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A Low Cost Capacitive Soil Moisture Measurement and
Datalogger System

Diisiik Maliyetli Bir Kapasitif Toprak Nemi Olgiim ve Veri Kay1t Sistemi

Abstract
Sorumlu Yazar

Muhittin Yagmur POLAT Water resources, which are indispensable for agriculture,

yagmurpolat@yahoo.com industry and domestic use, are under threat today. In order to
0000-0003-2795-4798 use water and soil resources efficiently and sustainably, it has
become an important need to develop new systems and methods
Yazar that can detect the moisture content of the soil. With the
Akin OZCAN developing technology and different techniques, the moisture
akinozcan222@gmail.com content of the soil began to be measured more accurately,
0000-0001-6183-0073 reliably and quickly. One of these techniques is measuring soil
moisture with high-precision and low-cost capacitive sensors. In

this study, an example system for measuring and recording soil

moisture was designed using the Arduino microcontroller board

and capacitive sensors. In the study conducted in a climate-

controlled greenhouse, a very high negative correlation was

found between sensor and gravimetric measurement values. The

regression relationship between sensor values and gravimetric

measurement values was examined and R? values between 85.6%
and 95.0% were obtained.

Keywords: Soil moisture, capacitive moisture sensor,

arduino
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kaynaklarinin verimli ve siirdiiriilebilir sekilde kullanilmas:
icin topragin nem igerigini tespit edebilecek yeni sistem
ve yontemlerin gelistirilmesi 6nemli bir ihtiya¢ haline
gelmistir.  Gelisen teknolojiyle birlikte farkli teknikler
sayesinde topragin nem igerigi daha dogru, giivenilir ve
hizli bir sekilde ol¢tilmeye baslandi. Bu tekniklerden biri
de toprak neminin yiiksek hassasiyetli ve diisiik maliyetli
kapasitif sensorlerle ol¢tilmesidir. Bu ¢alismada Arduino
mikrodenetleyici karti ve kapasitif sensorler kullanilarak
toprak nemi 6l¢limii ve kaydedilmesine yonelik ornek bir
sistem tasarlanmistir. {klim kontrollii bir serada sistem
ile yapilan calisgmada sensor degerleri ile gravimetrik
oleim degerleri arasinda ok yiiksek negatif korelasyon
bulunmustur. Sensor degerleri ile gravimetrik 6l¢iim
degerleri arasindaki regresyon iligkisi incelenmis ve %85.6

ile %95.0 arasinda R* degerleri elde edilmistir.

Anahtar Kelimeler: Toprak nemi, kapasitif nem

sensorii, arduino

Introduction

Water is essential for its roles in growing food, domestic
use, industry, tourism, and sustaining the earth’s ecosystem.
However, this essential resource is under threat. Growing
national, regional and seasonal water shortages around the
world pose serious challenges for national governments
and the international development and environmental

communities (Rosegrant et al., 2002).

The moisture content of the soil directly affects plant
growth, the distribution of plant nutrients along the soil
profile, soil aeration, infiltration and runoff. The mechanical
properties of the soil such as plasticity, consistency and
swelling-shrinkage are also a function of moisture content.
Therefore, determining the moisture content of soil is
a basic need in soil, hydrology and engineering studies
(Oztas, 1997). Detailed information about the water
content in the soil profile is of interest to many disciplines.
In this context, dynamic hydrological processes such as
infiltration and capillary rise in the soil can be examined.
Irrigation time and amount of water to be applied can be
determined by water use efficiency tests. Evapotranspiration

can be calculated from the change in the water content of
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the soil profile when infiltration, sedimentation and runoff
are known (Halbertsma et al., 1987). In order to use water
and soil resources more efficiently, it is inevitable to develop
new devices and develop new methods to measure soil water
content (Ozbek & Kaman, 2014). With the advancement
of technology, soil water content has begun to be measured
more accurately and reliably with the help of different
techniques. Thus, with the right techniques, it has been
ensured that the volumetric soil moisture content can be
monitored, repeated measurements can be taken, and fast
and time-dependent accurate and reliable measurements

are taken (Uytun et al., 2013).

The methods used in soil moisture determination are
divided into two groups as direct methods based on the
principle of determining the mass of water according to
their functions, and indirect methods based on the principle
of measuring any soil property dependent on soil moisture
content (Oztas, 1997). Direct methods are gravimetric.
In these methods, water in the soil is removed from a soil
sample by evaporation, washing or chemical reaction, and
moisture is determined from the removed amount (Oztas,
1997). The biggest disadvantage of direct methods is that
it is not possible to take more than one sample from the
same point and it causes damage to the soil profiles in the
trial plots. In the case of taking a large number of samples,
it causes the formation of macropores in the soil, which
may cause the soil moisture regime to change (Kutilek
& Nielsen, 1994; Oztas, 1997). Another disadvantage
of direct measurement methods is that the differences in
moisture content of soil samples taken at different times
will reflect both the variation in soil moisture and the
variation arising from the heterogeneous structure of the
soil. The most important feature of the gravimetric method
is that it is a standard method used for the calibration of
indirect methods (Oztas, 1997).

In indirect soil moisture measurement methods, the
changes in certain physical and physicochemical properties
of the soil depending on the amount of water are taken as
basis. In most of these methods, moisture determination
can be easily made either by permanent sensors placed in
the soil or by sensors placed in special slots opened in the

soil at the time of reading. The most common of these

— >



indirect methods, in which the water content of the soil
is determined by sensors, are time domain reflectometers
(TDR), neutron meters, tensiometers, conductivity sensors
(grained matrix sensors and gypsum blocks, etc.), thermal
sensors, frequency domain reflectiometers (campbell FDR)

and capacitive sensors. (Uytun et al., 2013).

The capacitive method is based on measuring the
capacitance of the dielectric medium of a capacitor.
Conductive plates or rods placed in the ground form a
capacitor structure. The soil-water-air mixture acts as the
dielectric medium of this capacitor (Halbertsma et al.,
1987). Materials that can store energy when an external
electric field is applied are called “dielectrics”. In other
words, the dielectric structure can be studied by monitoring
the changes in the capacitance of the medium (Iyibakanlar
& Oktay, 2007; Dean et al., 2011; Mander & Arora, 2014).

In electromagnetism, the dielectric constant is also
called the insulating constant. It is expressed as a coefficient
for measuring the ability of a material to store electrical
charge on it. It is a measure of the effects of an electric field
or how an insulating medium is affected Every material has
a dielectric constant value. The dielectric constant (g) ranges
from 1 to 81. The dielectric constant of water molecules
with dipolar moment is 81. The lowest value is for air and is
1. The dielectric constant value of the soil in the solid phase

varies between 3 and 5.

In a mineral soil, when most of the pores are filled
with air and the rest with water, the € value of the medium
is between 3-6. On the other hand, when a large part
of the pores is filled with water and the rest with air, it
varies between 40-50. Soil consists of solid, liquid and gas
phases. In a case where the solid phase value is constant, the
& value of the soil is a function that directly indicates the
moisture content (Anonymous, 1995; Kutilek & Nielsen,
1994; Hartmann, 1996; Oztas 1997; Fidan and Korkmaz,
2018). Bryan and Sanders (1928), developed a method for
measuring the dielectric constant of air in high-frequency
fields and analyzed the effect of temperature on the
dielectric constant of air. They concluded that even at high
temperature conditions, changes in the dielectric constant

of air were minimal (Physical Review, 1928).

Capacitor structures can be used as sensors in numerous

applications. This method is called the capacitive method

—
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and changes near the sensor surface can be measured. In
addition, this method has different advantages over other
methods. Measurements with a capacitive sensor do not
carry the potential health risks of radiation-based methods.
They are also relatively simple compared to radio frequency
(RF) based techniques. Capacitive sensors can be used to
monitor moisture content in soil, moisture content in grain
and paper, rain sensing. In addition, there are applications
of proximity, acceleration, angular velocity, position,
touch, liquid level and biomedical sensors based on the
capacitive method to detect physical changes. Advances
in microelectronics have made capacitive sensors popular
and more affordable in devices used to monitor the water
content of soil “in situ” (Fares & Alva 2000; Fares &
Polyakov 2006; Dean et al., 2011; Narmadha et al., 2012;
Mander & Arora, 2014).

The biggest advantages of Arduino are that it uses
open source code, has an extremely simple microprocessor
circuit, and has the necessary software package to program
the system. The use of open-source code is one of the most
important reasons for Arduinos popularity. Thus, the
codes written are not kept confidential and users can easily
access these codes (Kogak & Kirbas, 2016). There is an
ATmega2560 microcontroller on the Arduino Mega2560.
There are 54 digital input/output pins. In addition, 15 of
these pins can be used as pulse with modulation (PWM)
output, 16 as analog input and 4 as serial port hardware
(UART). Operating at 16 MHz, the board has a USB
connection, an external DC power supply input. It can
be powered by USB, AC/DC power supply or a battery
(Kusriyanto & Putra, 2016).

In the light of the above the literature, a microcontroller-
based system that can be measure soil water by capacitive

method has been developed and tested in the greenhouse.

Material and Methods

Material

The research was carried out in a climate-controlled
greenhouse located in the campus of the Soil Fertilizer and
Water Resources Central Research Institute in Ankara. The
soil used in the experiment was sieved with a 2 mm sieve.

The results of the soil analysis are given in the Table 1.
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Table 1. Physical and chemical properties of the soil used in the experiment

Field capacity (%) 28.1
Wilting point (%) 15.2
Bulk density(g cm?) 1.24
Saturation (%) 62
Soil textural class CL (clay loam)
EC in water saturated soil (dS m™?) 0.62
pH in water saturated soil 7.78
CaCO, (%) 18.4
P O, (%) 11.4
K,O (%) 118
Organic matter (%) 1.89
Total C (%) 3.25
Total N (%) 0.12
Soil organic C (%) 1.1
Soil inorganic C (%) 2.21

The developed system consists of an Arduino to easily add additions such as temperature sensor,
Mega 2650 board, a data storage unit with a SD card, air humidity and temperature sensor to the system.
a LCD screen, a real time clock (RTC), four low General view of the system is given in Figure 1. The
cost capacitive soil moisture sensors, a power supply algorithm of the code and principal schematics are

and microcontroller code. In addition, it is possible given in Figure 2.

Figure 1. General view of the system

; ZIRAAT MUHENDISLIGI | Yil: 2024 | Say:: 380 =° ;
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Figure 2. Algorithm (a) and principal schematics of the system (b)

The sensors used in the system are Capacitive Soil
Moisture Sensor v1.2 and do not use electrical resistance
detection like other low-cost sensors on the market. Instead,
it measures soil moisture levels by sensing capacitance that
changes according to the water content in the soil. The
sensor works as a capacitor in a fixed frequency square wave
oscillator circuit built with a 555 Timer IC. It converts the
measured capacitance values into electrical signals in the
range of 1.2 - 3.0 V. Thus, it can be connected to the analog
input pin of a microcontroller such as Arduino. The sensor
is coated with a corrosion-resistant material to ensure a

long service life (Anonymous, 2022).

The microcontroller code of the system was written
in the Arduino Development Environment (IDE) based

on the C / C++ programming language and uploaded

H—

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

to the Arduino Mega 2560. The analog values taken
from the moisture sensors in the range of 0-5 Volts are
saved to the memory card by performing analog-digital
conversion (ADC) with 10-bit resolution. Therefore, the
sensor data is in the range 0-1023 since it is 10-bit. Wire.h,
LiquidCrystal_I2C.h, SPLh, SD.h and DS1302.h libraries

are used in the microcontroller code.
Method

The study was based on the determination of water
content by the gravimetric method. An adequate quantity
of the soil, characterized by the properties listed in Table 1,
was collected an subjected to drying in an oven at 105°C
for 24 hours. After cooling, 2000 grams of dry soil was

placed in each pot. 4 flower pots with a hole in the bottom




were used. Sensors values was recorded for dry soils in each
pots. Then, distilled water was added to the pots and it
was waited until the weight decreased to 2562 grams for
each pot, that is, the field capacity from Table 1 (% 28.1
= 562 g). Sensors values was recorded for wet soils in each
pots. For the gravimetric evaluation, the amount of water
in the range of 0-562 grams was taken as the basis, since it
was 2562 grams when 2000 grams of dry soil was at field
capacity.

The sensor values are in the range of 0-1023, since
the analog-digital conversion is 10-bit resolution. When
the wet soil weight drops to 2562 grams, the capacitive
moisture sensors were placed in the pots and analog value
measurements were made for the sensors in each pot (Table
2). Then, the soil in each pot was waited until it weighed

2000 g. This period lasted for 17 days under the conditions

Table 2. Digital values (10-bit) collecting from sensors

ZIRAAT
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of 28°C average temperature and 25 % average relative
humidity to arrive almost dry soil about 2059-2063 grams.
For the accuracy of the measurements, temperature and
humidity were selected from the most suitable and stable
values in the existing greenhouse during the period when
the experiment was carried out. Pots were weighed once a
day. The sensors were not removed during the measurement
period. Soil moisture was recorded on the memory card
for a period of 10 minutes during the system measurement
period. Thus, sensor values that coincide with the weighing
time could be obtained. After the measurement studies
were completed, the memory card was removed from the
system and the file containing the data was transferred to
the computer environment and the values corresponding
to each weighing were extracted. In all given values, empty

pot weight values are excluded from the calculation.

Sensor&Pot 1 2 3 4
Field Capacity 305 352 327 317
Dry soil 745 768 766 754

Regression analysis was performed between the weight
and sensor values obtained for each pot. Regression
equations, R-square’s and linear regression curves were
obtained. Pearson correlation analyzes were performed
between sensors measurement values and between pots

weight values.

Results and Discussion

Weighing values obtained from 4 different pots and
4 different sensor values were subjected to normality test

separately and it was understood that they did not show

Table 3. The regression equations and R* values

a normal distribution. According to the non-parametric
Kruskal-Wallis tests, there is no statistically significant
difference between the 4 different sensor values (p>0.05).
Additionally, according to the Kruskal-Wallis test, there is
no statistically significant difference between the weighing

values obtained from 4 different pots (p>0.05).

Linear, quadratic and cubic regression relations and R”s
between all of four water contents and the all of four sensor
values are given in Table 3. Anova summary of regression
analyzes are given in Table 4. Amount of water (gram) is

abbreviated as PT and sensor value as SN.

Model Regression Equation S R2(%) R?*(adj.)
Linear PT =2962 —1.130 SN 59.2849 85.6 85.4
Quadratic PT =2217 + 1.732 SN — 0.002554 SN2 45.9321 91.5 91.2
Cubic PT = 4605 — 12.44 SN + 0.02409 SN? — 0.000016 SN? 35.6026 95.0 94.7

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380
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Table 4. ANOVA summary of regression analyzes

Model DF |SS F P

Linear 1 1462952 | 416.24 0.000
Quadratic 1 100456 47.62 0.000
Cubic 1 59380 46.85 0.000

Thus, equations suitable for estimating water amount
of a soil with known field capacity with sensors have been
obtained. After the regression analysis between water
contents and sensor values R-squared values 85.6 - 95.0
have been found (Table 3). Linear quadratic and cubic

regression curves are given in Figure 3, 4 and 5 respectively.

According to the results of Pearson’s correlation analysis,
there was a very strong negative correlation (-0.925) was
found between sensor measurements and changes in

amount of waters (p<0.01).

Pot - Sensor Values (Linear Regression)

2700
2600
000
2500

2400

E
2300-
22001 15 59,2849
| [rsq 85,6% A
2007 1o Sqadi)  85.4% "‘t
2000+ L 1)
300 400 500 600 700 800
SN
Figure 3. Linear regression curve
Pot - Sensor Values (Quadratic Regression)
2600-
000 o
2500-
2400-
£ 2300-
2200
s 45,9321
| |Rsq 91,5%
2009 | Sq(adi)  91.2%
20004 w»e
300 400 500 600 700 800

SN

Figure 4. Quadratic regression curve
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Pot - Sensor Values (Cubic Regression)
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T T T T T T
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Figure 5. Cubic regression curve

Placidi et al. (2020), found correlation coefficient of
-0.945 (very high negative correlation) between gravimetric
and sensor results in their study with a similar low-cost
capacitive moisture sensor and using silica sand as the

material.

Muzdrikah et al. (2018), in their study with a similar
low-cost capacitive moisture sensor and using soil with
sandy loam structure as material, found the correlation
coeflicients between gravimetric and sensor results in the

range of -0.976 to -0.986 (very high negative correlation).

Conclusion

In this study, it is aimed to create a low-cost system
that can provide soil moisture measurement and digital
recording of measurements by using capacitive soil moisture
sensors and arduino platform. For this, a system has been
created by connecting capacitive soil moisture sensors, real
time clock (RTC), data recording unit (SD card) and LCD
screen to Arduino Mega 2650 microcontroller board. A C/
C++ programming language-based microcontroller code
was written in Arduino IDE for the system. The moisture
changes due to water loss in the analyzed soil samples
and the digital data obtained during these changes were

compared.




Since the study was at the prototype level, it was tried
in a small number of pots. It has been shown that a fairly
simple sensor and an open-source microcontroller platform
can be effective through verification with gravimetric
measurements of soil moisture. The system was able to
record data for 17 days without any problems. Such sensors
and system need to be tested for a long time in different soil

types and field conditions.

In order for low-cost and practical measurement
systems to be used commercially, future studies should
first be carried out under fully controlled conditions and
then continued under field conditions. It is expected that
the moisture requirement in the soil can be measured and
monitored with inexpensive microcontroller platforms
such as Arduino in order to use water in a more controlled
manner in agriculture. It is seen that the Arduino
platform is a practical and inexpensive platform that can
contribute to the development of systems in agricultural
moisture measurement studies and, accordingly, irrigation
automation. The system shows the potential to be used
in monitoring water use in greenhouses. With additional
changes and additions to be made; the system that can
operate in field conditions, can detect environmental
variables other than moisture and has the potential to be

used in irrigation control has been obtained.
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This review is written based on the actions that can be taken,
especially on the presence of organic matter and plant nutrients
decreasing day by day in Turkish soils. Agriculture has been a
long-standing activity in our geography, which has hosted many
civilizations throughout history. Therefore, our soils have been
becoming poor in terms of plant nutrients for thousands of years.
Previous research conducted in many parts of Turkey has shown
a deficiency of organic matter in the majority of our soils. One
of the sources of nitrogen in the soil is organic matter, and the
deficiency of organic matter triggers nitrogen deficiency as well.
When Turkey’s soils are evaluated in terms of phosphorus, it is
seen that they are supported by the use of chemical fertilizers.
On the other hand, when studies are conducted with potassium,
another macronutrient, no serious problems are encountered in
Turkish soils. In recent years, some organic materials and soil
conditioners that affect the physical and chemical structure
of soils have been applied to support these nutrients through
organic methods. Organic materials such as humic acid,
leonardite, vermicompost, and biochar are evaluated within the

scope of this review.
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Ozet

Bu derleme Ulkemiz topraklarinin 6zellikle organik
madde ve bitki besin elementlerinin varliginin her gegen
glin azaliyor olmasi {izerine yapilabilecekler tizerinden
yola ¢ikilarak yazilmistir. Tarih boyu bircok medeniyete ev
sahipligi yapan cografyamizda tarim ¢ok eski yillardan beri
yapilan bir faaliyettir. Dolayisiyla topraklarimiz binlerce
yildir bitki besin elementleri agisindan fakir hale gelmeye
baslamigtir. Daha 6nce Tiirkiye'nin bir¢ok yerinde yapilan
aragtirmalarda  topraklarimizin -~ biiyik  ¢ogunlugunda
organik madde noksanligina rastlanmaktadir. Topraktaki
azotun kaynaklarindan biri de organik maddedir. Organik
madde noksanligi beraberinde azot noksanligini da
tetiklemektedir. Yine Tiirkiye topraklari fosfor bakimindan
degerlendirildiginde ~ kimyasal ~giibre  kullanimi ile
desteklendigi ortaya ¢ikmaktadir. Bir diger makro element
olan potasyum ile yapilan caligmalarda Tiirkiye topraklarinda
ciddi noksanlik gibi bir sorun olmadig karsimiza
¢tkmamaktadir. Son yillarda bu besin elementlerini organik
yollarla destekleyebilmek adina topraklarin fiziksel ve
kimyasal yapilarina etkide bulunan bazi organik materyaller
ve toprak diizenleyiciler uygulanmaktadir. Humik asit,
leonardit, vermikompost ve biyokémiir gibi organik

materyaller bu derleme cergevesinde degerlendirilmistir.

Anahtar Kelimeler: Organik madde, humik asit,

leonardit, biyokémiir, vermikompost.

1. Introduction

The aim of this study is to investigate the effects of certain
organic materials (humic acid, leonardite, vermicompost,
and biochar) on the soil structure and nutrient content,
particularly focusing on the improvement of soil organic
matter, phosphorus, and potassium levels in Turkish soils.
The study seeks to evaluate the effectiveness of these organic
materials in addressing the issues of declining soil fertility
and to promote sustainable agricultural practices. Turkey is
located on the cradle of ancient civilizations that have hosted
many civilizations since ancient times. It is known that vital

activities have been carried out for periods equivalent to

qg—
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human history in the Anatolian geography we are in. In
this geography, which has hosted many civilizations, there
are, of course, numerous ongoing agricultural activities. It
is known that the economies of the important cultures in
Anatolia, dating back to the years before Christ such as the
Hittites, Phrygians, Urartians, and Lydians, are based on
agriculture and animal husbandry. Soil is not an unlimited
resource. Soil organic matter is decreasing day by day with
various agricultural activities, especially with the reduction
of agricultural areas and some activities aimed at getting
more product from unit areas causing serious losses in soil
organic matter. In fact, soil organic matter consists of plant
and animal residues found in the soil. Organic matter is
one of the most important parameters affecting the physical
and chemical properties of the soil. Soil organic matter
not only improves the physical properties of soils such as
good soil structure, stability of aggregates, water holding
capacity, aeration, and tilth, but also facilitates the uptake
of nutrients by plants due to its cation exchange capacity
(Giigdemir, 2006). The cation exchange capacity of organic
macter is approximately 250 me/100 g, and it absorbs plant
nutrients from the soil solution into the plant. In this way, it
contributes significantly to the nutrition and development

of the plant (Ergene, 1993).

In addition to organic matter, there are certain elements
necessary for the growth and continuation of vital functions
of the plant. The elements that are absolutely necessary for
plants to complete their growth and normal life processes,
and whose functions cannot be fulfilled by other elements,
are called “Plant Nutrients”. The absolute necessity of
nutrient elements for plants depends on the fulfillment of

the following three factors: (Karacal 2008)

1. The plant should not be able to complete its life cycle

without the element.

2. The deficiency symptom of the element should be

unique to that element.

3. The element should directly interact with plant

nutrition.




Nitrogen (N), Phosphorus (P), and Potassium (K)
are the main elements that constitute the backbone of
fertilization, and they are the elements where we encounter

deficiencies most frequently in our soils.

It is hypothesized that the organic materials evaluated
in this study, humic acid, leonardite, vermicompost, and
biochar will significantly increase the organic matter
content of Turkish soils and enhance the availability of
nitrogen, phosphorus, and potassium. Furthermore, it is
anticipated that the application of these organic materials
will positively impact soil structure, leading to improved

plant growth and development.

2. The Status of Soil Organic Matter, Nitrogen,

Phosphorus, and Potassium in Turkey’s Soils

2.1 Soil Organic Matter Status in Turkey

As briefly mentioned in the introduction, it would not
be wrong to say that the potential of organic matter in our
country’s geography is not very good. Numerous studies have
been conducted on the organic matter contents of Turkish
soils. The data presented at the workshop on organomineral
fertilizers in Turkey regarding the organic matter content
and its changes in Turkish soils are shown in Figure 2.1
(Anonymous 2018a). The results indicated that Turkish
soils generally have low organic matter content, which
poses a significant problem for sustainable agriculture. In
the study conducted by Senses et al., (2015) organic matter
analyses were performed on soil samples collected from
various provinces of the country, and regional differences
were revealed. It is observed that the mineral part of our
soils generally constitutes 96-99% of the upper part of our
soils (especially 0-30cm) , while 1-4% consists of organic

matter (Eyiipoglu, 1999).
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Figure 2.1 Distribution of Organic Matter Content in
Turkish Agricultural Soils (Anonymous 2018a)

Comprehensive studies have been conducted on
both organic matter and mineral substances in Turkish
soils under the auspices of the Soil Fertilizer and Water
Resources Central Research Institute Directorate. Within
the scope of the Turkey Soil Productivity Inventory
Project (TOVEP) conducted by the Soil Water General
Directorate, approximately 250,000 soil samples were
taken from Turkey and analyzed. According to these
analysis results, the organic matter content of our soils is
quite low. One of the main reasons for this is, as mentioned,
the agricultural activities carried out in our soils for many
years. Another reason is the errors in soil cultivation, the
lack of established crop rotation systems, stubble burning,
incorrect fertilization, human and natural environmental
errors, and phenomena resulting from these factors, among
others. These results are classified with the help of the table
provided below (Giigdemir, 2006).

