsuz  ydnde
etkilemektedir (lbrahimi ve ark., 2014; Gong ve ark.,

2015).

Literatilir incelendiginde, taban suyu derinligi ile bugday
verim ve verim bilesenleri arasindaki iliskiyi inceleyen
bircok calisma bulunmaktadir (Ayars ve ark., 2006;
Gowing ve ark., 2009; Ghamarnia ve Farmanifard, 2014).
Ancak farkli taban suyu derinliginde yetistirilen bugday
tohumlarinin ¢imlenme ve erken fide gelisimi ile ilgili
calisma bulunmamaktadir.

Diinyanin temel besin kaynagl olan bugday
yetistiriciliginde kaliteli tohum segimi verim Uzerinde
onemli etkiye sahiptir. Glglu fide ve fide gelisimi verimi
olumlu yoénde etkilemektedir (Atar ve Kara, 2017). Bu
nedenle, bu c¢alisma farkli taban suyu seviyesi
kosullarinda yetistirilmis bugday tohumlarinin ¢gimlenme
ve erken fide gelisim 6zelliklerini belirlemek amaciyla
yaratdlmastar.

MATERYAL ve YONTEM

Tohum kaynagi ve lizimetre denemesinin yirittlmesi
Sulamasiz olarak farkli taban suyu derinligi kosullarinda
yetistirilmis bugday tohumlari elde etmek amaciyla
yapilan bu ¢alisma; Ondokuz Mayis Universitesi Ziraat
Fakiltesi Deneme ve Arastirma arazisinde, Kasim 2017-
Haziran 2018 tarihleri arasinda dort tarafi acik Uzeri
plastik értii ile kapali 120 m? genisliginde bir alanda
lizimetre galismasi yirattlmuistir. Bugday tohumlari,
¢ap! 60 cm ve yiksekligi 100 cm olan lizimetrelere ve her
lizimetreye 135 adet tohum ekimi yapilmistir. Denemede
kullanilan topraginin fiziksel ve kimyasal ozellikleri
Cizelge 1’de verilmistir.

Cizelge 1. Deneme topraginin fiziksel ve kimyasal analiz sonuglari

Parametreler Degerleri Parametreler Degerleri
Ece (dSm™) 0.27 Kum (%) 43.4
pH 8.08 Silt(%) 31.3
Na (meq 100gr?) 3.86 Kil (%) 25.3
Mg (meq 100gr?) 12.89 Binye sinifi Tinli
K*(meq 100gr) 0.6 Tarla Kapasitesi (%) 34.2
Ca (meq 100gr?) 48.4 Solma Noktasi (%) 20.9
P (P.0Os da’l) 15.1 Organik Madde (%) 0.75
Kire¢ (%) 15.1 P (P,0s dal) 9.77
KDK (meq 100grt) 65.75 ESP(%) 5.87

Kardeslenme doéneminden sonra, mariotte sistemi sulama islemi yapilmamistir. Hasat doneminde, her bir

kullanilarak konularina gore lizimetreler de 3 farkli taban
suyu derinligi (30, 55 ve 80 cm) olusturulmustur. Calisma
da taban suyu olarak 0.20 dSm™ tuz icerigine sahip
cesme suyu kullanilmistir. Calisma periyodu boyunca,
bugday tohumlari sadece kardeslenme dénemine kadar
ylzeyden sulanmis ve taban suyu olusturulduktan sonra
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lizimetredeki basaklar hasat edildikten sonra harman
makinesinde harmanlama islemi yapilmistir. Cimlenme
calismasi 6ncesinde, her bir taban suyu derinligi konulari
icin homojen olacak sekilde tohumlar secilmistir.
Tohumlarin  yilzey strelizasyonu  %5’lik  Sodyum
Hipoklorit ile yapilmis ve daha sonra tohumlar saf su ile
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yikandiktan sonra hava kuru hale gelene kadar
bekletilmistir.

Cimlenme denemesinin kurulmasi

Cimlenme calismasi, 9 cm capinda ve cam malzemeden
petri kaplarinda ydiritiulmuistir. Cam petri kaplarinin
tabanina filtre kagidi (Whatman’s No:1) yerlestirildikten
sonra her petri de 50 adet homojen bugday tohumu
olacak sekilde cimbiz yardimiyla tohum ekim islemi
gerceklestirilmistir. Tohumlar, her giin 0.20 dSm™ tuz
icerigine sahip ¢esme suyu ile sulanmis ve cam petri
kaplarindan olasi buharlasmayi engelleyebilmek igin
kaplarin Gzeri cam kapak ile kapatilmistir. Daha sonra
konusuna gore her petri kabi etiketlenmis ve
iklimlendirme dolabina alinarak 12 saat glindiiz/gece
olacak sekilde ortalama 20+1 °C sicaklik ve %50 nem
diizeyinde 14 gin boyunca iklimlendirme dolabinda
cimlendirme testine tabi tutulmustur.

Cimlenme ve fide gelisim parametrelerinin él¢iilmesi
Calisma da, cimlendirme kontrolleri her glin yapilmis ve
2 mm kokglk uzunluguna sahip olan tohum ¢imlenmis
olarak kabul edilmistir (ISTA, 2003).

Cimlenme hizinin tespiti icin, 4. giin sonunda toplam
¢imlenen tohum sayisi ile toplam ekilen tohum sayisi
oranlanarak Esitlik 1’de Rubio-Casal ve ark. (2003)
tarafindan belirtilen esitlik kullanilarak tespit edilmistir.
Esitlikte, ns: cimlendirme baslangicindan itibaren
¢imlenen toplam tohum sayisi (tane), d: teste konulan
toplam tohum sayisini ifade etmektedir.

CH (%) = %xwo Es. (1)
Cimlenme glici tespiti i¢in, 8. glin sonunda toplam
¢imlenen tohum sayisi (ng) ile toplam ekilen tohum sayisi
(d) oranlanarak tespit edilmistir.
CH (%) = %xwo Es. (2)
Fide giic indeksi (FGI) degeri tespiti icin, Hossein ve Kasra
(2011) tarafindan  belirtilen  esitlik  kullanilarak
hesaplanmistir.

FGIi (%) = Cimlenme orani (%) x toplam kuru (siirgiin+
kok) agirlik (mg 10 bitki?)
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Calisma sonunda, bugday tohumlarinin fide gelisim
ozelliklerine ait slirglin yas ve kuru agirhigi, kok kuru ve
yas agirliklari, stirglin ve kok uzunlugu parametrelerinde
meydana gelen degisimi ortaya koyabilmek icin her petri
kapindan tesadiifi olarak 10 adet fide secilmistir. Stirglin
yas agirhig1 degeri, her petriden alinan 10 adet fidenin
tartilmasi ile edilmistir. Strglin ve koék uzunluklari her
petriden alinan fidenin siirgiin ve kék uzunlugu cetvel ile
Olgllerek her petriye ait ortalama uzunluk degeri tespit
edilmistir. Sirgiin ve kok kuru agirligi degerleri her petri
kabindan alinan 10 adet fidenin siirglin ve kokleri etliv de
70 °C'de 24 saat kurutulduktan sonra hassas terazide
tartilarak belirlenmistir.

Deneme deseni ve istatistik analiz
Cimlendirme c¢alismasi, tesaduf parselleri
desenine gore 3 tekerrirli olarak yaratilmustir. Bu
calismada, sulamasiz olarak farkli taban suyu
derinliginde yetistirilmis bugday tohumlarinin ¢cimlenme
ve fide gelisim 6zelliklerini arasindaki farkliliklar JIMP 13
istatistik Paket Programi kullanilarak degerlendirilmistir.
Bu amacgla, konular arasindaki olusan farkhliklar Student
t testi yontemine gore belirlenmistir. Ayrica, farkli taban
suyu derinligi ile fide gelisim parametreleri arasindaki
iliskiler bar grafigi ile incelenmistir.

deneme

BULGULAR ve TARTISMA

Farklh taban suyu seviyelerinde vyetistirilmis bugday
tohumlarinin cimlenme ve fide gelisim 6zelliklerine etkisi
Cizelge 2’ de verilmistir. Lizimetre ¢alismasinda, bugday
bitkilerinin yetistiriime periyodu boyunca ortalama
toprak nem igerigi D1 (30 cm), D2 (55 cm) ve D3 (80 cm)
icin sirasiyla topragin kullanilabilir su tutma kapasitesinin
%87, %74 ve %57 oraninda gergeklesmistir. Farkl taban
suyu derinliginin bugday tohumlarinin ¢imlenme hizi,
¢imlenme giicli, kok uzunlugu, kok vyas agirhgr ve
kok/surgiin orani Uzerine etkisinin istatistiksel olarak
Onemsiz oldugu tespit edilmistir. Ancak, taban suyu
derinliginin strglin uzunlugu, sirgln kuru agirligi ve fide
glc indeksi parametreleri Uzerine p<0.05 dizeyinde,
slrgiin yas agirhgr ve kok kuru agirligr tzerine p<0.01
diizeyinde etkisi istatistiksel olarak 6nemli bulunmustur.
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Cizelge 2. Farkh taban suyu derinliginde yetistirilmis bugday tohumlarinin ¢cimlenme ve fide gelisim parametreleri

Fide Gelisim Parametreleri

Varyasyon £ CG CH SU KU SYA KYA SKA KKA FGI Kok/Surgiln
Kaynaklari (%) (%) (cm) (cm) (gr) (gr) (mg) (mg) (%) Orani
Tekerrar 2
Tabar.1 S.Li\./u ) 3D 6D * éD sk AD * *ok * oD
Derinligi
Hata 4
Genel 8
LSDo0s - 4.0 2.02 1.97 0.20 0.32 10.50 5.24 376.06 0.20

CG: Cimlenme Guicli, CH: Cimlenme Hizi, SU: Strglin Uzunlugu, KU: K6k Uzunlugu, SYA: Siirgiin Yas Agirhgi, KYA: Kok Yas Agirhgi,
SKA: Siirgiin Kuru Agirligi, KKA: Kok Kuru Agirhigi, FGI: Fide Giig indeksi, **: p<0.01 6nemlilik diizeyi, *: p<0.05 énemlilik diizeyi, OD:

Onemli Degil.