Table 2.1 Soil Organic Matter Contents Categorized
According to Their Status (Gii¢demir, 2006)

Organic Matter (%)| The Status of Soil Organic Matter
<1 Very Low

1-2 Low

2-3 Moderate

3-4 Good

>4 High

>




When the data is examined collectively, it is observed
that the organic matter contents are low in regions
dominated by a warm climate and high in regions with
abundant rainfall and relatively moderate temperatures.
Although evaluated regionally according to the assessment
criteria provided in Table 2.1, a regional distribution table

of organic matter contents as shown in Table 2.2 has been

revealed.
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Accordingly, the organic matter status of Turkish soils
generally ranges between 1-2%, which can be considered
low. When examined regionally, as mentioned above,
in regions that can be considered within the warm and
arid climate zone, organic matter levels are generally low
and very low, while in places with abundant rainfall and
relatively cool climates such as the Black Sea region, they

are much higher compared to the average (Giigdemir,
2000).

Table 2.2 Regional Distribution of Organic Matter Content in Turkish Soils (Giigdemir, 2006)

Regions Soil Samples | Very Low Low Moderate Good High
Trakya and Marmara 26563 20 42.5 23.6 8.9 5
Karadeniz 36291 8.1 29.2 30.6 16.8 15.3
Orta Anadolu 76688 24.5 50.2 19.2 4.3 1.8
Giiney Dogu 25523 20.5 48 22.7 5.6 3.2
Dogu Anadolu 12023 10.7 42.2 28.1 11.8 7.2
Ege 22695 35.7 43.7 15.3 3.9 1.4
Goller 27575 26.3 40 21.9 7.9 3.9
Akdeniz 16095 13.4 40.7 27.8 10.9 7.2
Total 243453 51088 105164 55278 19467 12456
Average % 21 43.2 22.7 8 5.1

2.2 Phosphorus Status of Turkey’s Soils

Phosphorus is one of the main elements that plants
require most, along with Nitrogen and Potassium. The
sources of phosphorus in the soil are organic phosphorus
compounds and mineral rocks, which are found in both
organic and inorganic forms in the soil. The presence
of phosphorus in the soil does not mean the amount of

phosphorus available to the plant. Generally, only about 1

or 2% of the total phosphorus is found in the soil in a form

that is beneficial to the plant.

Current studies on the phosphorus status of Turkish
soils have also been conducted, and a comprehensive
study has been carried out based on 240,000 soil samples
(Eytipoglu, 1999). In order to interpret the evaluation
made according to the Olsen phosphorus analysis method,
Table 2.3 was used.

Table 2.3 Values Used to Determine Soil Phosphorus Status (Eyiipoglu, 1999)

Fosfor Status (kg P,O_ da™”) Classification
<3 Very Low

3-6 Low

6-9 Moderate
9-12 Good

>12 High
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As a result of the study conducted in accordance with
this classification criterion, it was found that 29% of
Turkish soils are poor in phosphorus. Phosphorus deficiency
is observed in 55% of Turkey overall. When evaluated

regionally, it would be correct to say that phosphorus
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levels are sufficient and high in locations where irrigable
areas are dense. In other words, phosphorus accumulation
is observed in irrigable areas (Eyiipoglu, 1999). The table

established for these data is presented in detail in Table 2.4.

Table 2.4 Regional Distribution of Phosphorus Content in Turkish Soils (Eyiipoglu, 1999)

Regions Soil Samples | Very Low Low Moderate Good High
Trakya and Marmara 26563 17 19.1 16.2 12.8 34.9
Karadeniz 36291 35.8 24.9 11.9 7.6 19.8
Orta Anadolu 76688 31.3 27.5 18.3 8.8 14.1
Giiney Dogu 25523 39.5 34.4 15.9 5.9 4.3
Dogu Anadolu 12023 36.2 27.5 15.8 8.8 11.7
Ege 22695 19.2 27.4 20.6 11.4 21.4
Goller 27575 24.2 28 19.2 12 16.6
Akdeniz 16095 14.5 24.7 21.3 13.7 25.8
Total 243453 69260 65102 41851 23505 43238
Average (%) 100 28.5 26.8 17.2 9.7 17.8

Especially in recent years, significant data have been
obtained from studies conducted in certain locations in
Turkey regarding phosphorus accumulation in irrigated
areas. In a study conducted to determine the soil properties
of the Kizilcahamam district of Ankara province, it
was found that 17.65% of the soil samples taken from
irrigated areas had low phosphorus, 23.53% had moderate
phosphorus, 23.53% had excess phosphorus, and 35.29%
had very high phosphorus levels (Isin and Aydin, 2019).
When past studies are examined, it would be correct to

say that the phosphorus content of soils in Turkey has

gradually increased over the years, according to the data.
While phosphorus deficiency was noticeable in 85-90% of
Turkish soils in a study conducted by Ulgen and Yurtsever
(1974), many analyses conducted up to the present day
have revealed an increase in phosphorus accumulation in
soils. It would not be wrong to say that there has been an
increase in phosphorus levels in our soils over the years.
Kaplan et al. (1992) noted this change in an assessment
made to observe a change over the years. The data from

their study are shown in Table 2.5.

Table 2.5 Distribution of Phosphorus Content in Turkish Soils in % (Kaplan et al., 1992)

Years Soil Sample Very Low % Low % Moderate % High% | Very High%
Until 1974 31441 44.3 30.3 11.3 7.1 6.8
Until 1984 65008 33.3 32.8 18 8.7 7.2
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The phosphorus status varies depending on the
physical conditions of the regions. For example, in a study
conducted to determine the basic productivity levels of
agricultural soils in the Middle and Eastern Black Sea
Region; it was understood that 35.71% of the soils had very
lictle phosphorus, 23.12% had little phosphorus, 10.14%
had moderate phosphorus, 5.53% had high phosphorus,
and 25.50% had very high phosphorus content.Despite the
application of phosphorus fertilizers, phosphorus deficiency
is observed due to the runoff of phosphorus fertilizers
applied to the surface of sloping lands and the depth of the
soil in hazelnut orchards (Ozyazict et al., 2016). According
to the findings of this research, one of the reasons for
phosphorus deficiency is that the applied fertilizers are not

suitable for the fertilization techniques and land structure.

2.3 Potassium Status of Turkey’s Soils

Due to Turkey’s geological structure and climatic
characteristics, it is a country rich in potassium resources.
Potassium is a nutrient element that is abundant in
soils nationwide due to our clayey soil structure and the
abundance of potassium-rich minerals such as feldspar
and mica. In general, Turkish soils are adequately rich in
potassium content. A comprehensive study conducted on
240,000 soil samples has determined the potassium values
of our soils (Ulgen and Yurtsever, 1995). Table 2.6 has been

utilized to evaluate the obtained data .

Table 2.6 Values Utilized to Determine Soil Potassium

Status (Ulgen and Yurtsever, 1995)Formun Ustii

Potassium Status (kg K O da™) | Classification
<20 Low

20-30 Moderate

30-40 Sufficient (Good)
>40 High

the

aforementioned study, the potassium content of Turkish

According to both literature reviews and
soils has been found to be quite high. The table for this

data is given in detail in Table 2.7. Accordingly, it is stated

| f  e—
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that 92% of Turkish soils have sufficient to high potassium
content, 5% have moderate levels, and 3% have insufficient
levels (Eytipoglu, 1999).

Table 2.7 Regional Distribution of Potassium Content
in Turkish Soils (Eytipoglu, 1999)

Regions Soil Low | Moderate | Good | High
Samples

Trakya and [26563 |5.6 10 122|722

Marmara

Karadeniz | 36291 |6.5 9.3 17.3 66.9

Orta 76688 0.5 1.9 2.7 94.9

Anadolu

Giiney 25523 0.5 0.5 1.3 97.7

Dogu

Dogu 12023 | 0.8 2.3 3.9 93

Anadolu

Ege 22695 | 7.6 7.4 8.7 76.3

Goller 27575 |2 3.2 4.5 90.3

Akdeniz 16095 | 4.6 10.1 12 73.3

Total 243453 7413 | 12069 17554 | 206437

Average % | 100 3 5 7.2 84.8

Except for extreme cases, we can say that Turkish soils
are quite rich in potassium based on the results obtained.
In many studies conducted on this subject, potassium levels
have been found to be quite high. In a study conducted
by Isin and Aydin (2019) in the Kizilcahamam region, the
average potassium level of the soils analyzed in the region
was found to be 230.39 kg K O da™, ranging from 109.24
to 600.15 kg K O da™. The region has very high levels of
potassium content due to both its rich mineral rocks and

its clayey soil structure. This situation is true nationwide.

3. Impact of Some Organic Materials and Soil
Amendments on the Physical and Chemical Properties
of Soils

There are numerous materials applied to soils to meet
the organic matter requirement. While some of these
can be classified as fertilizers, others are referred to as

soil conditioners. In terms of their nutrient content, the




evaluation often establishes a correlation with nitrogen,
phosphorus, and potassium. This correlation is based on
either the presence of these elements in the structure of the
added material or their ability to enhance their availability.
Generally, most of these materials contain high levels of

organic matter.

3.1 Humic Acid

Humic substances are natural materials formed in
soils, lakes, rivers, and seas, exhibiting perhaps the most
widespread distribution on Earth’s surface. Despite their
widespread occurrence, there are still unknown aspects
regarding their origins, synthesis, chemical structures, and
reactions. Research on identifying what humic substances
are, how they are formed, and how they function continues

from the past to the present.

Humic acid significantly improves soil structure and
enhances nutrient availability. Its application can improve
the cation exchange capacity of the soil, facilitating the
uptake of essential nutrients by plants. Research has shown
that humic acid contributes to the growth and productivity
of various crops by improving soil aeration, water retention,

and microbial activity (Hossain et al., 2016)

The contents of C, O,, H, N, and S in humic acids
are shown in Table 3.1 (Ok, 2007). Despite containing
numerous mineral substances, they are not considered as
fertilizers due to the lack of desired proportions. Instead,
they are primarily recognized as soil conditioners, organic

materials regulating soil properties.

Table 3.1 The Elemental Composition of Humic Acids
(%) (Ok, 2007)

Elemental Composition (%)

C 50-60
O, 30-35
H 4-6

N 2-4

S 0-2
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Through numerous studies conducted on humic acids,
it has been demonstrated that they significantly improve
soil structure. Being organic materials, they aid in the
healthy development of plant roots, confer resistance to
root diseases, and promote lateral root formation. Humic
acids facilitate the uptake of essential nutrients by plants.
Research has identified that humic acid and its derivatives
enhance the permeability of plant membranes, thereby
facilitating the absorption of nutrients by plants (Canellas
and Olivares, 2014). Due to their high cation exchange
capacity (CEC), they directly impact plant nutrition.
Additionally, they have positive effects on soil organic
matter and consequently on soil microbial activity. Several
studies have found that humic acid applications increase
the available phosphorus content in soils (Beneddetti et al.,
1996; Erdal et al., 2000). In a study conducted by Demir
and Cimrin (2011) in Van province, increasing doses
of humic acid applications were found to significantly
contribute to the soil's organic matter and available
phosphorus content. In an experimental study aimed at
determining the effects of organic soil conditioners on soil
parameters, it was found that the application of humic
acid at the highest dose increased the soil’s organic matter
content significantly. However, concerning phosphorus,
while the addition of different doses and types of humic
acid resulted in increased soil phosphorus levels compared
to soils treated solely with chemical fertilizers, this increase
was statistically insignificant. The material used potassium
humate, was found to increase the potassium content of

soils to a certain extent (Tamer et al., 2016).

3.2 Leonardite

Leonardite is a completely natural organic material that
has not reached the level of very young coal and contains high
levels of humic acids along with macro and micronutrients.
Its formation is the result of specific geological conditions
such as temperature, humidity, pressure, oxidation, and
very special geological conditions, dating back millions of
years to plant and animal residues, and is a natural material
that is rarely found in nature and whose quality varies from

region to region.

———— >



Leonardite, rich in humic substances, serves as an
excellent soil conditioner. Its application can enhance
the organic matter content of the soil, improve nutrient
availability, and mitigate issues related to soil acidity and
salinity. Incorporating leonardite into the soil can lead to
improved crop yields and healthier soil ecosystems (Engin
and Cécen, 2012).

Due to its high content of humic acids, leonardite is of

significant value. It appears black-brown and can be easily
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crumbled by hand, with a humic acid content ranging
from 50% to 80%. Its density ranges from approximately
0.75 t0 0.85 g cm™, and its pH value is between 3 and 5.
It is highly soluble in 1% KOH and NaOH solutions but
has low solubility in water. Its solution is shiny black in
color, foamy, colloidal, and oily in appearance. It readily
dissolves in saturated mud prepared with soil having a pH
value of 8-9. The table 3.2 below provides the classification

of leonardite quality. (Engin and Cocen, 2012)

Table 3.2 Leonardite Quality Classification (Engin and Cocen, 2012)

Composition Low Quality Medium Quality High Quality
Humic Acid Content 35-50 50-65 65-85
Amount of Organic Matter Min 35 Min 50 Min 65

pH 6.5+1 55¢+1 4+1

C/N 21 +1 19 +1 17 + 1
Specific Gravity (g/cm?) 1.4+0.1 1.2+0.1 0.8+0.1
Solubility in Alkaline Solution Low Medium High

Typically used as a substitute for animal manure,
it is referred to as a soil conditioner and organic matter
supplement. It is richer in organic matter compared to
animal manure and contains higher levels of humic and
fulvic acids. It does not contain nematodes or weed seeds.
It is a rare organic product that provides a solution to
problems such as soil acidity caused by excessive chemical

use, calcification, soil infertility, and salinity. It is known as

an organic soil conditioner. The most significant difference
between it and soil lies in plant nutrients. Leonardite is high
in phosphorus (P,0.,) but low in potassium (K), with high
levels of calcium carbonate content, making it a neutral
substance in terms of soil reactions (pH). Moreover, it is
rich in micronutrients that can be absorbed by plants (Fe,
Mn, Cu, Zn). The desirable characteristics that should be

present in high-quality leonardite are shown in Table 3.3.

Table 3.3 Sample Chemical Analysis Values of High-Quality Leonardite (Engin and Cécen, 2012)

C % 30.7 Humic Asid % 65-85
H % 2.4 Moisture % 15-20
N % 1.7 Total Organic Matter % 86

S % 1.5 Ca % 1.2
o % 34 Mg % 0.12
C/N 18.3 P % 0.05
Fe % 1.85 K % 0.76

H—

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380




3.3 Vermicompost

Vermicompost is a soil conditioner produced based
on the activity of earthworm species known as Lumbricus
rubellus and Eisenia foetida, which organically process
the dung of large ruminant animals and organic plant
materials (such as straw, tree bark and leaves, vegetable and
fruit residues, etc.), altering their physical and chemical
structures. The application of vermicompost effectively
provides the plant’s required nutrients in an accessible form
and enhances the uptake of these nutrients by the plant.
Additionally, various researchers have reported that the
application of vermicompost to soil can improve its physical,
chemical, and biological properties, thereby facilitating
the cultivation of high-quality and high-yield crops. In
heavy clay soils, it improves water and air permeability
and prevents soil particles from sticking together. In light
sandy soils, it helps retain water and nutrients and keeps
soil particles together.

Vermicompost, produced through the activity of
earthworms, is a valuable organic amendment that
enriches the soil with essential nutrients and beneficial
microorganisms. The application of vermicompost can
enhance soil structure, improve water retention, and
stimulate microbial activity, ultimately contributing to
increased plant growth and crop productivity (Edwards
and Arancon, 2004).

Zn‘ L h q
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this

material has virtually no adverse effects on soil structure.

Research on vermicompost indicates that
It enhances almost all physical properties of the soil,
increases water retention capacity, and regulates pH. It
rehabilitates problematic soils that have lost productivity,
and organic content, and have been continuously exposed
to chemicals. It provides plants with the trace elements
they need externally. It enhances root development in
plants and contributes to the development of vegetative
parts. Additionally, it synergistically interacts with soil
microorganisms, providing an additional contribution to

the improvement of soil structure.

In a study conducted on worm fertilizers produced
by producers in Turkey, analyses of solid worm fertilizers
produced in different regions were provided for 16 facilities,
and solid fertilizer results were obtained from accredited
laboratories. Four kilograms of solid worm fertilizer
were taken from each facility and sent to laboratories.
Laboratories kept some of the solid fertilizers as reference
samples, and the rest were analyzed for pH, EC, Total
Nitrogen-N, Phosphorus-P, Potassium-K, organic matter,
C/N ratio, and moisture content (Cikrik¢t and Okumus,
2019).

Table 3.4 pH, EC, Moisture, C/N ratio, Total NPK, and Organic Matter Values of Facilities Producing Solid Worm

Fertilizers (Cikrik¢t and Okumus, 2019)

Facilities pH EC moisture | C/N Tot. N Tot. P Tot. K Org. Humic
% ppm ppm ppm Mat.% Fulvic%
Ankara 1 7.02 323 30.39 8.42 2500 1400 9600 42.31 25.07
Ankara 2 7.21 742 15.50 9.01 2060 1390 8940 51.50 15.80
Ankara 3 8.20 298 22.60 13.90 2000 1440 8463 52.00 21.15
Balikesir 8.01 620 25.41 15.16 2100 8259 10714 63.53 53.71
Corum 7.98 510 35.10 16.12 1400 9327 9760 33.32 20.20
Denizli 1 7.23 590 48.43 18.01 380 1300 1100 26.84 21.46
Denizli 2 7.40 538 72.70 16.20 1900 1880 1600 53.10 *
[stanbul 7.12 1870 20.34 12.02 2000 5230 8903 45.29 18.51
[zmir 7.34 1899 66.21 14.46 1770 1894 7626 58.58 19.05
Konya 1 7.51 554 90.73 26.65 180 1230 5800 6.54 4.94
Konya 2 8.36 990 46.12 13.32 1500 1583 6792 52.00 20.81
Samsun 1 7.31 1941 62.13 5.092 2651 5851 14620 67.55 29.80
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Samsun 2 7.72 584 72.50 6.23 1900 8870 12374 53.20 47.62

Mugla 7.17 656 58.34 -* 2980 8300 14600 86.120 55.88

Tokat 1 7.88 1058 73.67 4.441 2175 6044 10330 60.15 24.93

Tokat 2 8.30 968 72.40 6.70 1360 4892 9873 47.72 28.90

Average 7.61 883.81 50.78 12.38 1803.5 4305.6 8818.4 49.98 27.18
3.4 Biochar 4. Conclusion

The carbon-rich byproduct produced when agricultural
residues, wood, and other biomass materials are heated
through pyrolysis in an oxygen-free environment is
commonly referred to as “biochar.” Biochar is an organic
soil conditioner that is formed by the breakdown of organic
materials under anaerobic or pyrolytic conditions (350-600
°C), resultingina porous carbon source. Fine-grained carbon
and mineral-rich products obtained after the gasification
of organic matter with minimal oxygen are referred to as
biochar. (Kwaku et al., 2023) Biochar can be made from
any biomass, including wood, manure, food waste, organic
by-products, bioenergy products, crop residues, or other
organic materials. The nutritional qualities, absorption
capacity, cation exchange capacity, and degradation period
of biochar can vary depending on the raw material quality,
pyrolysis process, and management type. Numerous
studies have been conducted on biochar, and research is
ongoing. Some studies mention its benefits, some report
no effect, and others highlight negative aspects. Essentially,
the excessively porous structure of biochar hosts numerous
microorganisms, bacteria, and various soil organisms,
making it permeable and airy. Additionally, it positively
influences soil physical properties such as soil acration and
water retention capacity. As soil microorganism activity
increases, significant organic matter is contributed to the

soil, and nutrients become more easily retained by the soil.

According to Lehmann and Joseph (2015) biochar,
produced from the pyrolysis of organic materials, enhances
soil fertility by increasing the soil’s carbon content and
improving its physical properties. The addition of biochar
to the soil can lead to enhanced nutrient retention,
improved soil aeration, and increased microbial activity.
Furthermore, biochar contributes to long-term soil health

and sustainability by sequestering carbon.

—
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All research results indicate that the applications
of humic acid, leonardite, vermicompost, and biochar
improve the physical structures of soils, increase organic
matter content, and to some extent, elevate Nitrogen,
Phosphorus, and Potassium contents. However, for these
organic materials to serve as alternatives to chemical
fertilizers, they need to be enriched, especially in terms
of Nitrogen, Phosphorus, and Potassium. Studies have
shown that these materials are beneficial but insufficient
in terms of plant nutrition. Since each material may have
different compositions, achieving standardization seems
challenging. There is a need for studies to enrich these
materials as organomineral fertilizers to become alternatives
to chemical fertilizers. BUGEM’s registration processes
need to be reviewed to establish standards for the desired
parameters. Each organic material consists of different
organic compounds, and their structures are homogeneous
within themselves. For example, vermicompost may vary
in content depending on the worm species, their diet,
and even the environment. Therefore, it is not possible to
determine which of these materials contributes more to
the Nitrogen, Phosphorus, and Potassium contents in the
soil. However, it would not be incorrect to say that each
contributes to certain amounts. Recommendations on this

subject can be listed as follows.
1-Promotion of Organic Materials Use:

It is essential to encourage the use of organic materials
such as humic acid, leonardite, vermicompost, and
biochar among farmers to improve soil health and increase
agricultural productivity. The effective application of these
materials, considering appropriate dosages and timing, can
enhance the nutrient content of the soil (Demir ve Cimrin,
2011).




2-Selection of Organic Materials Suitable for Local

Conditions:

The effectiveness of organic materials can vary depending
on the soil structure, climatic conditions, and crop types.
Therefore, farmers and agricultural specialists should select
and apply organic materials that are appropriate for local
soil and climate conditions. For instance, humic acid and
leonardite may be particularly effective in more acidic soils,
while vermicompost may be better suited for sandy and
clay soils (Erdal et al., 2000).

3-Integrated Use with Chemical Fertilizers:

Organic materials may not provide sufficient nutrients
on their own. Therefore, they should be integrated with
chemical fertilizers as needed to address deficiencies in
nitrogen, phosphorus, and potassium. However, care
should be taken to avoid excessive use of chemical fertilizers

(Kaplan and et al., 1991).

4-Development of DPolicies for Sustainable

Agricultural Practices:

Agricultural authorities should establish support
programs that promote the use of organic materials. This
will encourage the adoption of sustainable agricultural
practices and contribute to the long-term health of the soil
(Tamer et al., 2016).

5-Education and Awareness Programs:

Farmers and agricultural sector workers should be
educated about the benefits, proper application methods,
and long-term effects of organic materials. Such educational
programs will facilitate the more effective and widespread

use of organic materials (Cikrik¢t and Okumus, 2019).
6-Establishment of Standards and Quality Control:

The effectiveness of organic materials can vary based
on their composition. Therefore, quality standards should
be established for the production and sale of organic
materials, and strict quality control procedures should be
implemented (Engin and Cécen, 2012). This will ensure

that users have access to reliable and effective products.
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In vitro Responses of the Lotus corniculatus cv. ‘AC

Langille’ to NaCl-induced Salt Stress

Lotus corniculatus cv. ‘AC Langille’nin NaCl indiiklii Tuz Stresine Kars1 In vitro Tepkisi

Abstract

Sorumlu Yazar

Ramazan BEYAZ

also used as a forage plant worldwide due to its high nutritional ~ ramazanbeyaz@gmail.com

Lotus corniculatus L. is a legume plant that has a very

important economic value for ecology and agriculture and is

value. The tolerance of L. corniculatus to salt stress is lower than 0000-0003-4588-579X
of other Lotus species (such as Lotus tenuis). Since breeding
studies focused on high nutritional value and feed efficiency
while developing new commercial varieties, tolerance to limiting
environmental factors such as salt stress remained low in these
varieties. However, studies on determining the tolerance of
these commercial varieties to salt stress have been limited to
date. This study was conducted under iz vitro conditions with 4
replications, according to a completely randomized trial design,
in order to examine the effect of different salt stress levels on
germination and initial seedling growth period in ‘AC Langille’,
a commercial variety of L. corniculatus. For this purpose, the
seeds of L. corniculatus were planted in Murashige and Skoog/
Gamborg (MG) medium containing NaCl at three different
concentrations (0, 40, and 80 mM). Germination and growth
parameters were calculated. According to the research results,
it was determined that the applied NaCl concentrations had
a statistically significant effect on germination (except mean
germination time) and growth parameters, and negatively

affected both germination (except mean germination time) and 5 4 tilme Tarihi : 05 Haziran 2024

growth. It has been observed that salt stress affects the root more ~ Kabul Tarihi : 07 Ekim 2024

; ZIRAAT MUHENDISLIGI | Yil: 2024 | Say:: 380 =®



negatively than the shoot. It was observed that 80 mM
NaCl concentration reduced the seedling vigor index by
41.27%.