Cimlenme Giicii ve Cimlenme Hizi

Farkli taban suyu derinliginde vyetistirilmis bugday
tohumlarinin ¢imlenme glci ve ¢imlenme hizi lizerine
etkisi istatistiksel olarak énemli bulunmamistir (Cizelge
1). Sekil 1'de gorilduga UGzere, farkh taban suyu
seviyelerinde tohumlarin gimlenme giicii %100 tespit
edilmigken, ¢cimlenme hizi degerleri ise %98 ile %99.3

arasinda degisim gostermistir. Elde edilen bu sonuglarin,
hem tohumlarin taze olmasi hem de ¢imlenme
¢alismasinda tohumlarin gimlenme ve fide gelisiminde
stres olusturmadan fide gelisimi saglayacak tuz degeri
(0.20 dSm?) dusuk sulama suyu kullaniimasindan
kaynaklandigi soylenebilir.
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Sekil 1. Farkh taban suyu derinliginde yetistirilmis bugday tohumlarinin ¢cimlenme giicti ve ¢cimlenme hizi tizerine

etkisi

Siirgiin ve kék uzunlugu

Sulamasiz kosullarda farkli taban suyu derinliginde
yetistirilmis bugday tohumlarinin en yilksek sirgin
uzunlugu degerleri 30 cm ve 55 cm olan taban suyu
seviyesinden elde edilirken en dusik slirglin uzunlugu
taban suyu derinliginin 80 cm oldugu konudan tespit
edilmistir (Sekil 2). Taban suyu 33 cm, 55 cm ve 80 cm
derinligindeki konular igin kdk uzunlugu sirasiyla 11.8,
12.7 ve 11.4 cm bulunmustur. Calisma kapsaminda,
taban suyu seviyesi toprak ylizeyine dogru yaklastikca
taban suyundan beslenme miktari da artmistir. Bitki Ust
aksami, kok bolgesinde yeterli nemin olmasi nedeniyle
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ihtiyac duydugu su ve besin miktarini daha rahat
karsiladigi soylenebilir. Bircok cevresel faktorler (tuz
stresi, su stresi, sicaklik, taban suyu)

nedeniyle, tohumlarin slrgiin ve koék uzunluklarinda
meydana gelen gerilemeler, tohumlarin blnyelerine
yeterince suyu alamamasindan kaynaklanmaktadir.
Saberali ve Moradi (2017) bugday tohumlarinda en
ylksek sirglin ve kék uzunlugu degerleri tuzsuz ortam
kosullarinda gézlemlenmis ve ortamin tuz igerigi arttikca
sirglin ve kok uzunluklarinda oOnemli derecede
azalmalarin meydana geldigini ifade etmislerdir.
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Sekil 2. Farkl taban suyu derinliginde yetistirilmis bugday tohumlarinin siirgiin ve kdk uzunlugu

Siirgiin ve kék yas agirliklan

Sekil 3 incelendiginde, taban suyu 55 cm derinligin
Ustlinde iken yetisen bugday tohumlarinin sirgiin yas
agirhg1 degerleri en yiiksek, 80 cm derinliginde iken

yetisen bugdaylarin stirglin yas agirlhig1 D> konusuna gore
%28.6 oraninda azalmistir. Kok yas agirhklari
incelendiginde konular arasinda istatistiksel olarak
onemli bir fark ortaya ¢ikmamis olup Di, D2 ve Ds;
konularinda sirasiyla 0.9, 1.0 ve 0.8 g saptanmistir
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Sekil 3. Farkh taban suyu derinliginde yetistirilmis bugday tohumlarinin strgiin ve kok yas agirhklari

Siirgiin ve kék kuru agirliklar

Sekil 4 gorildugi lGzere, sirgln ve kok kuru agriliklari
degerlerinde parabolik artis ve azalis gorilmektedir.
Surgln kuru agriliklart 119.2 mg ile 131.8 mg arasinda
degisim gostermistir. En ylksek slrglin kuru agirhg ise
D1 ve D; konularinda tespit edilmisken, ne diisiik strglin
kuru agirligr D3 konusunda belirlenmistir. D> konusuna
gore surglin kuru agirliklari D3 igin %9.6 oraninda
azalmistir.

Sekil 4’'te incelendiginde kok kuru agirhiklari en yliksek 93
ve 98 mg degerleri ile D; ve D; konusundan ve en disik
deger ise D; konusundan 81 mg elde edilmistir. Elde
edilen bulgulara gore, farkh taban suyu derinliginde
yetistirilmis bugday tohumlarinin fide kuru agirhg,
sargin ve kok kuru agirliklarindaki bu farkliliklarin
bugday  tohumlarinin  canliigi  ve  glicindeki
farkhliklardan kaynaklandigi soylenebilir.
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Ozellikle taban suyunun yiizlek oldugu D; ve D
konularinda, bugday bitkilerinin yetistirilme
periyotlarinda toprak nem igeriginin yiksek olmasindan
dolayi daha az su stresi yasadigl ve topraktaki makro ve
mikro besin elementlerinden D3 konusuna gore daha
fazla yararlandigi ve bu nedenle bugday tanesinin
buyume kabiliyetini arttirdigi  sOylenebilir. Ancak,
sulamasiz kosullarda, taban suyunun 80 cm oldugu konu
incelendiginde, bitkileri yetistirme ortaminin nem diizeyi
30 ve 55 cm taban suyu seviyelerine kiyasla daha distik
olmasindan dolayi, bitkiler su stresi ile karsi karsiya
kalmistir. Boylece bitkiler ihtiya¢ duydugu su ve besin
elementlerinden vyeterince yararlanamamasi ve bu
durumun fizyolojik olum doénemlerinde tohumlarin
canhlik ve gii¢ performanslarinda kayiplara neden oldugu
soylenebilir.
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Sekil 4. Farkh taban suyu derinliginde yetistirilmis bugday tohumlarinin siirgiin ve kdk kuru agirliklar