Keywords: Lotus corniculatus L., salt stress, in vitro,

germination, initial seedling growth

(")zet

Lotus corniculatus L. ekoloji ve tarim i¢in oldukea
onemli ekonomik degeri olan, diinya genelinde yiiksek besin
degeri nedeniyle yem bitkisi olarakta kullanilan bir baklagil
bitkisidir. L. corniculatusun tuz stresine olan toleransi
diger Lotus tiirlerine gore (Lotus tenuis gibi) diistikeiir. Islah
calismalarinda yeni ticari gesitler gelistirilirken yiiksek besin
degeri ve yem verimine odaklanildig i¢in bu ¢esitlerde tuz
stresi gibi sinirlayici cevresel fakedrlere karst tolerans diisiik
kalmigtir. Bununla birlikte, gliniimiize kadar tretilen bu
ticari cesitlerin tuz stresine karsi toleransinin belirlenmesi
calismalart sinirli kalmistir. Bu calisma farkli tuz stresi
seviyelerinin L. corniculatusun bir ticari ¢esidi olan ‘AC
Langille’de ¢cimlenme ve erken fide gelisim dénemi tizerine
olan etkisini incelemek amaciyla tamamen tesadiifii
deneme desenine gore 4 tekerriirlii olarak 7z vitro sartlarda
yurtttilmustir. Bu amagla L. corniculatusun tohumlar
ti¢ farkli konsantrasyonda (0, 40 ve 80 mM) NaCl iceren
Murashige ve Skoog/Gamborg (MG) ortamina ekilmistir.
Cimlenme ve biiylime parametreleri hesaplanmugtir.
NaCl

konsantrasyonlarinin istatistiki agidan ¢imlenme (ortalama

Aragtirma  sonuglarina  gdre,  uygulanan
cimlenme siiresi hari¢) ve biiylime parametreleri {izerine
onemli derecede etkisinin oldugu, ve hem ¢imlenmeyi
(ortalama ¢imlenme siiresi hari¢) hemde biiyiimeyi olumsuz
etkiledigi tespit edilmistir. Tuz stresinin kokii siirgiine gore
daha fazla olumsuz etkiledigi gozlemlenmisti. 80 mM
NaCl konsantarasyonun fide canlilik indeksini %41.27

oraninda azaltu@ goriilmiistiir.

Anahtar Kelimeler: Lotus corniculatus L., tuz stresi, in

vitro, ¢imlenme, erken fide gelisimi

Introduction

Today, approximately one billion hectares of land area

worldwideareaffected by salt; thisaccountsforapproximately

—
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7% of the Earth’s total land surface (Hopmans et al.,
2021). While the majority of salt-affected irrigated lands
can be attributed to natural geochemical processes, around
30% of such lands worldwide are damaged by secondary
salinization caused by human activities (Hopmans et
al., 2021). Exposure to salinity stress can induce several
forms of stress in plants, including ionic, oxidative, and
osmotic stress, besides disrupting hormonal balance (Sdri
et al., 2023). Soil with water-soluble salts over 4 dS m™'
(- 40 mM) is classified as saline (Shokat and Grof3kinsky
2019). The essential phase for crop plants’ susceptibility to
salinity often occurs during the stages of germination and
initial seedling growth. The temporal relationship between
seed germination and seedling emergence in plants has a
significant impact on their level of tolerance. Therefore,
the species or cultivars that exhibit rapid germination or
emergence acquire advantages in terms of their tolerance
to NaCl (Beyaz et al., 2011). The impact of this particular
stressor on agricultural output was examined across various
levels, commencing with in vitro experimentation with
plant tissue culture, followed by hydroponics, pots, and
ultimately field conditions (Sdri et al., 2023).

Tissue culture has been identified as a highly effective
approach for investigating the responses of plants to
stressful conditions (Dogan, 2020). In plant tissue culture,
the manipulation of factors such as light, temperature,
humidity, nutrient composition, and quantity can be
precisely regulated. Consequently, any impact on plant
growth resulting from the application of stress factors solely
within the culture medium can be readily, expeditiously,

cost-effectively, and dependably detected.

Lotus corniculatus L. (allotetraploid) is recognized for its
significant value as animal feed (Biiyiikyildiz et al., 2023).
It exhibits promising potential for replacing white clover
and alfalfa in temperate regions worldwide (Diaz et al.,
2005; Hunt et al., 2015; Savic et al., 2019). Furthermore,
research has indicated that its utilization as a forage can lead
to enhanced dairy production in comparison to alternative
forage options (Diaz et al., 2005; Hunt et al., 2015; Savic et
al., 2019). This particular species belongs to the outbreeding
Lotus types that are extensively utilized for commercial

purposes due to their ability to produce abundant above-




ground biomass with excellent nutritional content (Sanchez
et al., 2011; Savic et al., 2019). Nevertheless, due to the
advantageous selection of these traits, this particular forage
crop demonstrates a lower capacity to tolerate salinity
(Sanchez et al., 2011; Bao et al., 2014; Savic et al., 2019).

Since the breeding studies of commercially bred Lotus
cultivars focus mostly on yield and productivity, their
tolerance to other abiotic stress factors, especially salinity,
is very low (Escaray et al., 2014; Escaray et al., 2019).
Although the responses to salinity in some commercially
bred lotus cultivars have been investigated in studies at the
physiological, biochemical, and molecular levels (Antonelli
et al., 2021; Azarafshan and Abbaspour, 2014; Bao et al.,
2014; Teakle et al., 2006; Teakle et al., 2007; Uchiya et
al., 2016), studies on determining the responses in the
germination and early seedling development period, which
are the most sensitive stages in tolerance to salinity, as in all
plants, have remained quite limited. So far, only Biyiikyildiz
et al. (2023) examined the responses of Lotus corniculatus
L. var. ‘Sartyildiz’ to salinity during the germination and
initial seedling growth period under in vivo conditions.
However, it is well known that the responses of plants to
salt stress may vary depending on plant species, and that
even different varieties/cultivars within the same species
show very different responses. In addition, Beyaz et al.
(2011) reported that the responses of two different sainfoin
species to the same doses of salt stress may differ even under
in vivo and in vitro conditions. Therefore, this study was
carried out to determine the responses of Lotus corniculatus
L. cultivar ‘AC Langille’, which was bred for commercial
purposes, to different salinity levels during germination
and early seedling development periods under in wvitro

conditions.

Materials and Methods

Plant Material

The plant material used in this study consisted of the
seeds of the Lotus corniculatus L. cultivar ‘AC Langille’,
which were gathered in 2012 and provided by the Plants,

Soils and Climate Department at Utah State University.
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The entity known as ‘AC Langille’ was established by the
Nappan Research Farm, which is a part of Agriculture and
Agri-Food Canada. It was generated using two cycles of
mass selection for winter hardiness and one cycle of mass
selection for seedling vigor. The original material consisted
of six distinct germplasms selected from the cultivar ‘Leo’
and provided by the Crop Science Department of the
University of Guelph (Papadopoulos et al., 1998).

Plant Tissue Culture and Salt Treatments

The basal growth media used was the standard
Murashige and Skoog/Gamborg medium obtained from
Plant Media, USA. It consisted of 3% sucrose from Research
Product International, USA, and 0.7% agar from Plant
Media, USA. Prior to subjecting to autoclaving, the sample
should be exposed to a temperature of 121 degrees Celsius
and a pressure of 7.25 pounds per square inch absolute
for a duration of 20 min. The acidity level of the medium
was modified to a pH of 5.7. The seeds of L. corniculatus
were subjected to surface sterilization using a 50% solution
of commercial bleach (Clorox-USA) containing 8.25%
sodium hypochlorite. Additionally, one drop of Tween-20
(Acros Organics) was added to the solution. The sterilization
process lasted for 20 min, after which the seeds were rinsed
three times with distilled water. The seeds were planted on
a layer of material that was 2.5 cm thick in magenta boxes
measuring 7.62 cm in length, 7.62 ¢cm in width, and 10.16
cm in height. These boxes were obtained from BioWorld, a
company based in the USA. Seeds were planted on a basic
medium with varying amounts of NaCl (0-control-, 40,
and 80 mM) added. The seeds were germinated and the
seedlings were grown at a temperature of 25+1 °C. White
fluorescent lamps were used to provide light at an intensity
of 30 pmol m? s' (PAR) for 16 h, followed by 8 h of

darkness.
Germination assay and Morphological Observations

Germination assays and morphological observations
were made considering Beyaz (2023). Once the radicle
reached a length of 2 mm, the seed was said to have
germinated. Commencing on the 9* day, the frequency of

germinations was recorded at 24 h intervals (ISTA, 2003).

i



The mean germination time (MGT) was determined using
the method described by Ellis and Roberts (1980). The
formula (XDn/YD -Eq. 1-) MGT is defined as the sum
of the number of freshly germinated seeds on each day D,
divided by the sum of the total number of days since the
start of the experiment. The germination rate of seeds under
salt stress conditions was determined using the following

equation:

(GP) = (Number of
germinating seeds/Total number of seeds) x 100 (Al-Enezi
etal., 2012) (Eq. 2)

Germination  percentage

Measurements were taken on the seedlings that grew 14
days after the experiment began, including observations of
shoot and root length (in centimeters) as well as fresh and
dry weight (in grams). The dry weights of the samples were
determined by drying them in an oven (VWR Scientific
Inc., USA) at a temperature of 70°C for a duration of 48 h
(Beyaz et al., 2011). The formulas used to compute water
content (WC), dry matter (%) (DM), and vigor index (VI)

are as follows:

Water content (WC) = (fresh weight - dry weight)/
fresh weight x100 (Zheng et al., 2008) (Eq. 3)

Dry matter (DM) = (dry weight/fresh weight) x 100
(Bres et al., 2022) (Eq. 4)

Seedling Vigor index (SVI) = (average root length +
average hypocotyl length) x germination percentage (GP)
(Abdul-Baki & Anderson, 1973) (Eq. 5)

The germination rate index (speed of germination) was
calculated using the formula GRI = X No of Germinated
Seeds/ X No of Days according to Maguire (1962). (Eq. 6)

Statistical Data Analysis

The experiment was conducted using a completely
randomized block design, with four replications. The
gathered data were analyzed using a one-way Analysis of
Variance (ANOVA) in the statistical software package SPSS
22. The statistical significance of the means was evaluated
using the Duncan Multiple Range Test (DMRT) at a
significance threshold of P < 0.05. Prior to doing statistical

analysis, the data expressed as percentages underwent an

_—
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Arcsine transformation, as recommended by Snedecor and

Cochran (1967).

Results and Discussion

In this study, the effect of different NaCl concentrations
on germination and morphological changes in 14-day-old
initial seedlings (Figure 1) of Lotus corniculatus L. cultivar
‘AC Langille was examined under in vitro conditions.
The impact of increasing NaCl concentrations on the
germination percentage (GP), mean germination time
(MGT), and germination rate index (GRI) were presented
in Figure 2A-2B-2C. It was observed that there existed
a statistically significant (P<0.01) disparity in GP and
GRI across different NaCl concentrations. On the other
hand, there was no statistical difference between NaCl
concentrations in terms of MGT. Due to increasing NaCl
concentrations, GP and GRI decreased. This decrease
was calculated as 50% for GP and 66.21% for GRI,
respectively, when comparing the control with the highest
NaCl concentration (80 mM). However, due to increasing
NaCl concentrations, there was a negligible decrease in
MGT. This decrease was recorded as 0.14% (Figure 2B).
Seed germination is often negatively affected in many plants
due to the osmotic effect, ion toxicity, and oxidative stress
caused by high doses of NaCl. Biiyiikyildiz et al. (2023)
reported that increased NaCl concentrations (200 ppm to
10000 ppm) negatively affected (P<0.01) germination rate
and germination index of L. corniculatus variety 'Sariyildiz’.
Teakle et al. (2010) stated that increased NaCl-induced
salinity negatively effected seed germination of commercial
cultivars and accessions of L. fenuis. The fact that the
averages of the groups are not statistically significant at
increasing NaCl concentrations in terms of MGT means
that the NaCl concentrations applied in the research are
not at a level that would affect the germination period of L.
corniculatus cv. 'AC Langille'. The application of salt stress
frequently resulted in a higher mean germination time
in comparison to the control group. However, it should
be noted that the increase in salt concentration did not
consistently lead to a proportional increase in the mean
germination time (Biiyiikyildiz et al., 2023). Parallel with
these results, Beyaz and Kazankaya (2024) reported that GP
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and GRl in L. corniculatus cultivar ‘Leo’ decreased under 40

and 80 mM NaCl treatments. Cokkizgin (2012) noted that
all the examined parameters such as germination index (GI),
coeflicient of velocity of germination (CVG), germination
percentage (GP), and seed vigor index (SVI) decreased

with increasing osmotic potential of NaCl (0.3 mPa to

1.5 MPa NaCl) concentration, except MGT in Phaseolus
vulgaris L. Increased NaCl-induced salinity decreased the

Figure 1. The morphology of L. corniculatus cv. 'AC

seed germination of many other legume plants were found

with the findings of various researchers (Beyaz et al., 2018; Langille’ seedlings after NaCl-induced salt stress

Bhattarai et al., 2020). The process of seed germination is treatments (after 14 days of germination)

a complex developmental phenomenon that is impacted Germination Percentage Sy of One-way ANOVA

by a combination of intrinsic and extrinsic variables. The e 733

influence of salinity stress on seed germination can be 60
B

linked to the delayed uptake of water and a reduction in Sl e

the activity of o-amylase, an enzyme responsible for the

breakdown of starch (Atta et al., 2023). 10 f
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root fresh weight (RWF), shoot dry weight (SDW), root
dry weight (RDW), shoot dry matter (SDM), root dry
matter (RDM), root to shoot dry matter (R/S DM), shoot
water content (SWC), root water content (RWC), and
seedling vigor index (SVI) parameters were examined to
determine the effects of different NaCl concentrations on
initial seedling growth. The effects of NaCl concentrations
on SL, RL, and R/S were given in Figure 2D-2E. It was
determined that there was a statistical difference between
NaCl concentrations in terms of these parameters
(P<0.01). According to the findings, a decrease in SL and
an increase in RL and R/S were detected due to increasing
NaCl concentrations. When the control and 80 mM
NaCl concentrations were compared, the decrease in SL
was found to be 35.58%, and the increases in RL and
R/S were 44.71% and 125.33%, respectively. The shoot
and root length are the most essential characteristics for
salinity because roots are in direct contact with soil and
receive water from soil and shoots supply it to the rest of
the plant. For this reason, root length and shoot length
provide a crucial indication of the response of plants to salt
stress (Aydingakir et al., 2015). From the research findings,
different scenarios can be put forward to understand the
mechanism underlying the decrease in shoot length and
increase in root length in L. corniculatus cv. ‘AC Langille’
seedlings due to increasing NaCl concentrations. i) Perhaps
the increase in root length requires increased surface
for uptake of water and other macro/micro (including
Na and Cl) elements. ii) Perhaps removal of toxic ions
from the root system. iii) Perhaps activation of another
adaptation mechanism. However, more detailed studies
such as physiological, biochemical, and molecular analyzes
are needed to elucidate this mechanism. Antonelli et al.
(2021) reported that the root to shoot ratio of different L.
corniculatus cultivars increased depending on the increasing
salt level at greenhouse conditions. In addition, Beyaz and
Kazankaya (2024) stated that found that while SL decreased,
RL and R/S ratio increased in L. corniculatus cultivar ‘Leo’
under 40 and 80 mM NaCl treatments. On the other hand,
several studies exploring the effects of salt stress on the L.
corniculatus also demonstrate that salt stress has a negative
influence on shoot, root, and seedling growth (Azarafshan
and Abbaspour, 2014; Biiyiikyildiz et al., 2023; Galloway et
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al., 2010; Teakle et al., 2006). The combination of osmotic
and drought stress, resulting from salt accumulation in
plants, leads to a reduction in water uptake by plant tissues.
Consequently, there is a reduction in cellular growth and
development. Hence, the suppression of water absorption
and its consequential impact on cellular growth and
development represents a significant factor contributing to

the reduction in shoot and root growth (Emek, 2018).

Different NaCl concentrations significantly affected
the SDM, RDM, and R/S DM of L. corniculatus seedlings
(Figure 2H-2I). Due to increasing NaCl concentrations,
SDM decreased and RDM increased. The highest SDM
(10.67%) was obtained in control, while the lowest SDM
(8.15%) was measured under 80 mM NaCl treatment. On
the other hand, the highest RDM (6.15%) was obtained in
80 mM NaCl treatment, whereas the lowest RDM (4.16%)
was measured under control treatment. However, the
maximum value of R/S DM (0.74%) was recorded for the
80 mM NaCl concentration, whereas the minimum value
of R/S DM (0.38%) was observed in control. Therefore,
research findings have shown that, depending on increasing
NaCl concentrations, SDM decreases, and on the contrary,
RDM and R/S DM increase. When the control and 80 mM
NaCl concentrations were compared, there was a decrease
0f 23.61% in SDM and an increase of 47.83% and 94.73%
in RDM and R/S DM, respectively. This can perhaps be
interpreted as the root organ being less affected by the
applied concentrations of NaCl than the shoot. Similar to
these findings, Beyaz and Kazankaya (2024) found that
RDM and R/S DM parameters increased in 40 and 80 mM
NaCl treatments in another commercial Lozus variety, ‘Leo’,
and contrary to our findings, SDM also increased in 40
and 80 mM NaCl treatments. In the light of these data, it
can be speculated that cv. ‘Leo’ is less negatively affected by
the possible negative effects of salt in terms of RDM, R/S
DM, and SDM parameters that cv. ‘Langille’. On the other
hand, several studies have been conducted to examine the
impact of salt stress on the L. corniculatus plant, and these
studies consistently demonstrate that salt stress adversely
affects the dry matter of both shoots and roots (Teakle et
al., 2006; Antonelli et al., 2021).

SWC and RWC of L. corniculatus seedlings were

g



significantly  (P<0.05) impacted by different NaCl
concentrations (Figure 2J). While the maximum SWC
(91.84%) was recorded at 80 mM NaCl concentration, the
lowest SWC (89.32%) was recorded in the control. On the
contrary, while the maximum RWC (95.83%) was recorded
at control, the lowest RWC (93.84%) was recorded in 80
mM NaCl concentration. Therefore, the research results
showed that with increasing NaCl concentrations, there
was an increase in water content in the shoot and a decrease
in the root. When comparing the control group with the
highest salt level applied, 80 mM NaCl concentration,
this increase was 2.82% for SWC, and on the other hand,
this decrease was 2.07% for RWC. The root-water-uptake
(RWU) of plants is constrained by salinity stress, which also
affects plant growth (Wang et al., 2012). Therefore, it can
be speculated that this decrease in water in the root is due
to the osmotic potential created by the salt. Similarly, Beyaz
and Kazankaya (2024) reported that SWC decreased at 40
and 80 mM NaCl concentrations, while RWC increased
in L. corniculatus cultivar ‘Leo’. However, Wouyou et al.
(2019) stated that NaCl-induced salt stress causes a slight
increase in shoot water content of Amaranthus cruentus L.
cultivar seedlings at 30 mM NaCl and no effect at 90 mM
NaCl.

The effect of different NaCl concentrations on SVI
in L. corniculatus is seen in Figure 2K. SVI values of L.
corniculatus against the applied NaCl concentrations varied
between 308.64 and 525.60, and SVI decreased as a result
of the increased NaCl concentrations and this decrease was
found to be statistically significant (P<0.01). There was a
41.27% decrease in SVI at 80 mM NaCl concentration.
Since this decrease is based on the seed germination
percentage and seedling development (shoot and root
length) of the vigor index, it can be said that the negative
effect of salt on these parameters is observed. In general, it
has been reported in the literature (Biiyiikyildiz et al., 2023;
Cokkizgin, 2012; Dehnavi et al., 2020; Khajeh-Hosseini et
al., 2003) that the seedling vigor index decreased in other
crops due to increased salinity levels, similar to the results
of this study. Parallel to these results, Beyaz and Kazankaya
(2024) reported that SVI for L. corniculatus cultivar ‘Leo’

decreased at 80 mM NaCl concentration.
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Opverall, the data obtained showed that germination
and initial seedling growth parameters of L. corniculatus cv.
‘AC Langille’ responded differently under salt stress. NaCl
concentrations applied in the study had a significant effect
on germination parameters (except MGT). While GP and
GRI decreased due to increasing NaCl concentrations,
there was no change in MGT values. However, the NaCl
concentrations applied in the study significantly affected
all measured growth parameters statistically. Depending on
increasing NaCl concentrations, an increase in root growth
and development parameters (RL, R/S, RFW, RDW,
RDM, and R/S DM) was observed. However, a decrease in
root growth and development parameters (SL, SFW, SDW,
SDM) and SVI was observed. In addition, RWC decreased

while SWC increased with increasing NaCl concentrations.

Conclusion

As a result of the research, it was seen that the NaCl-
induced salt stress levels (40 and 80 mM NaCl) applied
in the research retarded the germination of commercial
L. corniculatus cv. ‘AC Langille’; however, it encouraged
root development and inhibited shoot development, and
SVI decreased significantly. Commercial Lotus corniculatus
cultivar(s) with high forage yield and seedling vigor are said
to have low tolerance to abiotic stress factors, including salt.
Therefore, in future L. corniculatus breeding studies, it is
important to increase not only agronomic characters such
as high forage yield and seedling vigor, but also tolerance to
abiotic stress factors such as salinity. Otherwise, agricultural
benefit from this plant will be limited in marginal

agricultural areas with salinity.
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Abstract

Sorumlu Yazar
Meliha ER (;ON With globalisation, consumer food preferences are shifting
ermelihaa@gmail.com from home-cooked meals to ready-to-eat foods, leading to various
0009-0007-6106-0428 health issues, including obesity. This study aims to examine the
attitudes of young adults living in the United Kingdom towards
Yazar fast food products (particularly a prominent international fast
Richard BENNETT food chain) and their views on the health effects of these foods.
r.m.benn readin k Although manystudies have been conducted on fast food products,

.m.bennett@reading.ac.u g y p

0000-0003-3226-8370 relatively few have specifically focused on an international fast

food chain. Additionally, there is a lack of sufficient research in
the literature regarding fast food-related waste. This research will
also explore young adults attitudes towards food waste resulting
from fast food consumption. An online survey was conducted
with a total of 104 young adult participants, aged 18 to 36, who
met the study criteria and were selected using a ‘convenience
sampling’ method. The study revealed that an international
fast food chain is the most preferred fast food restaurant brand
among young adults compared to other fast food restaurants.
While the majority of young adult participants believe that fast
food has harmful effects on health, they still prefer these foods
for reasons such as fast service, affordability, and widespread
availabilicy. When investigating food waste, more than half of
the male and female participants indicated that they take home

Génderilme Tarihi - 05 Haziran 2024 food they could not finish at restaurants and consume it later.

Kabul Tarihi : 07 Aralik 2024 Although many alternatives are available for managing food
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waste, some participants expressed the belief that such food

should be thrown away.