Fide gii¢ indeksi ve kék/siirgiin orani
Fide glic indeksine iliskin istatistiksel degerlendirmeyi
veren Cizelge 1 ve Sekil 5'de goérildtugi Uzere, farkh

belirlenmistir. Buna gore, en yiksek fide gelisim indisi D2
konusunda ve en disiik deger ise D; konusunda tespit
edilmistir. Fide gelisim indeksi degeri D, konusuna gore

taban  suyu derinliginde  vyetistiriimis  bugday D: ve D3 konularinda %5.8 ve %14.7 oraninda azalma
tohumlarinin fide gelisim indeksi Uzerine istatistiksel meydana gelmistir.
olarak  p<0.01 onemlilik dizeyinde etkiledigi
3500 10
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= 3 g 08 L.. T 0.68
E 2500 5 S _—-——-.—“‘J'k
:!:*2000 g 06
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Sekil 5. Farkli taban suyu derinliginde yetistirilmis bugday tohumlarinin fide gl indeksi ve kék/stirglin orani

Fide gelisim 6zelliklerinin 6Gnemli parametrelerinden biri
kok/stirglin orani Sekil 5'te gorildigi gibi taban suyu
derinligine goére kok/stirgiin oraninda 6nemli olmayan
degisimler s6z konusu olmustur. D1, D, ve D3 konularrigin
kok/strgin orani  sirasiyla 0.73, 0.77 ve 0.68
bulunmustur.

Elde edilen sonuglara gore, farkli taban suyu derinliginde
yetistirilmis bugday tohumlarinin tekrar kullanilmasinda
tohum secimi icin taban suyunun 6nemli etkisinin oldugu
soylenebilir. Bir baska ifade ile, taban suyu derinligi
distilkce, kapillarite ile toprak Ust bolgesine su tasinimi
azalmakta bununla birlikte bugday sirglinlerine temel
besin elementlerinin tasinmasi azalmaktadir (Munns ve
Termaat, 1986). Stres kosullarinda yetistirilmis ve besin
icerigi dusik olan tohumlarin tekrar kullaniimasi fide
gelisimi ile birlikte verimde de 6nemli azalmalara neden
olacagi soylenebilir.

246

Sekil 6 incelendiginde, farkl taban suyu derinliginde
yetistirilmis bugday tanelerinin eni ve boy degerleri
arasindaki farkhlik meydana geldigi gorilmektedir. En
ylksek tane boyu 55 cm taban suyu derinliginde elde
edilmisken, en disik deger ise 30 cm taban suyu
derinliginde tespit edilmistir. Bununla birlikte, D;
konusuna gore tane boyu degerleri sirasiyla D;
konusunda %2.7 oraninda artmisken, D3 konusunda ise
%2.5 oraninda azalmistir.

Tane eni verileri incelendiginde, en diisiik tane eni degeri
D, konusunda elde edilirken, en yiksek tane eni degeri
ise D3 konusunda belirlenmistir. Sekil 6 da gorildigu
Uzere, farkl taban suyu derinliginde yetismis bugday
tohumlarinin tane eni degerleri arasinda istatistiksel
olarak farkhlik olusmamistir. Ozellikle, En yiiksek tane eni
ve en disuk tane boyu degerleri taban suyu derinliginin
80 cm oldugu konu da belirlenmistir.
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Sekil 6. Farkh taban suyu derinliginde yetistirilmis bugday
tohumlarinin tane eni ve tane boyu degerleri

Calismada elde edilen sonuglar degerlendirildiginde,
farkli taban suyu derinliginde yetistirilmis bugday
tohumlarinin ¢imlenme glcil ve ¢imlenme hizi Gzerine
taban suyu stresinin etkili olmadigl tespit edilmistir.
Bununla birlikte silirgiin uzunlugu, slirgiin yas agirhgi,
surglin kuru agirligl, kok kuru agirligi ve fide glc indeksi
degerlerinde ise tabansuyu derinliginin etkisinin oldugu
gorilmustir.

Sonuglar incelendiginde en iyi tohum gelisim 6zellikleri
tabansuyu 30 cm derinlikte ve 6zellikle 55 cm derinlikte
oldugu konulardan elde edilmistir. Kuru tarim sartlarinda
ve tinli blnyeli topraklarda taban suyunun 55 cm’in
altinda olmasi  durumunda vyetistiriimekte olan
bugdaylari su stresiyle karsi karsiya olmalarindan dolayi
daha zayif tane gelisimi s6z konusu olabilmektedir. Bu
nedenle daha zayif gelismis taneleri de daha dusulk
cimlenme karakteristikleri gdstermistir

OZET

Amag: Bu calisma sulamasiz kosullarda farkli taban suyu
derinliklerinde (30, 55 ve 80 cm) yetistirilmis bugday
tohumlarinin ¢imlenme ve fide gelisim o&zelliklerini
incelemek amaciyla ylritilmastir.

Yontemler ve Bulgular: Bugday bitkileri, 9 farkl
lizimetrede (60 cm ¢api x 100 cm yikseklik) Gstii plastik
orti ile kapatilmis bir alanda yetistirilmis ve daha sonra
farkli taban suyu derinligi konularindan hasat edilen
bugday tohumlari ¢imlenme g¢alismasinda kullanmustir.
Elde edilen sonuglar, farkli taban suyu derinliginin
bugday tohumlarinin erken fide gelisimini etkiledigini
gostermistir. Ancak, taban suyu derinliginin kok yas-kuru
agirhklari ve kék uzunlugunu istatistiksel olarak dnemli
etkilemedigini fakat bu veriler taban suyu derinligi 55
cm’ye yikselmesi ile artmakta ve daha sonra
azalmaktadir. Bununla birlikte kok uzunlugu- yas agirhgi
ve kok kuru agirligi degerleri taban suyu seviyesinden
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onemli derecede etkilenmislerdir.

Genel Yorum: Elde edilen veriler 1s1ginda, taban suyu
derinliginin bugday tohumu seciminde g6z 6nilnde
bulundurulmasinda fide gelisim ozellikleri ve tane
Uretkenligini Gnemli derecede etkileyecegi sdylenebilir.
Calismanin Onemi ve Etkisi: Calismadan elde edilen
sonuclara gore, sulamasiz ve ylizlek taban suyu
kosullarinda yetistirilen bugday bitkilerinden elde edilen
tohumlarin tekrar kullanilmasinda, taban suyu seviyesi
55 cm’den daha vyiksek oldugunda erken biiyiime
parametrelerini 6nemli Olclide azaltacagl ve sonucta
verim kaybina neden olacagi soylenebilir.
Anahtar Kelimeler: Tabansuyu derinligi, Triticum
aestivum, tohum ¢imlenmesi, fide blylmesi.
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Aims: The purpose of this study is to evaluate whether the effluent quality
of outlet water at Van Province Urban Treatment Facility outlet water is
suitable for use in irrigation within the framework of relevant legislation.
Methods and Results: In the study, the analysis was carried out at treated
waste water samples the months representing the irrigation season (June,
July, August and September). In the analysis; pH, EC, cations (Ca, Mg, Na,
and K), anions (CO3, HCO3, SO4, and Cl), chemical and biological oxygen
needs, suspended solids, total N and P, fecal coliform, micro element and
heavy metal contents (B, Fe, Cu, Mn, Zn, Pb, Cd, Cr, and Ni) were
determined. In addition, % Na, sodium adsorption rate, permanent sodium
carbonate and Langelier saturation index values were calculated. It has
been determined that the results did not exceed the limit values in the
regulation and can be used safely in short term irrigation.

Conclusions: According to the obtained results of the evaluation, the limit
values id not exceed based on the ""Turkey Wastewater Treatment Facility
Technical Procedures Communique’ and It has been observed that the use
of treated wastewater in irrigation will not pose a risk.

Significance and Impact of the Study: In recent years, it is important to
use treated wastewater, which is an alternative water source, for irrigation
in order to preserve and reduce the pressure on existing clean water
resources. In addition, thanks to the nutrients it contains in the treated
wastewater, it will reduce the amount of chemical input in agricultural
production.

Atif / Citation: Cakmakci T, Sahin U (2019) Evaluation of treated wastewater quality in terms of irrigation water within the
framework of related legislation: the case of Van province. MKU. Tar. Bil. Derg. 24 (Ozel Sayi) :249-256

GiRiS

Sulamada kullanilan sular, ¢6zlinmus tuzlarin tiriine ve
miktarina bagh olarak kalite bakimindan biyik 6l¢lide
degismektedir (Islam ve Shamsad, 2009). Ozellikle kurak
ve yarl kurak kosullarda diisiik kaliteli sulama suyu daha
fazla endise vericidir. Mevcut su kaynaklarinin tiikenmesi
ve yetersizligi sebebiyle alternatif su kaynagi arayislari
hiz kazanmaktadir. Alternatif su kaynaginin basinda da
bircok Ulkede kullanilmakta olan aritilmis atik sular
gelmektedir.

Atik sularin kesin bilesimi acgik bir sekilde farkl kaynaklar

ve zamanlar arasinda degismekle birlikte, ana bileseni
sudur. Atik sularin yaklasik olarak % 99’ unun su ve % 1’
inin askida, kolloidal ve ¢6zlinmis kati maddelerden
olustugu bilinmektedir (UN, 2014). Dolayisiyla aritilmis
atik sular, suyun ve diger 6nemli bilesenlerin geri
kazanilmasi, atik suyun bertarafi ve glivenli bir sekilde
yeniden kullanilmasi dahil, cok sayida firsat sunmaktadir.
Atik su, blyik dlclde tiim yil boyunca mevcut olan bir su
kaynagi olarak kabul edilmektedir (Hussain ve ark., 2002;
Qadir ve Scott 2010; Becerra-Castro ve ark., 2015). Suyun
mevcudiyeti ve besleyici 6zellikleri, 6zellikle kurak ve yari
kurak bolgelerde son derece degerli olmaktadir. Bircok
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kurak ve yari kurak bolgede, aritilmis atik suyun tarimda
yeniden kullaniimasinin tarimsal Gretimin
sirdardlmesine 6nemli o6lclide katkida bulundugu
bilinmektedir (Lazarova ve Bahri 2004; Gourbesville
2008). En 6nemlisi de daha yiksek verim, ¢oklu ekim
donglisii ve daha genis bir (irlin yetistirme yelpazesine
izin vermektedir (Qadir ve Scott 2010).