Keywords: Fast food, Globalization, United Kingdom,

Food waste, Health issues

Ozet

Kiiresellesmeyle birlikte tiiketicilerin gida tercihleri ev
yapimu yemeklerden hazir gidalara dogru kaymakta ve bu
durum obezite gibi ¢esitli saglik sorunlarini beraberinde
getirmekeedir. Bu ¢alisma, Birlesik Krallik’ta yasayan geng
yetiskinlerin fast food iiriinlerine (6zellikle taninmis bir
uluslararasi fast food zinciri) yonelik tutumlarint ve bu
gidalarin saglik Gzerindeki etkilerine iligkin goriislerini
incelemeyiamaglamaktadir. Fast food tiriinleri tizerine bir¢ok
calisma yapilmis olmasina ragmen, zellikle bu uluslararas
fast food zinciri tirtinleri {izerine nispeten az sayida calisma
bulunmaktadir. Ayrica, fast food kaynakli auklarla ilgili
literatiirde yeterli aragtirma bulunmamakrtadir. Bu arastirma,
geng yetiskinlerin fast food titketiminden kaynaklanan gida
israfina yonelik tutumlarini da inceleyecektir. Caligma
kriterlerini kargilayan ve kolayda orneklemer yontemiyle
segilen, yaslar1 18 ile 36 arasinda degisen toplam 104 geng
yetigkin katilimcryla ¢evrimici bir anket gereklestirilmistir.
Arastirma, bu uluslararasi fast food zincirinin diger fast
food restoranlarina kiyasla geng yetiskinler arasinda en ¢ok
tercih edilen fast food restoran markast oldugunu ortaya
koymustur. Geng yetiskin katulimcilarin ¢ogunlugu fast
food’un sagliga zararli etkileri oldugunu diisiinse de, hizl
servis, uygun fiyat ve yaygin erisilebilirlik gibi nedenlerle bu
yiyecekleri tercih etmektedirler. Gida israfini arasturirken,
erkek ve kadin katilimcilarin yarisindan fazlasi restoranlarda
bitiremedikleri yiyecekleri evlerine gotiirdiiklerini ve daha
sonra tiikettiklerini belirtmistir. Gida atiklarinin yonetimi
icin bircok alternatif mevcut olmasina ragmen, baz
kaulimeilar bu tiir yiyeceklerin ¢ope atlmast gerektigine

inandiklarini ifade etmislerdir.

Anahtar Kelimeler: Fast food, Kiiresellesme, Birlesik
Krallik, Gida israfi, Saglik sorunlart

Introduction

In research, fast food is defined as satisfying foods
that have high sugar and calorie content, low nutritional

value, can be prepared in a short time, and are offered
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to consumers at low prices (Morse and Driskell, 2009;
Tayfun and Tokmak, 2007). According to Dunn et al.
(2008), fast foods such as hamburgers, french fries and
pizza give individuals a feeling of satiety because their fat
and sugar content is high and their nutritional value is low.
In many developed countries, people’s eating habits have
moved away from home-made foods due to the change in
family structure, the female population taking a greater
role in business life, the increase in family income and the
prolongation of working hours (Nielsen and Popkin, 2003;
Whitton et al., 2014). Changes in the lives of individuals
have caused a shortening of the time devoted to cooking at
home, in response to this the food industry has developed

ready-made food products (Jekanowski, 1999).

According to a study conducted by Untaru and Ispas in
2013, young people tend to prefer fast food due to various
reasons such as the quick service, affordable prices, the
widespread availability of fast food restaurants, the ability to
socialize in these restaurants, and the convenience of home
delivery and takeaway options. In a study conducted by
Bayhan et al. (2015) at Pamukkale University, the reasons
why students prefer fast food restaurants were listed as
delicious and fresh food, cleanliness of the restaurant, and
fast service. Fast food products consumed by individuals of
all ages can lead to serious health problems, especially in
young consumers, such as obesity (Stevenson et al., 2007).
Research has shown that the number of obese individuals is
increasing worldwide, particularly in the United Kingdom
and the United States, where the incidence of obesity has
doubled (Stevenson et al., 2007). After analysing the studies
in the literature, it has been revealed that young people and
children residing in England have a high consumption
rate of fast food, despite being aware of the health issues
associated with it (Wills et al., 2009).

When we look at consumers’ food preferences in recent
years, fast food has replaced home cooking in the UK, as
in other countries. Fast food consumption plays a big role
in the UK, with people getting around 10% of their daily
energy from fast food (Remnant and Adams, 2015; Nielsen
et al., 2002). Compared to other European countries,
England is at the forefront of fast food consumption and

there has been an increase of around 35% in the sales of fast

g



food products in the last decade (Schlosser, 2002; Maguire,
Burgoine and Monsivais, 2015).

When examining studies on food, the issue of food
waste emerges as a significant problem. Approximately one-
third of the food produced worldwide ends up as waste. If
this situation continues, it will not be possible to meet the
food demands of the world population, which is estimated
to reach nine billion by 2050 (Godfray et al., 20105 Parfitt
et al., 2010). Studies have shown that when food doesn’t
meet the consumer’s expectations in terms of colour, shape,
or taste, it often goes unconsumed and is wasted (Rohm et
al., 2017). Marais et al. (2017) stated that when consumers
do not like the taste of food, they tend to leave food on
their plates, which causes food waste. A lot of research has
been done to prevent food waste. As a result of the research,
methods such as varying portion sizes in restaurants and
labelling menus have been suggested to reduce food waste

(Betz et al., 2015; Filimonau et al., 2020).

Research Hypotheses:

Young adults prefer this international fast food chain

due to factors such as affordability and fast service.

This international fast food chain is the most preferred
fast-food brand among young adults due to its extensive

availability and widespread presence.

Food waste in fast food restaurants is of low concern

among young adults.

Material and Method

The study presented here examines the attitudes of
the young population living in the UK towards fast food
and this international fast food chain and the factors
influencing them when choosing fast food. The research
was carried out using an online platform (Qualtrics) in
July 2022, and a survey was conducted with participants
aged between 18 and 36 who have internet access, can use
a computer or phone, are not visually impaired, and speak

English. A total of 116 people participated in the survey

33—
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study, but after the elimination of 12 participants who
did not meet the survey criteria, analyses were undertaken
with the data of 104 participants in total. To enhance the
reliability of the survey, a validation process was conducted.
A preliminary focus group of five individuals, comprising
two master’s students and three doctoral candidates, was
held via Zoom. Feedback from this group was used to refine
the survey questions, ensuring clarity and relevance. The
survey was subsequently reviewed by two additional experts
in the field, who provided insights on the clarity, accuracy,
and cultural appropriateness of the questions. This process
aimed to minimize potential biases and improve the validity
of the responses collected. The questionnaire was created
within the Qualtrics platform, and then a link was sent to
participants. Participants were selected using a convenience
sampling method. This sampling approach was chosen to
facilitate timely data collection from young adults in the
UK. The questionnaire was composed of four sections in
total: Demographic Factors, Fast Food Consumption, An
international fast food chain and Healthy Foods, and Food
Waste. The survey questions included 5-point Likert Scale
Rating questions, open-ended, multiple choice, ranking
and preference questions. The survey results were analysed
using SPSS and Excel. The Multinomial Logistic Regression
test was employed to analyse the relationships between
age, education level, marital status, household income,
and the frequency of fast food consumption. This method
was chosen because the dependent variable—frequency of
eating at fast food restaurants—has multiple categories.
Previous studies have demonstrated that the multinomial
model is appropriate for analysing dependent variables with

more than two options (Yilmaz, 2018).

Within the scope of this study, the University of
Reading Ethical Clearance Form (Reference Number:
1910C) was obtained.

Results and Discussion

3.1. Demographic Factors




Table 1. Demographic Characteristics of Survey Participants
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Frequency Percent
Age 18 - 24 24 23.1
25 -31 58 55.8
32-36 22 21.2
Gender Male 40 38.5
Female 61 58.7
Non-binary/third gender 1 1.0
Prefer not to say 2 1.9
Education Level Secondary to age 18 0
Some University but no degree 1.9
University - Bachelor’s Degree 35 33.7
Graduate or professional degree (MA, MS, MBA, PhD, Law Degree, 67 64.4
Medical Degree etc)
Marital Status Married / In a domestic partnership or civil union 29 27.9
Single /Divorced /Separated 75 72.1
Household <£15,000 46 44.2
Income £15,000 - 29,999 33 31.7
£30,000 - £49,999 10 9.6
>£50,000 15 14.4
Total 104 100.0

Source: Data collected by the author

Upon examining the demographic characteristics
of the participants, it was found that more than half of
them (almost 56%) were between the ages of 25-31. Out
of the total number of participants, 61 were women, one
identified themselves as the third gender, and two preferred
not to specify their gender. Additionally, 67 participants
held master’s or professional degrees such as MA, MS,

Table 2. Parameter Estimates for Age

MBA, PhD, Law Degree, or Medical Degree. The majority
of the respondents (nearly 67%) were students, while
approximately 72% of them were either single, divorced,
or separated. Moreover, 46 participants had a household
income of less than £15.000 per year, whereas 15

participants had an annual income of over £50,000 (Table

1).

How often do you eat fast food (as a takeaway, at a restaurant or Coefficient (B) Standard Error Significance
dine-in )2 ?
A few times a week constant 18.307 1.009 <.001

18-24 years old 599 4507.074 1.000

25-31 years old -16.228 762 <.001

32-36 years old 0¢
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A few times a month constant 19.319 927 <.001
18-24 years old -.295 4507.074 1.000
25-31 years old -16.578 .625 <.001
32-36 years old 0° . .

Less than a few times a month | constant 18.867 791 <.001
18-24 years old -.094 4507.074 1.000
25-31 years old -17.481 .000
32-36 years old 0¢ . .

Never constant -.693 6681.641 1.000
18-24 years old .000 10275.479 1.000
25-31 years old .000 6681.641 1.000
32-36 years old 0¢

Source: Data collected by the author

Note: a. The reference category is Every day.

In the analysis shown in Table 2, ‘every day’ was
chosen as the reference category, and the frequency
of fast food consumption was examined in relation
to different age groups. The first set of coefficients (B
represents the estimated regression coefficient obtained
from Multinomial Logistic Regression analysis, which
illustrates the relationship between independent variables
(e.g., age, education level) and the dependent variable (fast
food consumption frequency)) compares participants who
consume fast food ‘every day’ with those who consume
it ‘several times a week,” showing that only individuals
aged 25-31 demonstrate statistical significance (p<0.01).
This trend persists across additional comparisons, with

participants in the 25-31 age range consistently indicating

higher fast food consumption.

Further analysis reveals that among participants who
consume fast food several times a week, more than half
(53.85%) are aged 25-31, and an additional 15.38% are
aged 32-36. This finding aligns with previous research
indicating that younger adults, particularly those in their
twenties, tend to consume fast food more frequently than
older individuals (Agir and Akbay, 2021; Dunn et al,
2008). Similar studies confirm that while older individuals
may report “occasional” consumption, younger adults

often consume fast food “twice a week or more.”

35
30
25
20

[ Iy I e

Every day A few times a
week
mMale mFemale

31
16 16
15 12 1012
1
12 ¢g¢ 0 0 1—1 Iul 0 loo
_- A T

A few timesa
month

m Non-binary/third gender

Less than a few Never

times a month

Prefer not to say

Figure 1. The Relationship Between Gender and Fast Food Consumption Frequency

Source: Data collected by the author
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To understand whether there is a relationship between
gender and the frequency of fast food consumption, the
Chi-Square test was performed and it was found that
there was no significant relationship between them. When
Figure 1 is examined, it is seen that women prefer fast-food
restaurants more often than men. While 16 of the women

and 12 of the men state that they consume fast food

3.2. Young Adults and Fast Food Preferences
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several times a week, it is a woman who says that she does
not consume fast food at all (Figure 1). Contrary to this
research, according to many studies, men consume more
fast food than women. However, in a study conducted
by Ahlgren et al. (20006) in Switzerland, it was found that
female consumers tend to consume more fast food than

male consumers.
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Figure 2. Factors That Attract Young Adults to This International Fast Food Chain (%)

Source: Data collected by the author

When young adults living in the UK were asked why
they prefer this international fast food chain, they listed
the most important criteria as fast service, affordable prices
and ubiquity (average 69%, 68%, and 64%, respectively).
The least effective factor in choosing this fast food chain
consumers was determined as “having healthy food on
the menu” with almost 33% (Figure 2). According to the
results of the study conducted by Sen et al. (2021), one of
the most important factors influenced by consumers when
choosing fast food in 2021 is the price factor, with a rate of

approximately 77%. According to the study by Paudel and
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Shrestha (2021), with students, taste and easy accessibility
were associated with the reasons why young people prefer
fast food ata rate 0of 91% and 100% respectively. Among the
factors affecting the fast food consumption of consumers
are cheapness, easy accessibility, time-saving, and the desire
to be with friends. According to the results of the survey
conducted in Sivas province, the desire to be with friends
ranks first among the reasons why high school students
prefer fast food products, followed by factors such as the
atmosphere of fast food restaurants and the deliciousness
of fast food products (Ugur, 2018).
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3.3. The Relationship Between Health and Fast Food

57.8
48,9
! o 267
B 155? N . 122 133 156 156 144 =
— n N =R ulg
Strongly agree Somewhat agree  Neither agreenor Somewhat disagree  Strongly disagree

disagree
= Foods on McDonald's menus are generally high in calories

The calorie content mfluences my choice of meal
w ] like the low-calorie and low-fat meal options on McDonald's menu

Figure 3. Perspective on International Fast Food Chain Menus From Their Calorie Content (%)

Source: Data collected by the author

While the majority of young adults surveyed stated that
international fast food chain products have a high-calorie
content, about 6% stated that they did not agree with the
idea that this international fast food chain products have
a high-calorie content. In addition, over 43% (15,56%
strongly agree, 27,78% somewhat agree) of young adults

stated that they paid attention to the calorie content when

choosing a meal at this international fast food chain (Figure
3). Similarly, in a study conducted with participants who
prefer fast food restaurants such as McDonald’s, Burger
King, and Kentucky Fried Chicken (KFC) in New York
City, only 9% of the participants stated that they consider
calorie labels when choosing food (Elbel, Gyamfi and
Kersh, 2011).

857
G676 !
B 152 162 ' -
- .
Male Female
® Yes, it i3 definitely unhealthy

1.0 0,0 00

Non-banary/ third
gender

No, it 15 not unhealihy

1.0 00 00

Prefer not to say

= Not sure

Figure 4. Young Adults’ Perspectives on International Fast Food Chain Menus From a Health Perspective (%)

Source: Data collected by the author

When asked about the effects of fast food products on

health, almost 67% of men thought fast food products were

: —
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harmful, while early 86% of female consumers stated that

fast food products negatively affect human health. On the




other hand, almost 16% of male participants stated that
fast food products did not have a negative effect on health,
while approximately 7% of female participants stated that
fast food products did not harm health (Figure 4). In a
survey conducted in India by Goyal and Singh (2007), only
3% of young people defined fast food products as healthy.
In the survey conducted with high school students in Sivas
province, 44% of the youth stated that fast food products
are harmful to health, while 28% stated that they are
healthy. At the same time, most of the participants stated
that they are aware that fast food products are unhealthy,

but they continue to consume them (Ugur, 2018).
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3.4. Food Waste in the Fast Food Industry

To observe food waste in the fast food industry, the
study investigated whether participants paid attention to
portion sizes in their orders and how they used the leftovers.
While 25 (about 62%) of the young male participants stated
that they were careful to order the amount they could eat
when ordering fast food, 8 male participants stated that
they ordered more than they could eat, and 7 (almost 18%)
stated that they did not care about the portion size when
ordering. On the other hand, 34 of the female participants
stated that they pay attention to the portion size when
ordering, while 12 participants stated that the portion size

is unimportant.

32,0
204§
26.5
24.0 235
. 20,0 20,0
c 11.8 |
8.8 .
. 4.0
10 10
rE 0,000 0,000 0,00,0 0.00,0
Always Most of the time About half the time Sometimes Never
mMale Female wNon-binary/third gender mPrefer notto say

Figure 5. Willingness to Take Leftover Food Home (%)

Source: Data collected by the author

When the participants were asked whether they took
the leftover food home if the food they ate at fast food
restaurants was too much for them, approximately 29%
of the young male participants said they always and 26%
most of the time wanted to take the leftover food as a
takeaway. In comparison, approximately 23% stated that
they did not want to take the leftover food home. When
the willingness of young female participants to take leftover

food as a takeaway was examined, it was determined that

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

32% of the women always wanted to take leftover food,
20% of them most of the time wanted to take leftover food
as a takeaway, while 20% did not feel such a need (Figure
5). According to a study conducted by Giorgi in England
in 2013, more than 50% of the participants took home the
excess food they could not eat, while approximately 40% of
them were hesitant to ask for a container to take the food

they could not eat home as a takeaway.
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Figure 6. Food Waste and Excess Management at International Fast Food Chain (%)

Source: Data collected by the author

When asked about how food waste and excess food
at international fast food chain should be utilized,
approximately 15% of the participants suggested that
surplus food should be distributed to employees, 21%
recommended donating to charitable organisations,
around 13% indicated that surplus food should be used
for further meals, 25% suggested composting and about
25% suggested disposal (Figure 6). Many studies have been
conducted on the evaluation of food waste. One of these
studies is the study conducted by Billore et al. in Japan
in 2021. In the study, some campaigns and slogans were
organized for the participants to take home the food they
could not eat. The slogans that attracted the most attention
from the participants were “If you don’t eat it, bring it

<

home “ and “Taste your food twice “.

The findings of this study provide insight into the
fast food consumption behaviours of young adults in
the UK, validating initial hypotheses regarding their
preferences. The international fast food chain is confirmed
as the most preferred fast food chain among participants,
supporting the hypothesis that its affordability, fast service,
and extensive availability make it appealing to young
consumers. Additionally, the observed trend of frequent
fast food consumption within the 25-31 age group aligns
with the hypothesis that younger adults are more inclined

toward fast food due to lifestyle factors and convenience.

The data also highlight participants’ awareness of the

: —
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health risks associated with fast food, with a majority
acknowledging its potential negative impact on health.
Despite this awareness, fast food remains popular,
reflecting a cognitive dissonance where convenience and
cost may outweigh health concerns—a finding echoed
in the literature. Furthermore, while some young adults
demonstrated concern about food waste by opting to
take leftovers home, others displayed minimal interest in
managing waste. This aligns with the hypothesis that food
waste is a low-priority issue for a segment of the young

adult population.

Conclusion

With globalization, factors such as changes in family
structures, increases in income, increase in the female
population in business life, and long working hours
cause individuals’ eating habits to shift towards fast food
products. With the increase in fast food consumption,
various health problems such as obesity, heart failure and
diabetes emerge. In this study, the thoughts and attitudes of
the young population living in England towards fast food
products and an international fast food chain, which is
widespread around the world, were examined. The subjects
of this research are the reasons why fast food products are
preferred, young people’s thoughts about the food in these
fast food restaurants and the health effects of fast food

products, and food waste in the fast food industry.




According to the results of the research, The international
fast food chain is the most preferred fast food restaurant
among young adults residing in the UK, and most of the
participants are aware that over-consumption of these foods
can be harmful to health, but continue to consume them.
When the reasons why fast food products are preferred by
young adults are examined, factors such as being served
quickly, affordable prices and being accessible everywhere
take the first place. When the participants’ awareness of
food waste was examined, it was determined that more
than half of the participants were conscious of food waste
and tended to take home the food left on their plates after
eating at restaurants. They expressed their opinions that
food waste and excess food generated in restaurants can be
managed by composting, distributing to employees, and

donating to charities.
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Bu ¢aligma, Aydin-Nazilli ekolojik sartlarinda bazi pamuk
cesitlerinde (Harem 2, Sahin 2000, Fiona) farkli sulama miktarlar:
(Tam, %25 Kisit, %50 Kisit) ve hiimik asit dozlarinin (0, 250 g/
da, 500 g/da) lif kalitesine etkisini tespit etmek amaciyla, 2021 ve
2022 yillarinda “Tesadiif Bloklarinda Béliinen Boliinmiis Parseller
Deneme Deseni’ne gore 3 tekerriirlii olarak yiirtitiilmisgtiir. Ana Yazar 22 pe
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sonucunda, cesitler arasindaki farkliliklar incelenen lif kalite
parametrelerinin tamamt i¢in 6nemli bulunmus, pamukta lif
kalite parametrelerindeki degisimin genotip yaninda cevre ve
yetistirme kosullarindan da kaynaklanabilecegi belirlenmistir.
Aragtirmada tiim uygulamalarin ortalamasi olarak en iyi sonuglar;
lif uzunlugu (30.2 mm), mukavemeti (35.8 gtex), uniformite
orant (%85.1), kisa lif orani (%6.1), parlaklik (%79.8) ve sarilik
degerleri (8.3 b+) Fiona ¢esidinde, incelik (4.6 mic.) ve elastikiyet
(%38.0) Sahin 2000 ¢esidinde elde edilmistir. Sulama diizeyleri

arasinda; en yiiksek lif uzunlugu (31.2 mm) ile birlikte parlaklik  * Bu makale, TAGEM/TBAD/A/21/A7/P4/5237Nolu TA-
GEM Projesi sonucu elde edilen ve ayni baglikla yayinla-
nan; ‘Kisintili Sulama ve Farkli Hiimik Asit Dozlarinin
iyi sonuglar tam sulama konusunda belirlenmistir. Bununla Bazi Pamuk (Gossypium hirsutum L.) Cesitlerinde Verim
ve Kalite Uzerine Etkilerinin Belirlenmesi’ isimli doktora
tez calismasindan &zetlenerek hazirlanmistir.

ve sarilik disinda ele alinan lif kalite konularinin tiimii i¢in en

birlikte; hiimik asitin dozlarinin lif kalitesine 6nemli bir etkisi
tespit edilmemistir. Sonug olarak; bélgede lif kalitesi agisindan

Fiona gesidi ile tam sulama uygulamasinin tavsiye edilebilecegi, . derilme Tarihi : 05 Temmuz 2024

bununla birlikte bu tavsiyenin daha net ve giivenilir olabilmesi ~ Kabul Tarihi : 07 Ekim 2024
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icin daha ¢ok calismanin yapilmast gerektigi kanaatine

varilmustir.

Anahtar Kelimeler: Pamuk Cesitleri, Lif Kalitesi, Su
Kisitr, Hiimik Asit

Abstract

This study was carried out in 2021 and 2022 in Aydin-
Nazilli ecological conditions in order to determine the
effect of different irrigation amounts (Full, 25% water
deficit, 50% water deficit) and humic acid doses (0, 250
g/da, 500 g/da) on fiber quality in some cotton varieties
(Harem 2, Sahin 2000, Fiona) according to the ‘Split-Split
Plots on Randomized Complete Block Design’. with 3
replications. The main plots were water restricted, sub-plots
were varieties and sub-subplots were humic acid doses.
As a result of this research conducted for two years, the
differences among the varieties were significant for all of the
fiber quality parameters examined, and it was determined
that the variation in fiber quality parameters in cotton
may be caused by environment and growing conditions
as well as genotype. The best results as the average of all
treatments; fiber length (30.2 mm), strength (35.8 gtex™),
uniformity ratio (85.1%), short fiber ratio (6.1%), luster
(79.8%) and yellowness values (8.3 b+) were obtained in
Fiona variety, fineness (4.6 mic.) and elasticity (8.0%) were
obtained in Sahin2000 variety. Among the irrigation levels;
the best results for all fiber quality issues except for the
highest fiber length (31.2 mm) and luster and yellowness
were determined at full irrigation. However, no significant
effect of humic acid doses on fiber quality was detected.
As a result; it was concluded that full irrigation application
with Fiona variety can be recommended in terms of fiber
quality in the region, however, more studies should be
carried out in order to make this recommendation more

clear and reliable.

Keywords: Cotton Varieties, Fiber Quality, Water
Deficit, Humic Acid

1. Giris

Pamuk, ebegiimecigiller (Malvaceae) familyasindan bir
lif bitkisidir. Ulkemizde kiiltiirii yapilan pamuk gesitleri
Amerikan orjinli yenidiinya pamuklari olarak taninan, acik

kozali pamuklari (Upland) iceren Gossypium hirsutum tiiriine

y—
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aitti. Onemli bir lif bitkisi olmast yan1 sira, ¢igidinden
elde edilen yag: ve diger yan triinleriyle ekonomik degeri
cok yiiksek bir bitki olan pamugun yarattug katma deger
ve istihdam alani ile iilke ekonomisine katkilari olduk¢a
onemlidir. Dokuma ve tekstil sanayinin ana ham maddesi
olup stratejik 6neme sahiptir (Mert, 2007; Gegit vd., 2009;
Mert, 2017).