Orta Dogu, Kuzey ve Gliney Afrika, Kuzey Akdeniz
Ulkeleri, ABD, Avustralya ve Cin'in bir bolimiinde atik
suyun tarimda yeniden kullanilmasi geleneksel bir
uygulama olup su kaynaklari yonetiminin 6nemli bir
pargasli haline gelmistir. Toplam su arzinin % 10 ila 40" ini
ve sulama suyu arzinin da yaklasik % 30 ila 70" ini temisil
etmektedir (Raschid-Sally ve Jayakody 2009).

Sulamada, atik suyun yeniden kullanma potansiyeli
yliksek olsa da dikkatli bir sekilde yodnetilmediginde
tehlike yaratmaktadir. ClinkU aritilmis atik suyun icinde
besleyici maddeler disinda agir metaller, tuzlar ve zararl
kimyasallar bulunmaktadir. Cevre bu bilesenlerin her
biriyle iliskili oldugundan atik su kullanimina dikkat
edilmelidir (Kontas ve ark., 2004). Bununla birlikte, atik
suyun yeniden kullanimi halk saghginin korunmasina,
uygun atik su aritma teknolojisine, aritma guvenilirligine,
su yonetimine ve halkin kabuline ve katiimina dikkat
edilmesini gerektirmektedir (Kang ve ark., 2007). Ayrica,
atik suyun sulamada kullanimi, toprak ve yeralti sulari
icin olasi bazi cevresel riskleri beraberinde getirmektedir.
Aritilmig atik sularin arazide kullanilmasi igin 6ncelikle
suyun kalitesinin yeterli seviyede olmasi gerekmektedir.
Ulkemizde, Atik Su Aritma Tesisleri Teknik Usuller
Tebligi’ne gore aritilmis atik suyun sulamaya uygun olup
olmadigini belirlemek igin suyun igindeki ¢6zlinmis
maddelerin toplam konsantrasyonu ve elektriksel
iletkenligini, sodyum iyonu konsantrasyonu ve sodyum
iyonu konsantrasyonunun diger katyonlara oranini, Bor,

agir metal ve toksik olabilecek diger maddelerin
konsantrasyonunu, baz sartlarda Ca** ve Mg"
iyonlarinin toplam konsantrasyonunu, toplam kati

madde, organik madde yuki ve yag-gres gibi yilizen
maddelerin ve patojen organizmalarin miktarinin
incelenmesi  gerekmektedir (Anonim 2010). Bu
calismada da Van ili Kentsel Aritma Tesisi ¢ikis suyunun
kalitesi tlkemizde yurirlikte olan yonetmelikler ve bazi
uluslararasi  kriterler esliginde irdelenmis, suyun
kalitesine bagh olarak da sulama suyu olarak kullanilip-
kullanilmayacagi degerlendirilmistir.

MATERYAL ve YONTEM
Calisma, Van Yiiziincii Yil Universitesi Tarimsal Uygulama

ve Arastirma isletme Miidiirliigiine ait deneme alaninda
ylritilmistir. Denemenin yiritildigia Van ili, uzun

250

yillar ortalama yagis miktari 388,5 mm (Anonim, 2016)
olup vyari kurak iklime sahiptir. Denemede kullanilan
aritilmis atik su, calisma alanina yaklasik 5 km mesafede
bulunan Van iskele Atiksu Aritma Tesisi’'nden temin
edilmistir. Tesise giren islenmemis atik su dncelikle fiziki
aritimdan gecerek 6n ¢okeltim havuzuna, oradan da
havalandirma havuzuna aktariimaktadir.

Havalandirilarak bakteri havuzundan gecen atik su son
cokeltim Unitesine aktarilmakta ve buradan da desarj
edilmektedir.

LM

AR :
Sekil 1. Aritma Tesisi ¢lkis suyu

Sulama suyu ornekleri her iki yilda da sulama sezonunda
Haziran, Temmuz, Agustos ve Eylil aylarinin ortalarinda
olmak Ulzere 4 kez alinmis ve laboratuvara getirilip
analizler yapilincaya kadar +4°C  buzdolabinda
bekletilmistir. Alinan aritilmis atik su érneklerinde; pH,
EC, Katyonlar (Ca, Mg, Na, K), Anyonlar (COs, HCOs3, SO,,
Cl), biyolojik oksijen ihtiyaci (BOis), kimyasal oksijen
ihtiyaci (KOIi), askida kati madde (AKM), toplam N (TN),
toplam P (TP), Fekal koliform, mikro element ve agir
metal icerikleri (B, Fe, Cu, Mn, Zn, Pb, Cd, Cr, Ni)
belirlenmistir. Ayrica %Na, Sodyum Adsorbsiyon Orani
(SAR), Kalici Sodyum Karbonat (RSC) ve Langelier
Saturasyon indeksi (LSI) degerleri de hesaplanmistir.

Denemede, pH, pH metre (Ayyildiz, 1983); Elektriksel
iletkenlik (EC), Konduktivimetre ile dogrudan (Ayyildiz,
1983); COs ve HCOs, Fenolftaleyn ve bromkrosel yesili
indikatorleri kullanilarak salfirik asitle yapilan titrasyon
ile (TGzlner, 1990); SO4, Hazir kit kullanilarak Hach Lange
Dr 5000 UV/VIS marka spektrofotometrede okumalar
yapilarak (HACH, 2005); Cl, Potasyum kromat indikatori
kullanilarak giimis nitrat (AgNOs) ile titre edilerek
(Thziiner, 1990) belirlenmistir. KOI: LCK 400 Hach hazir
kitleri kullanilarak hazirlanan 6rneklerin éncelikle Permo
reaktor cihazinda isitilarak tepkimeye girmesi saglanmis
sonrasinda Hach Lange Dr 5000 UV/VIS marka
spektrofotometrede  okumalar  gergeklestirilmistir
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(HACH, 2005). BOis: Su érnekleri 5 giin boyunca Hach
marka BOI cihazina konulan su o6rnekleri sogurmal
inkibatorde 20 + 1 °C’ de bekletilmis sonrasinda cihazdan
okumalar yapilmistir (HACH, 2010). Askida kati madde
(AKM): Su 6rnegi, diizenekli bir filtreden gegirilmis, filtre
edilemeyen materyal 105°C'de kurutularak kalinti
miktari hassas terazide tartilarak belirlenmistir (APHA,
1995). Fekal koliform: Membran filtrasyon yontemi ile
belirlenmistir (Eckner, 1998). Toplam N (TN): Kjeldahl
yontemine gore analiz edilerek hesaplama ile
belirlenmistir (Anonim, 2015). Toplam P (TP): Fosfor ve
fosfat (P, PO4 ve P,0°) analizleri HACH DR 5000 model
spektrofotometrede HACH 8048 nolu PhosVer 3
(Ascorbic Acid)-(0.02- 2.50 mg/l POs3) metodu ile
PhosVer 3 phosphate Powder Pillowisimli fosfor reaktifi
kullanilarak yapilmistir (HACH, 2010). Bor: Karmin
metoduna gore belirlenmistir (Hatcher ve Wilcox, 1950).
Katyonlar, mikro elementler ve agir metaller (Ca, Mg, Na,
K, Fe, Cu, Mn, Zn, Pb, Cd, Cr, Ni): Su 6rnekleri Anonim
(1996; 2007)'de belirtilen yontemlere gore analize
hazirlandiktan sonra indiktif Eslesmis Plazma-Optik
Emisyon Spektrometresi (ICP- OES) cihazinda okumalar
yapilarak belirlenmistir.

Ylizde sodyum (% Na): Asagidaki esitlik kullanilarak
hesaplanmistir (USSL, 1954).

Na

%Na= ——————
% Na+Mg+Ca+K

x 100 Es. (1)
Sodyum adsorbsiyon orani (SAR): Asagidaki esitlik

kullanilarak hesaplanmistir (USSL, 1954).

Na
Kalici Sodyum karbonat (RSC): Asagidaki esitlik
kullanilarak hesaplanmistir (USSL, 1954).
RSC = (CO3+HCOs) — (Ca+Mg) Es. (3)

SAR, RSC ve % Na esitliklerinde iyon konsantrasyonlari
me/I’ dir.

Langelier Saturasyon indeksi (LSI): Asagidaki esitlik
kullanilarak hesaplanmistir (Ayers ve Westcot 1994).

LSI = pH,— pH Es. (4)

pH. ; gercek pH degeri, pH suyun kirec ile dengeye
ulastigindaki tepkimesidir. pH. degeri Kanber ve ark.,
(1992)'na gore belirlenmistir.

Sulamada  kullanilacak  olan  sularin  kalitesinin
degerlendirilmesi Cizelge 1’e, sulama sularinda izin
verilebilir agir metal miktarlari Cizelge 2’e ve damla
sulama yonteminde tikanmayi etkileyen su kalite
Olcitleri de Cizelge 3’e gore degerlendirilmistir.

Cizelge 1. Sulama suyu kalitesini degerlendirme 6lgitleri (Anonim, 2010)

Kullaniminda zarar derecesi

Parametre Birim Yok Az —orta Tehlikeli
(I. sinif su) (1. sinif su) (1. sinif su)
Tuzluluk
iletkenlik uS cm <700 700-3000 >3000
Toplam ¢6ziinmis madde Mg I <500 500-2000 >2000
Gegirgenlik
0-3 EC >0.7 0.7-0.2 <0.2
3-6 >1.2 1.2-0.3 <03
SARAg; * 6-12 >19 1.9-0.5 <0.5
12-20 >29 2.9-1.3 <13
20-40 >50 5.0-2.9 <29
iyon toksisitesi
Sodyum (Na)
Yiizey sulama (SAR) <3 3-9 >9
Damla sulama mg It <70 >70
Klor (Cl)
Yiizey sulama mg It <140 140 -350 > 350
Damla sulama mg It <100 > 100
Bor (B) mg It <0.7 0.7-3.0 >3.0
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Cizelge 2. Sulama sularinda izin verilebilir agir metal miktarlari (Anonim, 2010)

Birim alana

izin verilen maksimum konsantrasyonlar (mg I%)

verilebilecek
maksimum toplam
miktarlar (kgha)

Elementler

Her tiirli zeminde
stirekli sulama
yapildiginda sinir

pH degeri 6,0-8,5 arasinda olan killi
zeminlerde 24 yildan daha az sulama
yapildiginda sinir degerler

degerler
Aliminyum (Al) 4600 5.0 20.0
Arsenik (As) 90 0.1 2.0
Berilyum(Be) 90 0.1 0.5
Bor (B) 680 - 2.0
Kadmiyum (Cd) 9 0.01 0.05
Krom (Cr) 90 0.1 1.0
Kobalt (Co) 45 0.05 5.0
Bakir (Cu) 190 0.2 5.0
Floriir (F) 920 1.0 15.0
Demir (Fe) 4600 5.0 20.0
Kursun (Pb) 4600 5.0 10.0
Lityum (Li) - 2.5 2.5
Manganez (Mn) 920 0.2 10.0
Molibden (Mo) 9 0.01 0.05
Nikel (Ni) 920 0.2 2.0
Selenyum (Se) 16 0.02 0.02
Vanadyum (V) - 0.1 1.0
Cinko (Zn) 1840 2.0 10.0