Uretim ve titketim agisindan diinya genelinde 68 iilkenin
dogrudan ilgi alaninda olan pamuk bitkisinin bu tlkelerin
45’inde hem iiretimi hem de kullanimi yapilirken, geri
kalan 23 iilkede ise sadece tiiketilmektedir. Bu yayginligina
karsilik diinya pamuk iiretiminin neredeyse tamami
(%99.5) tilkemizin 6. sirada yer aldigi 10 biiyiik pamuk
treticisi tilke tarafindan gerceklestirilmektedir. Pamuk
tilkemiz tariminda biiyiik 6neme sahip olup “Tahillar ve
Diger Bitkisel Uriinler” grubunda bugdaydan sonra en
biiyiik ciroya sahip triindiir (Anonim, 2021a). Tekstil
ve hazir giyim sekedriiniin gelismis olmasina bagli olarak
Tiirkiye'nin yurtigi ihtiyacina gére pamuk iiretimi yetersiz
kalmaktadir (Anonim, 2021b). Her ne kadar, kimyasal
lifler hala tiiketilen lifler icerisinde yiiksek bir paya sahip
olsalar da lifinin dogal olmasi, hava gecirgenligi ve nem
cekme ozellikleri, yikanabilirliginin iyi olmasi ve hijyenik
ozellikler tagimasi sebebiyle pamuk bitkisi, cazibesini artan
bir sekilde muhafaza ettirmektedir (Giirel vd., 2000).
Pamuk yetistiriciliginde verim kadar lif kalitesi de 6nemli
bir olgudur. Lifin rengi, inceligi, kalinligi, mukavemeti,
tiniformitesi, elastikiyeti gibi cesitli ozellikler kalite
lizerine etki eden onemli faktdrlerdendir (Tiimer, 2010).
Kalite parametreleri, ¢evresel kosullardan etkilenmekte ve
aralarinda ikili korelasyon iliskileri olusmaktadir (Kothari
vd., 2017). Pamuk lif kalitesini etkileyen faktorler arasinda
cesit secimi, ekim zamani, topraktaki nem miktari,
sulama zamani ve miktari, bitki besin elementleri, bitki
hastalik ve zararlilari, iklim ve bakim kosullari, hasat ve
hasada yardimct uygulamalar ile ¢ir¢irlama yontemleri yer
almaktadir (Braden vd., 2004).

Bu ¢aligma ile iilkemizde sulu kosullarda tarimi yapilan
pamuk bitkisinde, farkli su seviyeleri alunda topraga
uygulanan farkli hiimik asit dozlarinin, farkli pamuk
cesitlerinde lif kalitesine olan etkilerinin degerlendirilmesive
bu ti¢ faktdriin birbirleriyle olan etkilesiminin belirlenmesi

hedeflenmistir.




2. Materyal ve Metod

Arastirma, Biiyiik Menderes havzasinda yer alan Aydin
ili Nazilli ilcesinde bulunan, Pamuk Arastirma Enstitiisii
Mudiirligii uygulama arazisinde 2021 ve 2022 yillarinda
yiiriitiilmistiir. Iklim verileri genel olarak incelendiginde
(Sekil  2.1), (1941-2020)

uzun yillar ortalamasina

_ -
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gbre aragtirmanin yuritildagi 2021 ve 2022 yillant
daha sicak ve daha disiik yagisli olmus, deneme yillart
kargilagtirildiginda ise hasat dénemine kadar 2022 yilina
gore 2021 yili daha sicak ve daha kurak ge¢mistir. Bununla
birlikte; 2022 yilinda pamugun erken gelisme déneminde
ozellikle Haziran ayinda yiiksek miktarda yagis olmustur
(Anonim, 2022).

Sekil 2.1. 2021,2022 ve uzun yillar (1941-2020) iklim verileri grafigi
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Calisma, ‘Tesadiif Bloklarinda Boéliinen Boliinmiis
Parseller’ deneme desenine gore ii¢ tekrarlamali olarak
yurtitiilmiistiir. Ana parsel su kisin (SK; tam sulama
1), %25 (Izs)’ %50 (Iso), alt parsel: cesit (C; Fiona
(C), Harem2 (C,), $ahin2000 (C,) ve alun alt parsel
hiimik asit dozlarindan (HA; 0 (H,), 250 (H,,), 500
(H,) g/da) olusmustur. Hiimik asit kaynagi olarak

‘K-Hiimat’ su ile karstirilarak kullanilmistir. Deneme

500

alani topraginin fiziksel ve kimyasal analizleri ile sulama
suyu analizleri i¢in ekim o6ncesinde numuneler alinarak
UTAEM (Uluslararasi Tarimsal Arastirma ve Egitim
Merkezi  Mudirlagi)

yapurilmustur. Sulama suyu; derin kuyudan saglanmus,

Laboratuvarlar’'nda  analizler
analizler sonucunda, ABD tuzluluk laboratuvar: siniflama
sistemine gore T2A1 sinifinda yer almistir (T:Tuzluluk,
A:Alkalilik). Deneme alani organik maddece yetersiz,
kumlu wnli biinyeli, tuzluluk problemi bulunmayan,

hafif alkalin karakterli, orta kirecli olup, bitkiye yarayish
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kalsiyum orta, magnezyum iyi, fosfor orta, potasyum
yiiksek, mikro elementler bakimindan ise; demir yiiksek,
cinko orta, mangan ve bakir yeterli seviyede bulunmustur.
Aragtirmada, sulama suyu baslangi¢c zamanini belirlemek
icin deneme arazisinden belli sikliklarla numune alinarak
gravimetrik yontemle toprak nemi kontrol edilmistir.
Aragtirmada, biitiin konularda ilk sulama ekimden yaklagik
60-65 giin sonra (ilk ¢igeklerin goriilmesiyle, faydali suyun
%40’1 tiiketildiginde) bagslayacak sekilde planlanmistir
(Doorenbos ve Kassam, 1979; Tiizel ve Ul, 2003, Ozdemir
ve Dagdelen, 2015). Ekim birinci yil 28.04.2021, ikinci yil
22.04.2022 tarihinde gergeklestirilmistir. Deneme konusu
olarak belirtilen hiimik asit (K-Hiimat) dozlar1 (0, 250, 500
g/da) su ile karistirilarak ekimden 6nce sirt piilverizatorii ile
uygulanmustir. Sulama sisteminin kurulmasindan hemen
once ‘Class-A Pan Kabr’ ve ‘Su Sayaci’ temin edilmis ve
uygun yerlere yerlestirilmistir. Ardigtk sulamalar 8 giin
sulama araliginda (Dagdelen vd., 2005; Dagdelen vd.,

—



2009), olusan toplam buharlagma degerleri dikkate alinarak
yapilmistir. Denemenin birinci yilinda toplam 9 kez sulama
yapilmis ve Class-A pan buharlasma kabindan yapilan
ol¢timler sonucu, sezon boyunca 712.0 mm su eksildigi
belirlenmistir. Denemenin 2. yilinda ise Haziran ayinda
devam eden yagislar sulama baglangi¢ zamanini denemenin
ilk yilina gére geciktirmistir. Denemenin ikinci yilinda
15.07.2022 tarihinde baglayan ilk sulama 24.08.2022
tarihinde verilen son suyla nihayete ermistir. Denemenin
2. yilinda 6 kez sulama yapilmis Class-A pan buharlasma
kabindan yapilan 6l¢iimler sonucu sezon boyunca 476.0
mm su eksildigi belirlenmistir. Denemede birinci yil 1. el
hasat 30.09.2021, 2. el hasat 25.10.2022 tarihinde; ikinci
yil 1. el hasat 26.09.2022, 2. el hasat 20.10.2022 tarihinde
yapilmistr.

Hasat sonrasi her parselden alinan lif érneklerinin
Nazilli

Laboratuvar’nda HVI spectrum lif 6lgiim cihaz1 ile

Pamuk  Arasurma  Enstitisi  Midirlagi
olctilmesi ile ¢irgir randimani (%), lif uzunlugu (mm), lif
inceligi (micronaire), iplik olabilirlik indeksi (SCI) ve lif
mukavemeti belirlenmis elde edilen veriler “MSTAT-C”

istatistik programinda varyans analizine tabi tutulmustur.

3. Bulgular ve Tartisma

Lif Uzunlugu (mm): Iki y1l birlesik analiz sonuglarina
gore lif uzunlugu degerleri tizerine yil, hiimik asit ve konular
arasindaki diger interaksiyonlarin etkisi istatistiki olarak
onemsiz, sulama diizeyleri, gesitler, YXCxHA interaksiyonu
onemli olmugtur. Lif uzunlugu ilk yil 28.1-31.1 mm,
ikinci yil 27.7-31.2 mm arasinda degismis, ortalama
degerler 2021 yilinda 29.4 mm, 2022 yilinda 29.3 mm

ZikAA]‘
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olarak belirlenmistir. Sulama suyu miktarinin artisina gore
lif uzunlugu degerlerinde artis olmug, 29.8 mm ile tam
sulama >29.3 mm ile %25 su kisitt > 29.0 mm ile %50
su kisit1 olarak siralanmustir. Bu sonucu destekler nitelikte
Karademir vd. (2011), Papastylianou ve Argyrokastritis
(2014), Cordao Sobrinho vd. (2015), lif uzunluguna su
stresinin olumsuz yénde etki ettigini bildirirlerken; Coskun
(2015), Isotgu (2016) ise su kisitinin lif uzunlugunu
onemli derecede etkilemedigini ifade etmislerdir. Bu
farkliligin, aragurmalarda farkli cesitler kullanilmasindan
kaynaklanmis olabilecegi diisiintilmiistiir. Cesitler arasinda,
en yiiksek lif uzunlugu 30.2 mm ile Fiona, en disiik 28.5
mm ile Harem2 cesidinde belirlenmistir. Giines (1996) lif
uzunlugunun gesitlere gére 26.50-31.00 mm; De Mastro
ve Lucarelli (2000) 25.9-31.2 mm; Koéken (2017) 27.1-
32.1 mm arasinda degistigini, Gozcii vd. (2012) ve Irget
(2018) aragtirma sonucumuza benzer sekilde, genotipler
arasinda lif uzunlugu bakimindan 6nemli farkliliklar
oldugunu bildirmislerdir. Htimik asit dozlarinin lif
uzunluguna etkisi ise 6nemsiz bulunmus, sonucumuzu
destekler nitelikte; Acemoglu (2018) ¢aligmasinda hiimik
asidin lif uzunlugu tizerine 6nemli bir etkisinin olmadigini
bildirmistir. Calismada, YxCxHA interaksiyonunun lif
uzunlugu degerlerine etkisi 6nemli bulunmus, bu husus
iklim sartlarindaki degisikliklerin hiimik asit dozlarinin
cesitlere gore farkli etki olusturdugunu diistindiirmiistiir.
Aragtirmada; en yiiksek lif uzunlugu 31.15 mm ile Fiona
gesidinde, 250 g/da hiimik asit dozunda, tam sulanan
(1,,C, H,.), en disik (27.96 mm) Harem2 cesidinde,
250 g/da hiimik asit dozunda, tam sulanan (I C, H,.)
parsellerde elde edilmistir (Tablo 3.1).

Tablo 3.1 Lif uzunlugu (mm) ortalama degerleri ve LSD testi gruplar

2021 2022 Birlesik (2 Yil)
Su Kisitt | Cesit Hiimik Asit (g/da) Hiimik Asit (g/ Hiimik Asit (g/da)
da)
HO H250 H500 Ort' HO H250 HSOO Ort' HO HZSO HSOO Ort'
N Cl1 30.3 31.1 29.7 30.4 30.8 31.2 30.6 30.9 30.6 31.2 |30.2 |30.6
2 29.1 28.7 28.9 28.9 28.5 29.1 29.0 28.9 28.8 28.9 [28.9 |28.9
C3 30.9 29.5 29.8 30.0 |30.0 30.3 29.5 [29.9 [30.5 [29.9 [29.6 |30.0
Ort. 30.1 29.8 29.5 29.8 29.8 30.2 29.7 29.9 1299 30.0 [29.6 |29.8a*
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L, C1 30.2 30.8 29.6 302 [29.7 29.6 304 129.9 |30.0 [30.2 |30.0 [30.0
2 28.6 29.0 28.1 28.6 |28.1 28.5 285 |283 283 [28.8 [283 |285
C3 29.7 29.3 30.1 29.7 1295 29.3 29.2 1293 129.6 [29.3 [29.7 |29.5
Ort. 29.5 29.7 29.3 29.5 [29.1 29.1 294 1292 293 [29.4 |29.3 [29.3b

L, ¢l 29.4 30.1 30.1 299 |[30.4 29.5 304 |30.1 (299 |29.8 |30.3 |30.0
2 28.8 28.1 28.5 284 ]28.0 27.8 27.7 |27.8 |28.4 [28.0 |28.1 [28.1
C3 29.6 28.7 28.6 29.0 |[28.9 28.4 28.8 |28.7 129.2 [285 [28.7 |28.8
Ort. 29.2 29.0 29.1 29.1 [29.1 28.6 29.0 289 ]29.2 |[28.8 [29.0 [29.0c

CxHA | C1 30.0bd* [30.7a |[29.8ce |30.2 [30.3ac |30.lac |30.5ab|30.3 |30.1 |[30.4 |30.1 [30.2a**
G2 28.8g1 28.6hj | 28.51 |28.6 |28.2j |28.51; |[28.41 |28.4 |285 |285 |28.4 |28.5¢c
C3 30.0bd [29.1fh |29.5df [29.6 [29.5df |29.3eg |29.2fg |29.3 [29.8 [29.2 |29.4 |29.5b
Ort. 29.6 29.5 29.3 29.5 1293 29.3 293 1293 (295 294 |29.3 |294

CV:1.96; *):Ayni harfle gdsterilen ortalamalar arasindaki farkliliklar %5’e gére, **) %1’e gore 6nemsizdir.

Lif inceligi (mic.): Aragtirmada lif inceligine yillar,
her iki yil da gesitlerin etkisi onemli, diger faktorler ve
interaksiyonlarin etkisi onemsiz olmustur.  Birinci yil
lif inceligi 4.39-5.72 mic., ikinci yil 4.22-5.43 mic.
arasinda degismis, 2021 yili i¢cin ortalama 5.23 mic.,
2022 yili i¢in ise 4.82 mic. olarak belirlenmistir. Her iki
yilda da sulama miktarlarinin lif inceligine etkisi 6nemsiz
olmustur. Papastylianou ve Argyrokastritis (2014); Isotcu
(2016); Uzel (2019) lif inceligine ait degerlerde sulu ve
kuru yetistirme kogullar1 arasinda onemli bir farklilik
saptanmadigini;  Kiling  (2020), genotipin etkisinin
istatistiksel olarak 6nemli, su kisit1 ve su kisitt x genotip
interaksiyonu degerleri arasindaki farkliliklarin 6nemsiz
oldugunu bildirmislerdir. Bu bulgular, bu arastirmadan
elde edilen sonuglart destekler niteliktedir. Bununla
birlikte, Mert (2006); Karademir vd. (2011); Coskun
(2015); Cordiao Sobrinho vd. (2015); Ektiren (2017)
sulama konularinin lif inceligi degerlerine etkisinin
onemli oldugunu bildirmiglerdir. Sonuglar arasindaki bu
farkliliklarin arastirmalarda farkli gesitler kullanilmasindan
kaynaklanmis olabilecegi diistiniilmiistiir. Her iki yilda
da, gesitler arasinda en yiiksek lif inceligi (sirastyla, 5.58

mic., 5.20 mic.) Harem2, en disiik (sirasiyla, 4.72 mic.,
4.51 mic.) Sahin2000 ¢esidinde belirlenmistir. Bu sonug,
lif inceliginin cesitlere gore degistigini bildiren Tarhan
ve Karademir (2019), Oren (2007), Rady vd. (2016) ile
benzerlik gostermektedir. Arasurmanin her iki yilinda da
hiimik asit dozlarinin lif inceligi tizerine etkisi 6nemsiz
bulunmugtur. Bu sonucu destekler sekilde; Basbag (2008);
Aygiin ve Mert (2020), hiimik asit uygulamalar: gibi toprak
diizenleyicilerinin lif inceligi izerinde 6nemli bir etkisinin
olmadigini, buna karsin Temiz vd. (2009) himik asit
uygulamasinin lif inceligini 6nemli diizeyde etkiledigini
bildirmislerdir. Bu durumun, gesit farkindan kaynaklanmig
olabilecegi dustintilmisgtiir. Caligmada; 2021 yilinda en
yiiksek deger 5.72 mic. ile Harem2 ¢esidinde, hiimik asit
uygulanmayan ve tam sulanan (I, C, H ); en diisiik deger
(4.39 mic.) $ahin2000 ¢esidinde hiimik asit uygulanmayan,
tam sulama yapilan (I, C, H ) parsellerde; 2022 yilinda ise
en yiiksek deger 5.43 mic. ile Harem2 ¢esidinde hiimik asit
uygulanmaksizin, %25 su kisiti uygulanan (I, .xC xH ), en
diisiik 4.22 mic. ile $Sahin2000 ¢esidinde 250 g/da hiimik
asit uygulanan, tam sulanan (I xCxH,, ) parsellerde elde

edilmistir (Tablo 3.2).

250

Tablo 3.2 Lif inceligi (mic.) ortalama degerleri ve LSD testi gruplart

2021 2022 Birlesik (2 Yil)
SuKisit  Cesit  Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
H, H, H, O H, H, H, O H, H, H, O
I C, 520 5,53 5,34 5,36 4,57 4,45 4,51 451 4,89 499 492 493
G, 5,72 5,65 5,65 5,67 5,06 5,11 500 5,06 539 538 532 537
C, 439 489 5,01 4,76 4,43 4,22 4,52 4,39 4,41 4,55 477 4,58
Ort. 5,10 536 533 5,27 4,69 4,59 4,67 4,65 490 498 5,00 496

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

— g



ZIRAAT
9 'MUHENDISLIG!

L, C, 556 535 537 543 520 4,68 4,78 4,89 538 501 507 5,16
C, 553 552 548 551 543 525 530 533 548 539 539 542
C, 449 469 462 4,60 458 4,40 469 4,56 454 455 466 4,58
Ort. 519 519 516 5,18 507 478 492 4,92 513 498 504 5,05
" C, 547 542 537 542 458 502 493 485 503 522 515 513
C, 550 554 560 555 534 515 517 522 542 535 539 538
C, 488 484 462 478 440 471 462 458 464 478 462 4,68
Or. 529 527 519 525 477 496 491 488 503 512 505 5,07
CxHA  C, 541 543 536 5402 479 472 474 475b* 510 507 505 507
C, 558 557 558 558a 527 517 516 520a 543 537 537 539
C, 459 481 475 472b 447 444 461  451c 453 4,63 468 461
Or. 519 527 523 523 484 478 484 4,82 502 502 503 502

CV:4.2(2021), 5.7 (2022); **): Ayn1 harfle gdsterilen ortalamalar arasindaki farkliliklar %1’e gore onemsizdir.

Lif Mukavemeti (g/tex): Arasurmada sadece yillar
ve cesitler arasindaki farkliliklarin lif mukavemeti tizerine
etkisi 6nemli olmustur. Lif mukavemeti 2021lyilinda
29.2-37.2 gltex, 2022 yilinda ise 27.8-36.8 g/tex arasinda
degismis, 2021 yilinda ortalama 32.7 g/tex, 2022 yilinda
31.5 g/tex olarak belirlenmistir. Cesitler arasinda en yiiksek
deger her iki yilda da (sirastyla, 36.42 g/tex, 35.14 g/tex)
Fiona, en diisiik ise (sirastyla, 30.36 g/tex, 29.01 g/tex)
Sahin2000 cesidinde elde edilmistir. De Mastro ve Lucarelli
(2000), calismalarinda lif mukavemeti degerlerinin
27.4-34.6 g/tex; Celik vd. (2011) ise 26.88-38.20 g/tex
arasinda degistigini; Akiscan ve Genger (2012), genotipler
arasindaki farkin aragtirma sonucumuzdaki gibi istatistiksel
olarak 6nemli oldugunu bildirmiglerdir. Caligma sonucu;
su kisitinin lif kopma dayanikliligr degerlerinde 6nemli
bir farklilik olusturmadigini bildiren Hussein vd. (2011)
ve Sats (2021) ile uyum iginde bulunmustur. Bununla
birlikte farkli olarak; Mert (2006); Witt vd. (2020)

pamukta su kisiti kosullarinin lif mukavemetini olumsuz

etkiledigini ifade etmislerdir. Bu durum, kullanilan cesitler
arasindaki farkliliklardan kaynaklanmis olabilir. Hiimik asit
uygulamasinin pamukta lif mukavemeti tizerine etkisini
belirlemeye yonelik Basbag (2008) ve Temiz vd. (2009)
tarafindan yapilan caligmalarda lif kopma dayanikliliginin
hiimik asit uygulamasindan etkilenmedigi bildirilmistir.
Bu bulgular, aragtirma sonucumuzu destekler niteliktedir.
Aragtirmada en yiiksek lif mukavemeti (37.2 g/tex) 2021
yilinda Fiona ¢esidinde, 250 g/da hiimik asit dozunda,
%50 su kisiti uygulanan (I, xC xH ), en diisiik deger
(29.2 g/tex) $ahin2000 cesidinde 250 g/da hiimik asit

dozunda %25 su kisitt uygulanan (I, xC, xH ) parsellerde

belirlenmistir. 2022 yilinda ise, en yiiksek li?omukavemeti
(36.8 g/tex) Fiona gesidinde, hiimik asit uygulanmaksizin
%25 su kisiti uygulanan (I, xC xH ), en diisiik (27.80g/tex)
Sahin2000 ¢esidinde, 250 g/da hiimik asit dozunda %50
su kasiti uygulanan (I, xC xH

(Tablo 3.3).

,50) Parsellerde saptanmistir

Tablo 3.3 Lif mukavemeti (gtex"') ortalama degerleri ve LSD testi gruplari

2021 2022 Birlesik (2 Yil)
Su Kisit1 | Cesit Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
H, ~|H, |H, |Or H, |H, |H, [Or H, |H, |H, |Or
I C, 36.6 [35.8 |37.1 |36.5 36.3 |35.0 |33.9 |[35.1 36.4 (354 |355 |[35.8
G, 30.9 31.7 30.8 31.1 29.2 1295 |31.0 [29.9 30.1 [30.6 |30.9 |[30.5
G, 32.0 31.0 30.6 31.2 28.1 [29.8 |28.4 |28.8 30.0 |30.4 [29.5 |30.0
Ort. 33.2 32.9 32.8 32.9 31.2 315 |31.1 (312 32.2 [32.2 |32.0 |32.1
¢= ZIRAAT MUHENDISLIGI | Yil: 2024 | Say: 380
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L, G, 35.9 36.4 36.0 |[36.1 36.8 1349 [34.9 |355 36.3 [35.7 |355 |[358
C, 31.3 31.8 30.2 | 31.1 313 1299 [29.8 [30.3 31.3 | 30.8 |30.0 [30.7
G, 31.0 29.2 30.0 |30.1 295 1293 [29.1 |29.3 30.3 129.2 [29.6 [29.7
Ort. 32.8 32.5 32.1 32.4 325 [31.4 (313 (317 32.6 1319 (317 |[321
L, C, 37.0 37.2 35.8 |36.7 35.6 |34.3 [34.6 |34.8 36.3 358 [352 (357
G, 31.8 30.8 332 |319 30.3 [30.8 |30.5 [30.5 31.0 | 30.8 |31.8 |31.2
G, 30.4 29.5 29.6 |29.8 29.2 127.8 [30.0 |29.0 29.8 |128.6 (29.8 |29.4
Ort. 33.0 32.5 32.8 |32.8 31.7 [31.0 [31.7 [31.4 324 (31.7 [32.3 (321
CxHA | C, 36.5 36.5 36.3 |3642a% 362 |347 |345 [35.14a™ |363 |356 |354 |[35.8
G, 31.3 31.4 314 |31.37b 30.3 [30.1 [30.4 |30.25b 30.8 |30.7 130.9 |30.8
G, 31.1 29.9 30.1 30.36 b 289 129.0 [29.2 [29.01c 30.0 1294 [29.6 [29.7
Ort. 33.0 32.6 32.6 |[327 31.8 |31.3 [31.4 |3L5 32.4 (319 [32.0 (32.1

CV:4.68 (2021), 5.23 (2022); *): Ayn1 harfle gosterilen ortalamalar arasindaki farkliliklar %5’e gére, **) %1’e gore dnemsizdir.

Lif Uniformite Orani (%): Lif uniformite orani
tizerine, ¢esit etkisi onemli, yillar, diger fakeorler ve
interaksiyonlarin  etkisi ise ©6nemsiz olmustur. Tiim
faktorlerin - ortalamast olarak 2021 yilinda %84.64,
2022 yilinda %84.39 olarak belirlenmistir. Aragtirmanin
yurtitiildiigii her iki yilin birlesik analiz sonuglarina
gore, cesitler arasinda en yiiksek lif Giniformite orani
%85.19 ile Fiona, en disik %83.71 ile $ahin2000
cesidinde belirlenmistir. Bu sonucu destekler sekilde De
Mastro ve Lucarelli (2000), pamuk cesitleri ile yaptklart
arasirmada, lif Gniformite orani degerlerinin ¢esitler
arasinda 6nemli farkliliklar gosterdigini ve % 81.4-84.9
arasinda degistigini bildirmislerdir. Bu arastirmada su kisit
uygulamalarinin lif tiniformite orani tizerine etkisi 6nemsiz
bulunmus, konu tzerinde yapilan diger calismalarda da
bu sonuca benzer sekilde; Hussein vd. (2011); Karademir
vd. (2011); Papastylianou ve Argyrokastritis (2014),
Tiine (2016), sulama suyu miktarinin lif Giniformitesine
etkisinin 6nemli olmadigini bildirmiglerdir. Buna kargin;

Unlii vd. (2011), Tunali vd. (2019), Witt vd. (2020) ise
su kisitt uygulamasinin lif Gniformite oranini 6nemli
diizeyde etkiledigini bildirmiglerdir. Arastirma sonuglar
arasindaki bu farkliliklarin, kullanilan cesit ve kiiltiirel
uygulamalar arasindaki muhtemel farkliliklar yaninda,
calismalarin yiirtittildiigii lokasyonlar arasindaki ekolojik
farkliliklardan kaynaklanmis olabilecegi diistintilmiistiir.
Bu arastirma sonucunda, hiimik asit dozlarinin lif
tiniformite degerleri tizerine etkisi her iki deneme yilinda
da 6nemsiz bulunmustur. Nitekim bu sonucu destekler
sekilde; Oren (2007), hiimik asit uygulama dozlari; Tarhan
(2017), hiimik asit uygulamalari arasindaki farkliliklarin lif
tiniformitesine etkisinin 6nemli olmadigini bildirmislerdir.
Aragtirmada lif tiniformite orani bakimindan; iki yila ait
verilerin ortalamasi olarak, en yiiksek deger %85.55 ile
Fiona ¢esidinde, 250 g/da hiimik asit dozunda tam sulanan
(IxCxH,, ), en diisiik %83.03 ile $ahin2000 cesidinde,
500 g/da hiimik asit dozunda %50 su kisitt uygulanan
(I, xCxH, ) parsellerde elde edilmistir (Tablo 3.4).

Tablo.3.4 Lif uniformite oran1 (%) ortalama degerleri ve LSD testi gruplar:

2021 2022 Birlesik (2 Yil)
Su Kisitt | Cesit Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
H, H,., H,, [Ort H, H,, |H,, Ort. H, H,, |H, |Or
C, 84.65 [85.76 |85.70 |85.37 |85.77 |85.34 |84.47 |[85.19 [8521 |[85.55 [85.08 |85.28
G, 85.22 [84.82 |85.08 [85.04 |[84.36 [84.92 |84.42 |84.56 |84.79 |[84.87 |84.75 |84.80
b G, 83.63 |84.28 |84.13 |84.01 |[83.45 |84.20 |84.06 |[83.90 |83.54 |84.24 |[84.09 |83.96
Ort. [84.50 |84.96 |84.97 |84.81 |[84.52 |84.82 |[84.31 |[84.55 |84.51 |84.89 |84.64 |84.68
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C, |85.43 |8655 |85.83 |85.94 |85.15 |84.26 |84.84 |84.75 |85.29 |85.41 [85.34 [85.34
C, |[83.94 [84.11 [84.79 |84.28 |85.65 |83.32 |84.81 |84.60 |84.80 [83.71 [84.80 |84.44
b C, |83.57 [83.60 [83.48 [83.55 |84.70 |84.46 |83.67 |84.28 |84.14 |84.03 |83.58 |83.91
Ort. |84.31 [84.75 |84.70 |84.59 |85.17 [84.02 |84.44 |[84.54 |84.74 |84.38 |84.57 |84.57
C, |84.12 [85.90 [85.42 |85.15 |85.10 |84.23 |84.85 |84.73 |84.61 [85.07 [85.13 |84.94
C, |85.02 |8545 |84.76 |85.08 |83.99 |84.76 |84.32 |84.35 |84.51 |85.11 [84.54 [84.72
& C, |84.12 [8337 [8255 |83.35 |83.01 |83.00 |83.52 |83.18 |83.57 [83.19 [83.03 |83.26
Ort. |84.42 [84.91 |84.24 |84.52 |84.03 |84.00 |84.23 |[84.09 [84.23 |[84.45 |84.24 |84.31
C, |8473 [86.07 [85.65 |85.48 |85.34 |84.61 |84.72 |[84.89 |85.03 [85.34 [85.18 |85.19a*
C, |84.73 |84.79 |84.88 |84.80 |84.66 |84.33 |84.52 |84.50 |84.70 |84.56 [84.70 [84.65b
A C, |[8377 [8375 [83.39 |83.64 |83.72 |83.89 |83.75 [83.79 |83.75 [83.82 [83.57 [83.71c
Ort. |84.41 |84.87 |84.64 |84.64 |84.57 [84.28 |84.33 |[84.39 [84.49 |84.58 |84.48 |84.52

CV: 1.23; **): Ayni harfle gdsterilen ortalamalar arasindaki farkliliklar %1’e gére dnemsizdir.

Kisa Lif Orani (%): Arastirmada kisa lif orani degerleri
tizerine yillar ve her iki y1l da gesitlerin etkisi 6nemli, SKxC
interaksiyonunun etkisi ilk yil i¢in 6nemli, diger faktorlerin
ve interaksiyonlarin etkisi 6nemsiz olmustur.  Tim
faktorlerin ortalamast olarak kisa lif orani 2021 yilinda
%6.47, 2022 yilinda ise %6.75 olarak belirlenmistir.
Aragtrmanin her iki yilinda da kisa lif orant bakimindan
cesitler arasinda en yiiksek degerler sirasiyla, %7.19 ve
%7.27 ile $ahin2000 ¢esidinde, en diisitk deger sirastyla,
%35.90 ve %6.28 ile Fiona ¢esidinde elde edilmistir. Yapilan
bazi ¢aligmalarda pamukta kisa lif orani bakimindan gesitler
arasinda 6nemli farkliliklar oldugu; De Mastro ve Lucarelli
(2000) %6.1-12.6 ; Kdken (2017), %6.8-8.7; Yilmaz vd.

oldugu bildirilmistir. Bu bulgular, bu aragtirma sonucunu
desteklemistir. Su kisiti ve cesitler arasinda olusan
interaksiyon arasturmanin ilk yilinda énemli bulunmus,
G, ve C, igin su kisitinin kisa lif orani degerlerini artirdigy,
C, i¢in ise azaltugr gozlemlenmistir. 2021 yilinda en
yitksek deger (%7.70) I, xC,, en disiik (%5.83) 1xC,
interaksiyonunda, 2022 yilinda ise, en yiiksek (%7.74)
[ xC,, en diisiik (%6.16) 1,xC, interaksiyonunda elde
edilmistir. Mert (2006), pamukta su stresinin kisa lif orani
degerlerini artirdiging; Unlii vd. (2011), kisintil sulamanin
kisa lif indeksini arturdiginy; Cordao Sobrinho vd. (2015),

tam sulamanin kisa lif indeksi degerleri {izerine 6nemli ve

T—
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pozitif etki ettigini; Avsar (2019), sulama artuginin kisa lif
orant degerlerinde artisa sebep oldugunu; Can (2017), kisa
lif oraninin ilk yil sulama diizeylerinden etkilenmez iken,
ikinci yil istatistiki agidan 6nemli seviyede etkilendigini;
Tiine (2016) ise, suluma suyu miktarinin kisa lif oranina
etkisinin 6nemli olamadigini bildirmislerdir. Sonug olarak,
farkli bolgelerde yiiriitiilmiis farkli ¢alismalardan, farkli
sonuglarin elde edildigi goriilmiis olup, bu arastirmalarin
sonuglariincelendiginde goriilen bu farkliliklarin; kullanilan
cesit, yil ve lokasyonlara gore degisen iklim sartlarindan
kaynakli olabilecegi diisiintilmistiir. Aragtirmada, hiimik
asit dozlarinin kisa lif oranina etkisi denemenin her iki
yilinda da 6nemsiz gikmis, benzer sekilde; Oren (2007)
ve Tarhan (2017), hiimik asit uygulamalari arasindaki
farkliligin  6nemli bir etkisi olmadigini bildirmislerdir.
Arastirmada en yiiksek kisa lif orani, 2021 yilinda %8.16
ile Sahin2000 ¢esidinde, 500 g/da hiimik asit dozu ve %50
su kasit uygulamasinda (I, xCxH, ), en diisiik %5.48 ile
Fiona ¢esidinde, 250 g/da hiimik asit dozu ve %25 su kisit1
,5) elde edilmistir. 2022 yilinda
ise, en yiiksek kisa lif oran1 %8.17 ile Sahin2000 ¢esidinde
hiimik asit uygulamasi yapilmadan %50 su kisit1 uygulanan
(I,,xC,xH,), en diisiik %5.86 ile Harem2 cesidinde, hiimik
asit uygulanmadan, %25 su kisiti uygulanan (I, xC,xH )
parsellerde elde edilmistir (Tablo 3.5).

uygulamasinda (I, xC xH
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Tablo.3.5 Kisa lif oran1 (%) ortalama degerleri ve LSD testi gruplar

2021 2022 Birlesik (2 Yil)
Su Kisitn | Cesit | Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
H, H,, |H,, |[Ort H, |H,, |H,, |Or H, H,, |H,, |Or
I Cl 6.19 5.51 5.80 |5.83d* 6.00 [6.38 |6.97 |6.45 6.10 5.94 6.39 |6.14
C2 6.14 6.14 6.52 627 cd 6.81 1629 691 6.67 6.47 6.21 6.72 | 6.47
C3 6.63 |7.42 |645 |6.83b 770 16.85 |7.08 |7.21 717 |7.13 |6.77 |[7.02
Ort. 632 ]635 [626 [6.31 6.84 16.51 [6.99 ]6.78 6.58 643 |6.62 |[6.55
I Cl 595 548 |6.11 [5.85d 6.04 [6.47 |598 |6.16 6.00 |5.97 |6.04 [06.00
C2 6.66 |6.64 [651 |6.60bc [5.86 (697 [6.17 [6.33 626 |6.80 |6.34 |[6.47
C3 754 1692 [6.61 |7.02b 6.71 16.78 |7.07 |6.85 712 [6.85 684 |[6.94
Ort. |672 |634 [6.41 [6.49 620 |6.74 [6.41 |6.45 646 654 [641 |[6.47
L, Cl 6.11 [6.09 |5.88 |6.03d 6.14 |16.30 |6.27 |6.24 6.13 1619 [6.08 [6.13
C2 627 1582 [6.18 |6.09¢d [696 (729 |[7.11 |[7.12 6.62 656 [6.64 |6.61
¢3 7.39 7.55 8.16 |7.70a 817 [7.51 [7.55 |7.74 7.78 7.53 7.86 |7.72
Ort. 659 649 [6.74 [6.61 7.09 |7.03 |6.98 |7.03 684 |6.76 |[6.86 |[6.82
CxHA (C1 6.09 |5.69 [593 |590c* |6.06 (638 |6.41 [6.28c* |6.07 |6.04 |6.17 |6.09
C2 636 620 |640 |632b 654 16.85 [6.73 |6.71b 645 653 657 |6.51
C3 719 |7.30 [7.07 |7.19a 753 |7.04 |7.24 |727a 736 |7.17 715 |7.23
Ort. |6.54 640 |[647 [6.47 6.71 16.76 [6.79 ]6.75 6.63 |6.58 [6.63 |[6.01

CV: 11.36 (2021), 9.18 (2022); *):Ayni harfle gosterilen ortalamalar arasindaki farkliliklar %5’e gore, **) %1’e gore dnemsizdir.

Elastikiyet (%): Yillar, her iki yilda ¢esitler, 2. yilda
SK ve SKxC interaksiyonunun lif elastikiyet degerlerine
etkisi 6nemli, diger faktorler ve interaksiyonlarin etkisi
onemsiz olmugtur. Tiim faktorlerin ortalamasi olarak lif
elastikiyeti 2021 yilinda %7.65, 2022 yilinda %7.48 olarak
belirlenmistir. Sulama suyu seviyeleri dikkate alindiginda;
2022 yilinda en yiiksek lif elastikiyeti (%7.61) tam sulama
(I) en disiik (%7.37) %25 su kisitt (I,,) konusunda elde
edilmistir. Hussein vd. (2011) ile Peynircioglu (2014), bu
denemenin ilk yil sonucuna benzer sekilde, kisitli sulama
uygulamasinin lif esnekligi degerlerinde 6nemli bir farkliliga
neden olmadigini bildirirken; Mert (2006) ve Avsar (2019)
sulanmayan kosullarda su stresinin lif elastikyetine iligkin
degerlerde 6nemli diizeyde azalmaya neden oldugunu
bildirerek, bu arastirmanin ikinci yilinda elde edilen

sonucu desteklemislerdir. Aragtrmanin her iki yilinda da
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gesitler arasinda en yiiksek elastikiyet sirasi ile, %8.15 ve
%7.93 ile Sahin2000, en distk ise sirast ile, %7.19 ve
%7.04 ile Fiona gesidinde belirlenmistir. Irget (2018), lif
esnekligi 6zellikleri yoniinden genotipler arasinda onemli
farkliliklar - oldugunu; Yilmaz vd., (2023), denemeye
alinan gesitlerde lif elastikiyetinin %6.56-9.20 arasinda
degistigini, en yiiksek lif elastikiyetinin Bomba (%9.20), en
diisiik Gloria ¢esidinden (%6.56) elde edildigini; ortalama
lif elastikiyetinin ise %7.79 oldugunu bildirmislerdir. Bu
bulgular, bu arastirmanin sonuglarint destekler nitelikte
olmustur. Lif elastikiyet degerleri bakimindan 2022 yilinda
gesitlerin su kisitt uygulamalari kargisinda gosterdikleri
degisim incelendiginde, en yiiksek deger (%8.27) 1 xC,,
en disiik (%6.98) I,.xC, interaksiyonunda belirlenmistir.
Denemenin ikinci

yilinda lif elastikiyeti agisindan

cesitlerin su kisitina verdikleri tepki degisiklik gostermistir.

>



Bu durumun, aragurmada kullanilan gesitlerin genetik
yapist ve denemenin yiritildigi yillar arasindaki
iklim kosullarinda goriilen farkliliklardan kaynaklanmig
olabilecegi diisiiniilmistiir. Calismada, hiimik asit dozlart
ve faktorler arasindaki interaksiyonlar ise her iki yilda da lif
elastikiyet degerlerini etkilememistir. Nitekim, bu sonuca
benzer sekilde; Oren (2007), hiimik asit uygulama gekli ve
dozununlifelastikiyeti iizerinde dnemlibir etkisi olmadigini,

Tarhan (2017), pamukta lif kopma uzamast bakimindan

M
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hiimik asit uygulamalari arasindaki farkliliklarin istatistiki
agidan 6nemli olmadigini bildirmislerdir. Arasturmada;
gerek 2021 gerekse 2022 yilinda en yiiksek lif elastikiyeti
(strastyla, %8.37 ve %8.49) Sahin2000 ¢esidinde, hiimik
asit uygulamasi olmayan, %25 su kisit uygulanan
(I ,xCxH,), en diisiik (sirastyla, %7.06 ve %6.89) Fiona
cesidinde hiimik asit uygulamasi yapilmayan, %25 su kisit
uygulanan ([, xC xH ) parsellerde elde edilmistir (Tablo
3.6).

Tablo.3.6 Lif elastikiyeti (%) ortalama degerleri ve LSD testi gruplar:

2021 2022 Birlesik (2 Yil)
Su Cesit | Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
Kisitn
H, H,, |H,, |Ort H, H,, |H,, Ort. H, H,., H,, |Ort
I Cl1 7.33 7.21 7.32 7.29 7.04 7.14 17.04 7.07 d* 7.18 7.18 7.18 |7.18
C2 7.87 7.29 7.50 7.56 7.63 7.37 |7.44 7.48 ¢ 7.75 7.33 747 |7.52
¢3 820 [8.13 |7.87 |[8.07 8.49 8.27 |8.04 8.27 a 834 820 |7.96 |8.17
Ore. |[7.80 |7.55 |7.56 |[7.64 7.72 759 |7.51 7.61a* |7.76 |7.57 |7.54 |7.62
L Cl1 7.06 |7.26 |7.09 |[7.14 6.89 698 [7.06 [6.98d 698 |7.12 |[7.08 |7.06
2 7.40 |7.41 |751 |[7.44 7.36 7.59 |7.40 7.45 ¢ 7.38 750 |7.46 |7.45
C3 837 |[8.06 832 (825 7.57 7.84 |7.65 7.68bc |7.97 |7.95 |7.98 |7.97
Ort. [7.61 [7.58 |[7.64 |7.61 7.27 7.47 737 |7.37b 7.44 752 |7.51 |7.49
L, Cl 7.07 |7.10 |7.31 |[7.16 7.24 6.99 [6.98 7.07d 7.15 |7.05 |7.14 |7.11
G2 783 |7.74 |7.73 |7.77 7.57 7.51 |7.40 7.49 ¢ 7.70 |7.62 |7.56 |7.63
C3 8.29 8.17 7.98 8.15 7.94 7.60 |8.00 7.84b 8.11 7.89 7.99 |8.00
Ort. |7.73 |7.67 |[7.67 |7.69 7.58 737 |7.46 |7.47ab |7.66 |[7.52 |7.56 |7.58
CxHA | Cl1 7.15 |7.19 |724 [7.19c* |7.05 7.04 |7.03 7.04c* |7.10 |7.12 [7.13 [7.12
C2 770 |7.48 |7.58 [7.59b 7.52 7.49 | 7.41 7.47 b 7.61 |7.48 |7.50 |7.53
C3 8.29 8.12 8.06 8.15a 8.00 7.90 |[7.90 7.93a 8.14 8.01 7.98 |8.04
Ort. |7.71 |7.60 [7.63 |7.65 7.52 7.48 |7.44 |7.48 7.62 |7.54 |7.54 |7.56

CV (%): 4.74 (2021), 3.93 (2022); *): Ayn1 harfle gosterilen ortalamalar arasindaki farkliliklar %5’e gére, **) %1’e gore dnemsizdir.

Parlaklik (Rd) (%): Arastirmada cesitler ve CxHA
interaksiyonunun lif parlaklik degerlerine etkisi 6nemli;
yillar, diger faktorler ve interaksiyonlarin etkisi ise 6nemsiz

bulunmugtur. Ele alinan fakeorlerin ortalamasi olarak
lif parlaklik degeri 2021 yilinda %79.13, 2022 yilinda

E—
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%79.30 olmustur. Arasurmada iki yilin birlesik analiz
sonuglarina gore, cesitler arasinda lif parlakligi en yiiksek
%79.81 ile Fiona, en diisitk %78.39 ile Harem2 cesidinde
belirlenmigtir. Yuka (2014) calismasinda, cesitler arasinda

lif parlakligi yoniinden istatistiki olarak 6nemli diizeyde




bir farklilik bulundugunu, degerlerin % 75.47-80.03
arasinda degistigini, ortalama % 77.95 oldugunu; Akiscan
vd. (2017), 42 pamuk genotipiyle yaptiklari ¢aligmada lif
parlakligi agisindan genotipler arasinda énemli farkliliklar
oldugunu; Altun (2020), farkli pamuk genotiplerinde
yapuklari calismada, lif parlaklik degerlerinin 70.68—
83.68 Rd arasinda degistigini bildirmislerdir. Bu bulgular,
arastirma sonucumuzu destekler niteliktedir. Bununla
birlikte bu sonugctan farkli olarak, Yasa (2022) tarafindan
yapilan aragtirmada, pamuk cesitleri arasinda parlaklik
degerleri acgisindan 6nemli farkliliklar olmamakla birlikte,
saptanan degerlerin % 71.10 ile % 71.62 araliginda degisim
gosterdigi  bildirilmigtir. Arasurma sonuglari arasinda
goriilen bu benzerlik ve farkliliklarin, kullanilan ¢esitler ve
cevre kosullarindan kaynakli olabilecegi dustiniilmiistiir.
Cesitx hiimik asit interaksiyonunun lif parlaklik degerlerine
etkisi onemli bulunmus; en yiiksek (%80.19) CxH,,, en
diisiik (%78.07) C,xH interaksiyonunda elde edilmistir.

M
6 'MUHENDISLIG

parlakligina etkisi ise aragtirmada 6nemsiz bulunmustur.
Benzer sekilde; Avsar (2019), lif parlaklik degerinin su
stresinden etkilenmedigini; Uzel (2019), sulama ve sulama
x gesit interaksiyonunda elde edilen lif parlaklik degerleri
arasindaki  farkliliklarin

oldugunu bildirmiglerdir. Bu aragtirma sonucunda, hiimik

istatistiksel ~olarak énemsiz
asit dozlarinin da lif parlaklik parametresine etkisi 6nemsiz
bulunmus, ayni sekilde, Tarhan (2017), lif parlaklik
degerinin hiimik asit uygulamalarindan etkilenmedigini
bildirmistir. Bununla birlikte, bu arastirma sonucunda,
gesit x hiimik asit interaksiyonu 6nemli olmus; C, ve C,
cesitlerine ait parlaklik degerleri hiimik asit dozlarinda
artarken, C, cesidinde azalmus, gesitlerin hiimik asit
dozlarina farkli tepki verdikleri belirlenmistir. ki yila ait
birlesik verilere gore, lif parlaklik degeri en yiiksek %80.52
ile Fiona ¢esidinde, 250 g/da hiimik asit ve %50 su kisitt

uygulanan (I, xC xH ) parsellerde belirlenirken, en diisiik

250

%77.53 ile Harem2 c¢esidinde, hiimik asit uygulamast

Sulama suyu seviyeleri, hiimik asit ve CxHA interaksiyonu  yapilmayan, tam sulanan (I xCxH ) parsellerde elde

edilmistir (Tablo 3.7).

hari¢ faktorler arasindaki diger interaksiyonlarn lif

Tablo.3.7 Parlaklik (%) ortalama degerleri ve LSD testi gruplar:

2021 2022 Birlesik (2 Yil)
Su Cesit Hiimik Asit (g/da) Hiimik Asit (g/da) Hiimik Asit (g/da)
Kisit
HO HZSO H500 Ort' HO HZSO HSOO Ort' HO H250 HSOO Ort.