Cizelge 3. Damla sulama yonteminde tikanmayi etkileyen su kalite olg¢ltleri (Anonim, 2010)

Parametre Birim

Kullaniminda zarar derecesi

Yok Az —-orta Tehlikeli
AKM mg I <50 50-100 > 100
pH <7 7-8 >8
TDS mg I <500 500-2000 > 2000
Mangan mg I <0.1 0.1-1.5 >1.5
Demir mg I <0.1 0.1-1.5 >1.5
H,S mg I <05 0.5-2.0 >2.0
Bakteri sayisi sayi It < 10000 10000-50000 > 50000

AKM: Askida kati madde, TDS: Toplam ¢6zlinmis kati madde
BULGULAR ve TARTISMA

Denemede kullanilan aritilmis atik suya ait pH, elektriksel
iletkenlik (EC), anyon ve katyonlar, mikro element ve agir

metal icerikleri, toplam azot (TN), toplam fosfor (TP),

Cizelge 4. Aritilmis atik suyun bazi analiz sonuglari

askida kati madde (AKM), kimyasal oksijen ihtiyaci (KOi),
biyolojik oksijen ihtiyaci (BOIls), Sodyum Adsorbsiyon
Orani (SAR), Kalict Sodyum Karbonat (RSC), Yizde
Sodyum (% Na), Langelier Saturasyon indeksi (LSI) ve
fekal koliform degerlerine iliskin analiz sonuglari ve
hesaplamalar Sekil 2 ve Cizelge 4’de verilmistir.

Aylar Temmuz Agustos Eylul
Parametreler 2015 2016 2015 2016 2015 2016
pH 7.52 7.90 7.85 7.15 7.41 7.66
EC (dSm™) 1.052 0.972 1.021 1.028 0.967 0.918
B (mgl?) 0.390 0.350 0.410 0.270 0.330 0.440
Mn (mg %) 0.056 0.057 0.048 0.074 0.050 0.064
Cu (mgl?) 0.012 0.013 0.011 0.016 0.010 0.011

252
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Cizelge 4. (devami)

Fe (mgI?) 0.372 0.484
Zn (mg 1Y) 0.013 0.007
Cr(mgl?) 0.002 0.004
Cd (mg ) 0.001 0.001
Ni (mg I'%) 0.027 0.025
Pb (mg ') 0.004 0.005
TN (mg1?) 8.25 9.32
TP (mg 1Y) 0.680 1.240
AKM (mg I'%) 26 25
KOi (mg 1Y) 36.10 40.50
BOIs (mg I'Y) 21.70 25.80
SAR 2.810 2.610
RSC (me I'%) 0.050 -
% Na 41.70 38.90
LSI +0.300 +0.600
Fekal koliform 145 120

(EMS 100 mI?)

0.454 0.473 0.351 0.451
0.012 0.009 0.010 0.011
0.002 0.002 - 0.002
0.002 0.002 0.002 0.001
0.031 0.027 0.019 0.027
0.007 0.005 0.008 0.006
9.77 10.52 10.09 8.70
1.010 1.160 0.800 0.930
28 34 24 27
35.70 37.70 33.40 36.50
20.90 22.60 20.10 21.80
2.560 2.580 2.470 2.440
39.50 38.50 38.30 37.70
+0.540 -0.030 +0.120 +0.390
176 185 162 137

‘“":Tespit edilemedi, Haziran ayinda atik su ile sulama yapilmadigi icin sonuglar degerlendirilmemistir.

icerik miktarlari (me/l)
N w B (9]

[N
1

Kalsiyum
Magnezyum
Sodyum
Potasyum

Karbonat

W 2015 Temmuz
W 2016 Temmuz
2015 Agustos
W 2016 Agustos
2015 Eylul
2016 Eylal

Bikarbonat
Klor
Sulfat

Parametreler

Sekil 2. Aritilmis atik suyun anyon ve katyon icerikleri

Cizelge 4 incelendiginde aritilmis atik suyun pH degerleri
7.15-7.90 arasinda degistigi gorilmektedir. Su Kirliligi
Kontrolii Yonetmeligi'ndeki Kita ici su kaynaklari
siniflandirmasina (Anonim, 2008) gore kullanilan sularin
pH degerleri 6.60-8.50 arasinda yer aldigindan 1. sinif
sular grubunda bulunmaktadir. Aritilmis atik suyun EC
degerleri ise 0.918-1.052 dS m™ arasinda olup “Atik Su
Aritma Tesisleri Teknik Usuller Tebligi” (Anonim,
2010)'ne gore 2. sinif su kategorisinde yer almaktadir.
Sularda bulunan katyonlardan ozellikle Ca + Mg
konsantrasyonu ile pH degerlerinin yiksek olmasi (>8.0),
damla sulamada damlaticilarin  tikanma  riskini
artirmaktadir (Ayers ve Westcot, 1994). Calis