I C1 79.5 804 |794 |79.8 |79.9 ]80.2 |79.6 |799 |79.7 80.3 79.5 79.8
C2 77.6 78.6 |78.9 783 |77.5 |77.3 |78.7 |77.8 77.5 77.9 78.8 78.1
C3 79.5 [79.1 |79.5 |79.4 |80.1 |79.7 |78.7 |79.5 |79.8 79.4 79.1 79.5
Ort. 789 1794 (793 |79.2 |792 [79.1 |79.0 [79.1 [79.0 79.2 79.1 79.1

L. Cl1 79.8 79.6 1792 |79.5 |789 |79.9 |80.1 [79.7 |79.4 79.8 79.7 79.6
2 78.2 78.3 |78.7 [784 |78.5 |78.7 |[78.6 |78.6 |78.4 78.5 78.6 78.5
C3 79.7 79.6 |78.0 |79.1 |79.6 |781 |79.6 |79.1 |79.7 78.9 78.8 79.1
Ort. 79.3 792 |78.6 |79.0 |79.0 |789 |794 |79.1 |79.1 79.1 79.0 79.1

Iso C1 79.7 80.1 |79.7 |79.8 |79.6 81.0 [80.1 |80.2 79.7 80.5 79.9 80.0
2 78.2 78.6 |78.3 |784 |78.5 |[79.3 |78.9 |78.9 78.3 78.9 78.6 78.6
G3 79.6 789 1799 |79.5 |80.1 |79.7 |80.5 [80.1 |79.9 79.3 80.2 79.8
Ort. 79.2 792 1793 |79.2 |794 |80.0 |79.8 [79.7 |79.3 79.6 79.6 79.5

CxHA [ Cl1 79.7 80.0 |79.4 |79.7 |[79.4 |80.4 |79.9 |79.9 79.6b* |[80.2a 79.7 ab 79.8 a**
2 78.0 78.5 |78.6 |78.4 |782 |[784 |78.7 |78.4 |[78.1d 78.4d 787cd |[78.4Db
G3 79.6 792 179.2 1793 |799 |79.2 |79.6 |79.6 |79.8ab [79.2bc [79.4b 79.5a
Ort. 79.1 792 179.1 |79.1 |79.2 |79.3 |794 |79.3 |79.1 79.3 79.2 79.2

CV (%): 1.17; *): Ayn1 harfle gosterilen ortalamalar arasindaki farkliliklar %5’e gére, **) %1 e gore dnemsizdir.
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Sarilik (+b): ki yil verilerinin birlesik analiz
sonuglarina gore; yillar, her iki yilda da cesitler arasindaki
farkliliklarin lif sarilik degerlerine etkisi 6nemli, diger
faktorler ve interaksiyonlarin etkisi 6nemsiz bulunmustur.
Ele olarak 2021
yilinda ortalama 7.95 +b, 2022 yilinda 9.29 +b olarak
belirlenmigtir. Aragtirmanin ilk yilinda (2021), cesitler
arasinda lif sarilif1 en yiiksek 8.16 +b ile $ahin2000, en
diisitk (7.70 +b) ise Fiona cesidinde elde edilmistir. 2022
yilinda ise, en yiiksek (9.59 +b) C,, en diisiik (8.85 +b) C,
cesidinde tespit edilmistir. Akigcan vd. (2017), lif sariligt

alinan tiim faktorlerin  ortalamasi

ozellikleri yéniinden genotipler arasinda onemli farkliliklar
oldugunu; Altun (2020), pamuk genotiplerinde lif sarilik
degerlerinin 6.17-9.79+b arasinda degistigini; Yilmaz vd.
(2023), lif sarilik 6zelliklerinin istatistiksel olarak énemli
oldugunu, denemeye alinan gesitlerin lif sariliginin 7.66-
8.96+b arasinda degistigini, ortalama 8.25+b oldugunu
bildirmigtir. Bu bulgular, bu aragturmanin sonucunu
destekler nitelikte bulunmugtur. Yuka (2014) ise, pamuk
cesitlerinin ortalama lif sarilik degerinin 7.10-7.90+b
arasinda degistigini, ortalama 7.55+b oldugunu ve lif
sarilik degeri yoniinden gesitler arasinda 6nemli diizeyde

farklilik olugsmadigini bildirmistir. Bu bulgu, bu arastirma
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sonucu ile farklilik gstermekte olup, bu durumun gevresel
sartlar ve cesitlerden kaynakli olabilecegi diistiniilmiistiir.
Aragtirmada, sulama suyu seviyeleri, hiimik asit dozlari ve
faktorler arasindaki interaksiyonlarin lif sarilik degerleri
iizerine etkileri istatistiki olarak onemli olmamistir. Bu
konuyla ilgili yapilan caligmalar irdelendiginde; Kiling
(2020), lif sariligr  yoniinden, genotipler arasindaki
farkliliklarin istatistiksel olarak 6nemli oldugunu, ancak, su
kisitivesukisitix genotip interaksiyonu degerlerinin 6nemsiz
oldugunu; Tarhan (2017), lif parlaklik degerinin hiimik
asit uygulamalarindan 6nemli diizeyde etkilenmedigini
bildirmiglerdir. Bu bulgular, aragurma sonucumuzu
destekler niteliktedir. 2021 yilinda lif sarilig1 en yiiksek
(8.45+b) $ahin2000 cesidinde, 500 g/da hiimik asit ve
), en diisiik (7.44+b)

Fiona ¢esidinde, hiimik asit uygulamast yapilmayan, %25

%25 su kusitt uygulanan (I, xCxH,
su kisitt uygulanan (IxC xH,) parsellerde elde edilmistir.
2022 yilinda ise lif sariligr bakimindan en yiiksek deger
(9.87+b) Harem?2 cesidinde, hiimik asit uygulanmadan,
%25 su kisin uygulanan (IxCxH ), en disik deger
(8.60+b) Fiona ¢esidinde, hiimik asit uygulanmayan ve
tam sulama yapilan (I xC xH) parsellerde tespit edilmistir
(Tablo 3.8).

Tablo.3.8 Sarilik (+b) ortalama degerleri ve LSD testi gruplart

2021 2022 Birlesik (2 Yil)
Su Cesit Hiimik Asit (g/da) Hiuimik Asit (g/da) Hiimik Asit (g/da)
Kisiti
HO H250 H500 | Ort. HO H250 [H500 | Ort. HO [H250 [ H500 | Ort.
10 Cl1 7.76 7.61 7.49 7.62 8.60 8.96 8.76 8.77 8.18 | 8.28 8.13 8.20
2 8.12 7.79 8.04 7.98 9.87 9.87 19.46 ]9.73 9.00 | 8.83 |8.75 |[8.86
C3 8.25 8.17 8.07 8.16 9.33 936 [9.36  [9.35 879 18.76 |8.72 |[8.76
Ort. |8.05 7.86 7.87 7.92 9.27 939 19.19 19.29 8.66 |8.62 [853 |8.60
125 Cl 7.44 8.02 7.56 7.67 8.63 895 19.19 |8.92 8.04 |8.49 |8.37 |[8.30
2 7.89 7.83 7.89 7.87 9.63 9.67 19.45 ]9.58 8.76 |8.75 |8.67 |8.73
¢3 8.06 8.18 8.45 8.23 9.47 9.25 [9.54 |9.42 8.77 1871 19.00 |8.83
Ort. |7.80 8.01 7.97 7.93 9.24 9.29 9.39 9.31 8.52 | 8.65 8.68 8.62
150 Cl 7.74 7.92 7.76 7.81 8.90 9.00 |8.69 |8.86 8.32 1846 |8.22 |[8.34
C2 8.00 8.10 8.20 8.10 9.47 9.49 9.43 9.46 8.73 | 8.80 8.82 8.78
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¢3 8.13 7.84 8.25 8.07 9.44 9.48 |[9.48 9.47 8.79 18.66 |[8.87 |8.77
Ort. [7.96 7.96 8.07 7.99 9.27 9.32 [9.20 9.26 8.61 | 8.64 |8.64 |8.63
CxHA | Cl1 7.65 7.85 7.60 7.70 b** | 8.71 8.97 |8.88 8.85c¢** |8.188.41 |8.24 |8.28
C2 8.00 7.91 8.04 7.99 a 9.66 9.68 |[9.44 9.59a 8.8318.79 |8.74 |8.79
¢3 8.15 8.06 8.26 8.16a 9.41 9.36  |9.46 9.41b 8.78 18.71 [8.86 |8.79
Ort. |7.93 7.94 7.97 7.95 9.26 9.34 |[9.26 9.29 8.60 | 8.64 [8.62 |[8.62

CV (%): 4.30 (2021); 3.49 (2022); **): Ayn1 harfle gosterilen ortalamalar arasindaki farkliliklar %1’e gore 6nemsizdir.

4. Sonug

Farkli pamuk c¢esitleri, sulama diizeyleri ve hiimik
asit dozlart ile Aydin Ili Nazilli lgesi'nde iki yil siireyle
gerceklestirilen bu aragtirmada incelenen bazi lif kalite
parametrelerine ait elde edilen sonuglarin degerlendirilmesi
neticesinde; yillarin incelik, mukavemet, elastikiyet, kisa
lif orani ve lif sarilik degerlerini 6nemli dlciide etkiledigi
belirlenmigtir. Bu durumun iki deneme yili arasinda
iklim kosullar1 agisindan olusan degisimden kaynakli
olabilecegi disiintilmistiir. Bunun yaninda uzunluk,
uniformite ve parlaklik degerlerine yillarin etkisi 6nemsiz
olurken, incelenen tiim lif kalite parametreleri icin
cesitlerin etkisi onemli, su kisiunin lif uzunluguna ve
2022 yilt igin lif elastikiyetine, SKXC interaksiyonunun
2021 yili icin kisa lif orani, 2022 yili icin lif elastikiyetine,
CXHA interaksiyonunun ise lif parlakligina etkisinin
onemli oldugu bulunmustur. Bu baglamda; pamuk lif
kalite parametrelerindeki degisimin ¢esitlerin genotipik
yapisindan kaynaklanabildigi gibi, yetistirme kogullar:
ve cevre kosullarindan da kaynaklanabilecegi kanist
olusmusgtur. Arastirmada tiim uygulamalarin ortalamasi
olarak en iyi uzunluk (30.2 mm), mukavemet (35.8 gtex),
uniformite orani (%85.1), kisa lif orani (%6.1), parlaklik
(%79.8), sarilik (8.3 b+) Fiona ¢esidinde, incelik (4.6 mic.)
ve elastikiyet (%8.0) Sahin2000 ¢esidinde elde edilmistir.
Bununla birlikte; en yiiksek lif uzunlugu degeri (31,2
mm) tam sulama konusunda belirlenmis, sayisal olarak
parlaklik ve sarilik disinda ele alinan biitiin lif konulart
icin en iyi sonuglar tam sulama konusunda belirlenmistir.
Bu sonuglara gore, bolgede lif kalitesi acisindan Fiona

cesidi ile tam sulama uygulamast onerilebilir. Ancak ele
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alinan konulardan hiimik asitin denemede uygulanan
dozlarinin lif kalitesine giiglii bir etkisi goriilememistir.
Ele alinan tiim faktorler (su kisiti, cesit, hiimik asit) ve bu
fakeorler arasindaki interaksiyonlarin lif kalitesi tizerindeki
etkilerinin daha iyi anlagilabilmesi icin, farkli toprak
kogullarinda, daha cok ¢esit ve uygulama dozu ile daha
uzun yillart igine alan ¢alismalar yapilmast bu arastirma
sonuglarinin daha giivenilir, daha net ortaya konulabilmesi,
daha dogru 6nerilerde bulunulabilmesi agisindan 6nem arz

etmektedir.
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(strastyla 2435.0 kg da”!, 865.8 kg da!, 81.8 kg da™ ve 542.5 kg

da',), en yiiksek ham protein orani ise Karma 2000 (sirastyla

%10.1 1) ¢esidinden elde edilmistir. En yiiksek ADF ve NDF

oranlarint Melez 2001 cesidi (strastyla %37.1 ve % 58.0), en

diisitk ADF oranini Karma 2000 (%31.7) cesidi, en diisiik

NDF oranini ise Presto ¢esidi (%51.8) vermistir. Arastirma

sonuglarina gore yiiksek verimli gesit olan Presto, diisitk ADF

ve NDF igerigiyle kalite kriterleri yoniinden de one ¢tkmaktadir.

Kirsehir ve benzer ekolojilerde verim ve kalite 6zellikleri dikkate

alindiginda Presto tritikale cesidinin yetistiriciliginin uygun

olabilecegi soylenebilir.
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Abstract

This study was conducted to identify suitable triticale
varieties under the ecological conditions of Kirsehir, using
a randomized block design with three replications during
the 2018-2019 growing season. The research examined the
green and dry forage yields, crude protein content and yield,
ADE NDE, digestible dry matter content and digestible
dry matter yield of the triticale varieties Alper Bey, Karma
2000, Melez 2001, Presto, Tatlicak 97, and Umran Hanim.
The highest yields of green forage, dry forage, crude
protein, and digestible dry matter were obtained from the
Presto variety (2435.0 kg da’, 865.8 kg da’', 81.8 kg da-
', 542.5 kg da’!, respectively). The highest crude protein
content was found in the Karma 2000 variety (10.1%). The
Melez 2001 variety had the highest ADF and NDF values
(37.1% and 58.0%, respectively), while the lowest ADF
value was observed in Karma 2000 (31.7%) and the lowest
NDF value in Presto (51.8%). According to the research
results, the high-yielding Presto variety also excels in terms
of quality criteria due to its low ADF and NDF content.
Considering the yield and quality characteristics in Kirgehir
and similar ecologies, it can be said that the cultivation of

the Presto triticale variety might be suitable.

Keywords: Triticale, Crude protein, ADE NDE,
Digestible dry matter yield

1. Giris

Bir bugday ve cavdar melezi olan tritikale, ¢avdarin
ekstrem ¢evre kosullarina dayanikliligini genetik olarak
tritikaleye tagimak ve bugdaya alternatif bir gida triini
olarak diisiiniilse de son yillarda kaba yem icin alternatif
bir bitki konumuna gelmistir (Baron, Juskiw ve Aljarrah,
2015). Yulaf, arpa, bugday, cavdar ve tritikale gibi
tahillar, genellikle taneleri icin yetigtirilmekte ve kurak
bolgelerde kuru ot amaciyla kaba yem iretiminde de
kullanilmaktadirlar (Cagan ve Kokten, 2019). Tahillarin
adaptasyon kabiliyetlerinin yiiksek olmasi, yetistiriciligin
kolay olmast ve tariminin iyi bilinmesi, tarla tarimi

icerisinde kaliteli kaba yem {iretimi icin yetistirilmelerinde
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avantaj saglamaktadir. Nitekim tritikale, kuraga ve soguga
dayanikliligt sayesinde, marjinal alanlar1 bugday, arpa
ve yulafa gore daha iyi degerlendirmektedir. Tanesi igin
yetistirilmesi yaninda hayvan otlatma, silaj ve kuru ot

tiretimi igin yetistiriciligi de giderek yayginlasmakreadir.

Hayvancilik agisindan iyi bir yem kaynagi olan
tritikalenin, yem kalitesinin ¢avdar ve bugdaydan daha iyi
olmasi, bugdaydan en az %20 daha fazla kuru ot verimi
saglamasi 6nemini artirmakeadir (Kaplan, Yilmaz ve Kara,
2014; Z Mut, Ayan ve Mut, 2006). Karabulut ve Cagan
(2018) Bingdl kosullarinda bazi tahil tiirleri ile yaptklar:
arastirmada tritikalenin yas ot, kuru ot ve ham protein
verimi bakiminda 6ne ¢ikugini ifade etmislerdir. Lermi
ve Palta (2018), Bartin kosullarinda Karma 2000, Melez
2001, Presto, Tatlicak 97 ve Mikham 2002 cesitleri ile
yaptiklari ¢alismadan en yiiksek yas ve kuru ot ile ham
protein verimini Presto cesidinden elde etmislerdir. Onal
ve Egritas (2017) Tatlicak 97 ¢esidinin iki yillik ortalama;
kuru ot verimini 532.2 kg da’, ham protein oranint %
11.7, ham protein verimini 58.6 kg da’, ADF oranint %
37.4 ve NDF oranini 61.5 kg da belirlemislerdir.

Tiirkiye ekolojik kosullarinda bir¢ok yem bitkisinin
yetistiriciligi yapilabilmektedir. Tritikalede, kaba yem
agiginin azaltulmasinda kullanilabilecek alternatif bir yem
bitkisi konumundadir. Ancak bolgeye uygun, dogru gesit
secimi  tritikale  yetigtiriciliginin  yayginlasurilmasinda
biiyiik 6nem tagimaktadir. Bu ¢aligma ile Kirgehir ekolojik
kosullarinda  yetistirme potansiyeli olabilecek iiretim
iznine sahip ve tescilli Tritikale gesitlerinin verim ve kalite

ozellikleri incelenmistir.

2. Materyal ve Metot

Bu aragtirma, 2018-2019 yetistirme sezonunda karasal
iklimin hiikiim stirdtigii Kirsehir ekolojik kosullarinda (39°
08 K, 34° 06’ D ve 1084 m yiikseklik) yurtitilmiistiir.
Aragtirmada materyal olarak Alper Bey, Karma 2000, Melez
2001, Presto, Tatlicak 97 ve Umran Hanim olmak iizere
toplam alti adet tritikale cesidi kullanilmigtir. Alper Bey

ve Umran Hanim cesitleri 6zel tohumculuk firmasindan,




Karma 2000 ve Presto ¢esitleri Gegit Kusagi Tarimsal
Aragtirma  Enstitiisit Mudirlagiinden, Melez 2001 ve
Tatlicak 97 cesitleri ise Bahri Dagdas Uluslararast Tarimsal
Aragurma Enstitisi Mudirligiinden temin edilmistir.
Aragtirmanin yiriitildigi topraklarin pH’st 8.1 ile hafif
alkali, stritkeiirii unli 6zellikee, kireg icerigi (%38.21) ve
yarayisli potasyum icerigi cok fazla (148.5 kg da™), yarayish
fosfor orta diizeyde (6.3 kg da), organik maddesi igerigi
ile organik maddece diisiik (%1.00) 6zelliktedir (Karaman,
2012).

toplam yagis mikeart ile nispi nem degerleri uzun yillar

Aragturmanin  yiricildigi  yilda  gerceklesen

ortalamalarindan diisiik, ortalama sicaklik degerleri ise

uzun yillar ortalamasinin tizerinde gerceklesmistir (Tablo

1).

Tablo 1. Kirsehir ilinin iklim verileri

Yagis (mm) Nispi Nem, (%) Sicaklik (°C)
Aylar 2018-19|(UYO | 2018-19| UYO |2018-19| UYO
Ekim 41.4 30.4 62.3 62.7 14.4 13.1
Kasim 21.0 41.6 66.8 72.4 8.2 6.3
Aralik 101.1 47.1 81.4 79.0 3.3 2.0
Ocak 42.2 44.3 79.3 79.0 0.8 -0.1
Subat 42.8 31.6 71.4 74.1 4.2 1.3
Mart 10.2 36.7 56.4 67.2 6.3 5.6
Nisan 29.0 42.4 64.0 63.3 9.7 10.9
Mayis 17.1 45.6 52.7 61.3 17.5 15.4
Ort/
Toplam | 3048 [319.6| 668 | 609 | 8.1 6.8

* Iklim verileri; T.C. Cevre, Sehircilik ve Iklim Degisikligi
Bakanligs, Kirsehir Meteoroloji Miidiirliigi alinmisur. U.Y.O :

Uzun Yillar Ortalamasi

Aragturma tesadiif bloklari deneme desenine gore ii¢
tekrarlamali olarak yiiriitiilmistiir. Arastirma materyali

tritikale cesitleri parsellere, 20 cm sira araliginda, 6 sira
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ve m”ye 500 tohum (Z Mut vd., 2006) olacak sekilde,
markorle acilmig siralara elle ekilmistir. Ekimle birlikte
6 kg da' P O, ve 4 kg da' N, kardeslenme-sapa kalkma
doneminde 4 kg da’ N giibre uygulanmustr (Aydin,
2009). Tritikale ¢esitlerinin ekiligleri Ekim ayinin ikinci
haftasinda, hasat islemleri ise 25 Mayis 2019 tarihinde
gerceklestirilmistir. Bitkiler ¢igeklenme donemindeyken her
parsel kenarlarindan birer sira, parsellerin bas ve sonundan
50 cm’lik kistmlart kenar tesiri olarak atlmistir (Gogmen
ve Parlak, 2017) ve geriye kalan alan trpanla bigilerek
tartildiktan sonra dekara yas ot verimleri hesaplanmistir.
Hasat islemi sirasinda her parselden alinan 6rnekler 65°C ‘de
agirligy sabit kalincaya kadar kurutulmus ve tarularak kuru
madde oranlart hesaplanmistir (Lermi ve Palta, 2018). Tespit
edilen kuru madde oranlariyla yas ot verimlerinin ¢arpilmast
sonucunda kuru ot verimleri belirlenmistir. Tritikale
cesitlerinin azot igerikleri Kjeldahl metoduyla belirlenmis
ve bu degerler 6.25 katsayisiyla carpilarak ham protein
oranlar1 elde edilmistir (AOAC, 2005). Kuru ot verimleri
elde edilen ham protein oranlari ile ¢arpilmasi sonucunda
ham protein verimleri hesaplanmisur. Asit deterjanda
coziinmeyen lif (ADF) ve notr deterjanda ¢6ziinmeyen lif
(NDF) icerikleri Van Soest, Robertson ve Lewis (1991)
tarafindan bildirilen metoda gore ANKOM200 Fiber analiz
cihazinda yapilmistir (Anonymous, 2020). Sindirilebilir
Kuru Madde Orani Horrocks ve Valentine (1999), (SKMO
=88.9-0.779x%ADF); tarafindan ifade edilen esitliklerden
Sindirilebilir kuru madde

oranlart kuru ot verimleri ile ¢arpilarak sindirilebilir kuru

yararlanilarak belirlenmistir.

madde verimleri hesaplanmistir. Arastirmadan elde edilen
sonuglar, MSTAT-C istatistiki paket programi kullanilarak
tesadiif bloklar1 deneme desenine gore varyans analizine
tabi tutulmus ve elde edilen veriler arasindaki farkliliklar
LSD (Least Significant Difference) testiyle kargilastirilmistir
(Petersen, 1994).

3.Bulgular ve Tartigma

Arastirmada incelenen verim ve kalite 6zellikleri
bakimindan tritikale cesitleri arasinda farklilik ise istatistiksel
olarak cok 6nemli (P<0.01) bulunmustur (Tablo 2).
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Tablo 2. Baz tritikale cesitlerinin verim ve kalite 6zellikleri

. YOV KOV HPO HPV ADF NDF SKMO SKMV
Cesit (kgda’) | (kgda™) (%) (kg da ) (%) (% (%) (kg da )
Alper Bey 2321.7|b  |612.4 |de 8.2]c |50.0]c 34.1|bc_ [56.3 |b 62.4|bc 381.8|cd
Karma 2000 2246.8|bc |736.7 |bc 10.1|a 74.6| b 31.9|d 54.4 |cd 64.1|a 472.1|b
Melez 2001 1939.2 |e 576.7 |e 7.3|d |42.3]|d 37.1|a 58.0 |a 60.0|d 346.0|d
Presto 2435.0a 865.0 |a 9.5|b | 81.8]a 33.6|c 51.8 |e 62.7|b 542.5|a
Tatlicak 97 2084.2|d [675.0 | cd 8.4|c |56.4|c 36.7 |a 55.1 |c 60.3|d 407.4 | c
Umran Hanim | 2179.2|cd  |754.2 [b 9.6|b |72.4]|b 34.6(b 53.8 |d 62.0|c 467.1| b
Ortalama 2201.0 703.3 8.9 62.9 34.7 54.9 61.9 436.2
VK (%) 2.72 5.20 1.76 5.64 1.21 1.06 0.53 5.48
LSD .. 108.9" 665" 0.3" 65" 0.8 11" 0.6" 435"

" Ayni satir ierisinde benzer harflerle gosterilen ortalamalar P<0.01 hata sinirlart igerisinde birbirinden farksizdir. V.K: Varyasyon
Katsayist, LSD: Least Significant Difference, YOV: Yas Ot Verimi KOV; Kuru Ot Verimi, HPO: Ham Protein Orani, HPV: Ham
Protein Verimi, ADF: Asit Deterjanda Lif, NDF: Nétr Deterjanda Lif, SKMO: Sindirilebilir Kuru Madde Orani, SKMV: Sindirilebilir

Kuru Madde Verimi

Tritikale gesitlerinin yas ot verimleri 1939.2-2435.0 kg
da’ arasinda degisim gostermistir. En yiiksek yas ot verimi
Presto cesidinden en diisitk ise Melez 2001 cesidinden
elde edilmistir (Tablo 2). Farkli ekolojiklerde tritikale ile
yuriitiilen calismalarda 947 ile 4776 kg da™ arasinda yas
ot verimi kaydedilmistir (Aydin, 2009; Kaplan vd., 2014;
Lermi ve Palta, 2018). Sonuglar arasinda kaydedilen bu
farklilik aragtirmalarin  ytiriictildigin  yorelerin - ekolojik
farkliligina ve genotip farkliligindan  kaynaklanabilir
(Aydin, 2009; Ozer ve Miilayim, 2007) Bitki yetisme
kosullarinin iyi oldugu yerlerde yiiksek verim beklenirken,
kisitlt gevrelerde diisiik verim degerlerinin elde edilmesi
beklenen bir sonugtur. Diger yandan farkli ekolojilerde
farkli genotiplerin daha yiiksek verimli olmasi konu olan
genotipin cevreye tepkisi ile ilgili bir durumdur. Cinki
bitkilerde verim genetik yap1 arti ¢evrenin bir Griintidir
(Kizilgegi, Akinci, Albayrak ve Yildirim, 2017; Zeki Mut,
Kose ve Ozge, 2018). Nitekim Kaplan vd. (2014) yapug:
calismada Kahramanmaras kosullarinda en yiiksek yas ot
verimine ulagsan Melez ¢esidi, bu ¢alismada diger ¢esitlerin

gerisinde kalmustr.

Kuru ot verimleri bakimindan tritikale cesitleri i¢inde
Melez 2001 en diisiik (576.7 kg da'), Presto ¢esidi ise en
yiiksek (865.0 kg da™) verimin elde edildigi cesitler olmugtur
(Tablo 2). Yiiksek yas ot verimi degerlerinin elde edildigi
Presto ¢esidinden dogal olarak da yiiksek kuru ot verimi
elde edilmigtir. Kuru ot verimleri yas ot verimleri iizerinden

hesaplandigindan, yas ot verimi bakimindan yiiksek verim

—
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degerlerine ulasan cesitlerden kuru ot veriminde de yiiksek
degerler vermesi beklenen bir durumdur (Karabulut ve
Cacan, 2018). Arastirmacilar, tritikale hat ve gesitlerin kuru
ot verimlerini ile ilgili yapilan ¢aligmalarda 340.3-1431.1
kg da' arasinda kuru ot verimi belirlemislerdir (Aydin,
2009; Kaplan vd., 2014; Kiligalp, Ozkurt ve Karadag,
2020; Lermi ve Palta, 2018). Arastirmalara arasindaki bu
farkliklar, fakli iklim ve toprak o6zellikleri sahip yerlerde
yirtitiilmesi (Cagan ve Kékten, 2019), arastirmalarda farkls
hat ve cesitlerin kullanilmasi ile bunlarin farkli ekolojik
kosullar altundaki farkli genotip ¢evre interaksiyonlart
gostermelerinden  kaynaklanabilir  (Albayrak, Mut ve
Toéngel, 2006). Nitekim Melez 2001 ¢esidinden Binggl
kosullarinda yiiksek (Kaplan, Kokten, Ak¢ura, Bakoglu ve
Kavurmaci, 2011), Barun ekolojik kosullarinda ise diisitk

kuru ot verimi elde edilmistir (Lermi ve Palta, 2018)

% 7.3-10.1

arasinda degismistir. En diisiik ham protein orani Melez

Arastrmada, ham protein oranlar

2001, en yiiksek ham protein orani ise Karma 2000
cesidinden elde edilmistir (Tablo 2). Yemlerin kalitesinin
degerlendirilmesinde ham protein orani 6nemli bir
gostergedir (Assefa ve Ledin, 2001; Cagan ve Kokten,
2019). Nitekim Senel (1986) ham protein oraninin yem
rasyonlarinda en az % 6 oraninda olmasi gerektigini ifade
etmigtir. Genotiplerin yillara ve cevreye gore farklilik
gostermesi nedeniyle genotip-gevre interaksiyonu verdigi
tepkiler agisindan uygun cesitlerin  secimi son derece
onemlidir (Akgiin ve Alundal, 2011).




Farkli arastirmacilar aralarinda Tatlicak 97, Melez 2001,
Karma 2000 ve Presto ¢esitlerinde oldugu calismalarda ham
protein oranlarini %6.9-11.0 araliginda belirlemiglerdir
(Kaplan vd., 2011; Lermi ve Palta, 2018). Farkl: ekolojilerde
farkli ham protein oraninin elde edilmesi bitkinin genetik
potansiyeli yaninda, sulama giibreleme gibi kiiltiirel
faktorlerle; iklim, sicaklik gibi ¢evresel faktorler tarafindan
da etkilenmektedir (Kaplan vd., 2014).

Tritikale cesitlerinin ham protein verimleri degerleri
42.3-81.8 kg da! arasinda degisim gostermis ve en disiik
ham protein verimi Melez 2001, en yiiksek ham protein
verimi ise Presto cesidinden elde edilmistir (Tablo 2). Ham
protein verimleri ham protein orani ve kuru ot verimleri
tizerinden hesaplandigindan, ham protein orani ve kuru
ot verimindeki degisimler ham protein verimini dogrudan
etkilemistir (Karabulut ve Cacan, 2018; Lermi ve Palta,
2018). Nitekim ham protein oranin ve kuru ot verimi yiiksek
olan gesitlerin ham protein verimleri de yiiksek olmustur.
Farkli ekolojiklerde tritikale ile yiirtitiilen ¢alismalarda 76
ile 163.3 kg da" arasinda ham protein verimi belirlenmistir
(Cagan ve Kokten, 2019; Kaplan vd., 2011). Caligmalar
arasindaki farkliliklar genotip ve ekolojik olmasi (Bulut ve
Bagaran, 2023) yaninda farkl: yetistirme tekniklerinden de
kaynaklanabilir

Aragtirma materyalinin ADF oranlar1 % 30.2-34.8
arasinda degisim gostermis ve Melez 2001 c¢esidiyle
birlikte Tatlicak 97 ¢esidi yiiksek ADF oranin elde edildigi
istatistiki grubu olustururken, Karma 2000 ¢esidi de en
diisiik ADF oraninin elde edildigi ¢esit olmustur (Tablo
2). Kaba yemlerde ADF ve NDF degerleri 6nemli kalite
gostergelerindendir (Assefa ve Ledin, 2001). Hiicre duvar:
yapisindaki seliiloz ve ligninden olusan ADE kaba yemin
sindirilebildiginin en ©6nemli gostergelerinden  biridir
(Yavuz, 2005). Kutlu (2010)’ya gére de diisitk ADF oranina
sahip kaba yemlerin sindirilebilirligi daha yiiksekeir. Farkls
ekolojilerde yiiriitiilen ¢aligmalarda ADF oraninin %
31.73-45.2 arasinda degistigi bildirilmistir (Kaplan vd.,
2011; Onal ve Egritas, 2017) Bitkilerin gelisimi ¢evre
x genotip faktdrleri yaninda tarimsal uygulamalar ve
hasat zamanindan etkilenmesi sonucunda, cesitler farkli
ekolojilerde farkli sonuglarin alinmasina sebep olmustur
(Bulut ve Basaran, 2023)

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

M
@ 'MUHENDISLIG

Aragtrmada kullanilan ¢esitlerin NDF oranlart %
51.8-58.0 arasinda degisim gostermis, Presto ¢esidinden en
diisiik, Melez 2001 ¢esidinden ise en yitksek NDF oranin
elde edilmistir (Tablo 2). Hiicre duvarinin tamaminda
yer alan NDE seliloz, hemiseliiloz, lignin, kiitin ve
¢oziinmeyen proteinden olusmaktadir (Yavuz, 2005). NDF
degeri kaba yemlerin hayvanlar tarafindan titketimi ile
yakindan ilgilidir. Kaba yemlerdeki NDF orani azaldikea,
hayvanlarin kaba yem tiiketimi artmaktadir (Zeki Mut vd.,
2018; Van Soest vd., 1991). Farkli ekolojilerde yiiriitiilen
calismalarda NDF oraninin %40.1-61.5 arasinda degistigi
rapor edilmigtir. Ortaya ¢ikan bu farklilik yérenin iklim
ve toprak ozelliklerine gore degisebilecegi (Cacan ve
Kokten, 2019) gibi, yetistirme teknigi (Aydin, 2009;
Emel ve Miilayim, 2007), bi¢im zamanina (Kése, Mut ve
KardeG, 2019; Tan ve Serin, 1997) ve genotipe (Albayrak
vd., 2006; Bulut ve Bagaran, 2023) gore de degisebilir.
Nitekim bu ¢alismada ele alinan genotipler arasinda NDF
orant yoniinden kaydedilen farkliliklar genetik yapidaki
farkliklardan kaynaklanabilir.

Arasurmada  kullanilan  tritikale  gesitlerinin
sindirilebilir kuru madde oranlar1 % 60.0-64.1 arasinda
degisik gostermis, Melez 2001 en diisiik, Karma 2000 ise
en yiiksek SKM oranin elde edildigi ¢esitler olmuglardir.
ADF oranlarinin faydalanilarak hesaplanan SKM ile ADF
oranlari arasindaki ters oranti tritikale cesitlerinde de
goriilmekeedir. En disitk ADF oranina sahip olan Karma
2000 gesidi en yitksek SKM oranina sahip olmustur. Diger
yandan ADF oranlari bakimindan yiiksek istatistiki grubu
olusturan Umran Hanim, Melez 2001 cesitlerinin SKM
oranlart bakimindan diisiik istatistiki grubu olusturduklari
goriilmektedir (Tablo 2). Nitekim Ceri ve Acar (2019);
Kjos (1990)’a gore de kaba yemlerde yiiksek sindirilebilirlik
disik ADF oraniyla iligkilidir. ). Farkli ekolojiklerde
tritikale ile yiirtitiilen ¢aligmalarda % 54.14-66.48 arasinda
sindirilebilir kuru madde oranlari tespit edilmistir (Kaplan
vd., 2011; Karabulut ve Cacan, 2018; Kilicalp vd.,
2020; Kir, 2014). Arastirmalara arasindaki bu farkliklar,
farklt toprak ve iklim kosullarin yaninda genotiplerden

kaynaklandig: sdylenebilir (Aydin, 2009).

kuru madde verimleri

Sindirilebilir 346.0-542.5
kg da! arasinda degismistir. Sindirilebilir kuru madde

p— 7



verimi bakimindan, Melez 2001 en diisiik, Presto ise en
degerlerin elde edildigi esitler olmuglardir (Tablo 2). Kuru
ot verimi bakimindan en yiiksek verimin elde edildigi
Presto ¢esidi, SKM orani bakimindan da yiiksek degere
sahip olmasi sonucunda, SKM verimi bakimindan da
en yiiksek verimin elde edildigi ¢esit olmustur (Tablo 5).
Farkli tarimsal uygulamalar (Kir, 2014), genotip (Aydin,
2009), iklim ve yil (Dilyaver ve Uzun, 2021) gibi faktérler
dogrudan verimi ve verim bilesenlerini etkilemektedir.
Nitekim farkli arastirmacilar Tatlicak 97 cesidinden; Tokat
kosullarindan 422.3 kg da' (Kilicalp vd., 2020), Ordu
ekolojik kosullarinda 269.5 kg da (Onal ve Egritas, 2017),
Kirgehir kosullarinda 302.9 kg da™* (Kir, 2014) sindirilebilir
kuru madde verimi elde etmiglerdir. Bu durum ayni ¢esidin
farkli ekolojik kogullara kargi adaptasyon kabiliyetindeki
farkliliktan kaynaklanmis da olabilir (Kir, 2014; Lermi ve
Palta, 2018) .

4.Sonug

Tritikalenin hayvan beslemede 6neminin anlagilmastyla
birlikte gerek yalin yetistiriciligi gerekse baklagillerle karigtk
ekimi yayginlasmaktadir. Kirsehir ili ve benzer ekolojilerde
bolgeye uygun, verimli ve kaliteli tritikale c¢esitlerin
kullanilmasi, kaliteli kaba yem sorunun ¢oziimiine katk:
saglayacakur. Yapilan arastirmada elde edilen sonuglar
dogrultusunda yiiksek verimli ¢esit olan Presto ¢esidi, yem
kalitesi i¢in ¢ok onemli olan yiiksek ham protein orani ve
sindirilebilirlikle birlikte diisiik ADF ve NDF oranlarina
sahip olmustur. Kirsehir ve benzer ekolojilerde Presto
cesidinin kaliteli kaba yem tiretimi agisindan uygun gesit
olabilecegi ancak calismanin bir yil daha uzaulmasinin

oneri agisindan yerinde olacagt sdylenebilir.
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Ozet

Uluslararast kurallarina  gore

ekolojik

sartlarinda erozyonun hakim oldugu Karapinar merasinda

cevre Konya
yapilan arastirmada, atiksu aritma camurunun ot verimine etkisi
pozitif olmustur.Ancak projenin agir metal degerleri ve risk
fakeorii dikkate alindiginda tavsiye edilen aritma ¢amuru dozu
ti¢ yilda bir kullanilmak sart ile dekara 1 ton (kuru madde)
olarak belirtilmistir.Bu ¢alismada, merada aritma camurunun
uygulanmadigi (2014 yil1) verilerine gore yesil ot verimi
ortalamast 241.2 kg/da, kuru ot verimi ortalamasi 117.2 kg/
da olarak bulunmustur. Merada toprakta ve bitkide agir metal
stnir degerleri ve zenginlesme faktorii dikkate alinarak tavsiye
edilen doz, her ii¢ yilda bir olmak {izere, D uygulamasinda D1
dozunun (1 ton/da KM) uygulandig1 parsellerde genel ortalama
(2014-2017 yullary) itibari ile yesil ot verimi D1 dozu i¢in 406
kg/da, golgede kurutulan kuru ot verimlerinde ise 200 kg/da
olarak hesaplanmistir. Onerilen her ii¢ yilda bir olmak iizere,
D1 dozunda (1 ton/da KM), merada yesil ot veriminde ortalama
olarak %68.32, kuru ot veriminde ise, %70.64 arts oldugu
goriilmiistiir. Erozyonun aktif oldugu bozulmus merada bu doz

ve uygulamanin etkisi olumlu olarak bulunmustur.

Anahtar Kelimeler: Aritma camuru, mera, kuru ot verimi,

cerozyon




Abstract

In the research conducted in the Karapinar pasture,
where erosion prevails in Konya ecological conditions
according to international environmental rules, the effect
of wastewater treatment sludge on grass yield was positive.
However, considering the heavy metal values and risk factor
of the project, the recommended treatment sludge dose is
stated as 1 ton (dry matter) per decare, to be used every
three years. In this study, according to the data (2014)
where treatment sludge was not applied in the pasture, the
average fresh grass yield was found to be 241.2 kg/da and the
average dry grass yield was 117.2 kg/da. The recommended
dose, taking into account the heavy metal limit values and
enrichment factor in the soil and plants in the pasture, is
applied every three years, and the green grass yield as of
the general average (2014-2017) in the parcels where the
D1 dose (1 ton/da DM) is applied in the D application.
It was calculated as 406 kg/da for D1 dose and 200 kg/
da for shade dried hay yield. At the recommended dose of
D1 (1 ton/da DM), every three years, it was observed that
there was an average increase of 68.32% in fresh grass yield
in the pasture and 70.64% increase in dry grass yield. The
effect of this dose and application was found to be positive

in degraded pasture where erosion is active.

KeyWords: Sewage sludge, pasture, hay yields, erosion

1.Giris

Meralar; hayvancilik acisindan 6nemli olup, riizgir ve su
erozyonu ile toprak kaybinin 6nlenmesi ve iilke ekonomisine
kazandirilmast agisindan  biiyiik yarar saglamaktadirlar.
Bunun i¢in mera 1slahi dahil gerekli planlarin uygulanmasi
ve yasal diizenlemeler yapilmalidir(Cepel, 2008). Orman ve
diger ekosistemlerle karsilastirildiginda, otlaklarin ekolojik
durumu hakkinda nispeten daha az bilgi bilinmektedir.
Kiiresel toprak sagligindaki kriz, diinyada dogal ve yar1 dogal
otlaklarin yonetimleriyle de yakindan ilgilidir. Dogal ve yar1
dogal otlaklarin hem yok edilmesi hemde olusturulmasi,
bilesimleri, yenilenmeleri insan y6netiminden biiyiik
olciide etkilenmistir(Johnson vd., 2017). Aritma camurlari

ulusal ve uluslararast standartlara uygun, kontrollii

ve bilingli bir sekilde kullanildiklari takdirde faydali
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kismindan toprak iyilestirme agisindan biyokat (giibre)
topragin organik madde bakimindan zenginlestirilmesini
saglamakur. Organik madde, suyu tutma giicii yiiksek
oldugundan erozyononlemede 6nem arz etmektedir(Eyce,
1995). Organik madde; kumlu ve tinli toprakta alinabilir
su miktarini arttirmaktadir. Ayrica organik madde ilavesi
sonucu olusan graniiler toprak, siki ve su gecirmez topraga
gore bitkilere daha fazla su saglar(Brohi vd., 1997).
Giibreleme veya toprakta organik maddeyi arttirmak icin
farklt yontemlerle 6zel alanlarda iyi bir kontrol ile aritma
camurunun (biyokati)da kullanildigs bilinmektedir. Ancak
bunun kurutulup islemden gegmesi gerektigi, saglik ve cevre
agisindanda 6nemi unutulmamalidir. Biyokaularin giibre
olarak kullanilmasindaki baglica degerler, buradaki besin
maddelerinden yavagsalinilabilir azot ve fosfordan ileri geldigi
ifade edilmistir(Ignatieff ve Page, 1965).Hakerler (1980),
aritma ¢amurunun (biyokat) icerigi bolgeden bélgeye ve
aritma bicimine bagli olarak degismekle birlikte genellikle
organik madde, azot ve fosforca zengin oldugu ve kontrollii
olarak topraga verilebilecegini bildirmistir.Biyokatlar, ciddi
bir sekilde zarar gdrmiis marjinal alanlarda topragin yeniden
tiretken bir hale dontstiiriilmesini saglamak veya toprak
erozyonunu engellemek {izere bitki ortiisit olusturmak
icin kullanilmaktadir. Erozyonla olusan toprak kayiplari
uygulanan biyokati miktari arttik¢a azalmaktadir. Bu etki
biyokatinin su tutmasi ve yiizey piirtizliltigi olusturmasinin
yant sira toprak agregasyonuna ve infiltrasyonuna olan
olumlu etkisi ile aciklanmaktadir (Bilgin ve ark, 2002).
Kumlu topraklarda ise bu malzemeler su tutma kapasitesini
arttirirken diger taraftan da besin maddesi degisimine ve
tutulmasina olanak saglarlar. Ayrica biyokaular toprak
mikroorganizmalarinin sayisini ve etkinliklerini arturirlar
(EPA, 1994).Ozellikle erozyon ile bozulmus meralarda
bitki ortiisti tesisinde ve mera bitki 6rtiistiniin verimliligi
tizerinde olumlu etkide bulundugu, ancak bunun ¢evreyi
tahrip etmeyecek sekilde ve ol¢iide kullanilmast gerekeigi
de belirtilmistir(Altin vd., 2005;Altn vd., 2011). Kurak,
karasal iklim bélgelerindeki ot topluluklarina genelde step
formasyonu adi verilir. Ulkemizde gercek step sahalari I¢
Anadolu ve Giiney Dogu Anadolu'da yer alir(Giinal,2013).
Buralarda mera topraginin fakirlesmesi sebebiyle botanik
kompozisyon degismekte ve bu sartlara uyum saglayan

dusiik kaliteli verimsiz tiirler vejetasyonda yer almaktadir.

>



Bu yerlerde topragin nemli olmasi ve toprak altina
uygulanan giibrelemeden dolay1 daha fazla yem tretildigi
belirtilmistir(Tan, 1989). Yillik yagisin 250 mm'den
asagl oldugu Karapinar ve civarinda kuraklik ve iklim
degisikligine bagli vejetasyondaki degisiklik ve yok olus
daha belirgin kendini hissettirecektir. Bu anlamda gelecekte
tilkemizde erozyon kontrolii ve suyun toprakta muhafaza
edilmesi {izerinde durulmasi gereken 6nemli konulardan
birisi olacaktir(Acar ve Milayim, 2008). Bu calisma,
Karapinar-Konya ekolojik sartlarinda erozyon tehdidi
altindaki bir dogal merada, farkls aritma ¢camuru dozlari (0,
1, 2, 4 ve 8 ton/daKM) ve uygulama sekillerinin (toprak
ylizeyine serpme ve topragin 0-5 cm’lik tabakasina tirmikla

karigtirma) ot verimine etkisini arastirmaktir.

2.Materyal ve Metot

Materyal

Karapinar Céllesme ve Erozyon Arasurma Merkezi

arazisi dist veerozyona ugramis, zayif, kirilgan yapili

Tablo 1. Karapinar aylik toplam yagis verileri
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bozunmus Yenice Mera arazisinde etrafi tel citlerle
cevrilerek deneme yeri kurulmusgtur. Bolgenin iklimi yari-
kurak karasal olarak tanimlanir ve yazlari kurak ve sicak,
kislar1 soguk ve yagishidir. Kar yagisinin biiyiik bir kismi
ocak ve subat aylarinda meydana gelmektedir. Ortalama
yagis 275 mmdir ve yagisin %40’1 kig aylarinda olmakradr.
Temmuz ayindan eyliil ayina kadar olan yagts, ortalama 15
mmdir (Simgekli, 2012). Proje sahasinda yaz aylarindaki
yiiksek sicaklik, yil boyunca toprak profilindeki diisitk nem
topraktaki organik madde miktarinin azalmasina ve sonugta
topraklarin fiziksel ve kimyasal kalitesine olumsuz etki
etmektedir (Bot ve Benites, 2005). Sicaklik farki nedeniyle
vejetasyonda olusan azalmalar topraga olan organik madde
dongiisiiniin azalmasi nedeniyle bozunum, c¢ollesme ve
sonugta riizgar erozyonunu artirict rol oynamaktadir.
Yagsslarin yil icerinde dagilisi ve miktarinin, toprak nemi,
bitki verimliligi ve toprak organik madde miktari a¢isindan
onemi biiytiktiir. Aragtirma yerinin 5 yillik aylik toplam
yagus, ortalama sicaklik, nispi nem ve riizgar hizi verilerine
ait degerleri ise asagida verilmistir (Tablo 1, 2, 3, 4) (MGM,
2018).

Aylik toplam yagis (mm) (2013-2017)
Yil =] N )
o 5 £ g 2 g 2 ¢ |= £ E = E2
< = 5 g = = g 2 2 5 Z = = g
S & = |z |= |2 | |® |2 | 2 < & &
2013 21.2 | 43.4 9.4 57.4 | 33.4 24.4 24 | 0.6 12.8 15.2 12 7.6 239.8
2014 40.4 | 18.4 | 47.2 3.2 18.4 26 0 9.8 17.2 48.2 33.8 29.8 292.4
2015 13.2 | 249 | 454 | 16.6 28 46.4 0 5.2 0.8 3.6 1.6 0.6 186.3
2016 25.8 0.4 28 4.6 27.6 19.2 04 | 0.2 20.6 0.2 13 100.0 240.0
2017 122 | 2.2 11.8 | 39.8 33 15.6 0 |[294 0 26 63.8 15.8 249.6
Ortalama | 31.8 | 24.3 | 26.4 | 25.5 | 28.1 23.4 64 | 5.6 9.1 24.0 23.2 42.1 270.5
Tablo 2. Karapinar aylik ortalama sicaklik verileri
Aylik ortalama sicaklik (°C) (2013-2017)
Yll » =] § )
o 3 = z = = k> 2 I R B VR
2013 2.1 5.3 7.5 11.4 17.7 20.7 22.3 22.1 17.1 8.8 7.6 -3.8
2014 2.5 4.0 7.8 13.3 16.6 20.0 24.5 24.5 189 | 12.2 5.3 5.5

7)) e—
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2015 0.8 29 6.8 8.9 16.1 18.8 22.9 24.1 21.3 | 14.1 6.6 -1.9
2016 0.0 6.5 7.7 14.2 16.0 21.8 24.0 24.4 17.5 | 13.1 5.0 -2.3
2017 -3.3 0.0 6.8 10.7 15.5 19.8 24.3 23.4 20.5 | 11.6 5.7 4.3
Tablo 3. Karapinar aylik ortalama nispi nem verileri
Aylik ortalama nispi nem (%) (2013-2017)
Yil

4 - o < 2 g 5 8 - g £ Y

o 3 b= Z. p= ks & & i @) & 2
2013 77.0 69.9 58.8 64.1 51.3 41.9 38.5 37.6 44.4 58.4 67.9 81.8
2014 79.7 63.9 60.0 46.2 50.6 47.8 37.0 39.1 52.9 67.8 73.0 79.7
2015 78.6 73.0 67.5 59.5 53.4 61.6 40.9 44.6 41.0 64.2 61.2 81.7
2016 75.4 | 65.1 54.7 42.1 55.6 447 36.7 38.5 48.3 48.5 57.4 82.6
2017 83.2 73.0 64.9 55.0 56.7 55.3 35.7 48.0 35.4 53.1 72.8 70.7
Tablo 4. Karapinar aylik ortalama riizgar hizi verileri

Aylik ortalama riizgir hizi(m/s) (2013-2017)
Yil

™ o o o 2 g 3 8 — £ E 2

g | 5 |2 3 E |z |2 |z E

o A p= Z. > i“ o ;%D &3] m A <
2013 2.5 2.1 2.3 1.9 1.7 2.1 2.4 2.1 1.7 1.7 1.2 1.2
2014 1.4 1.6 2.3 2.4 2.2 2.0 2.0 1.9 1.9 1.5 1.3 1.8
2015 2.1 2.3 2.3 2.4 1.9 1.9 2.2 2.0 1.5 1.5 1.6 1.1
2016 2.6 2.4 2.4 2.3 2.2 2.0 2.4 2.1 1.8 1.5 1.6 1.8
2017 2.1 1.8 2.2 2.1 2.3 1.9 2.3 2.1 1.6 1.8 1.7 2.3
Karapinar  yagis  verileri  (2013-2017  yillar1)  olarak, diiz ve en uygun yer olarak kumlu tnli Yenice Merasi

incelendiginde, 2016 yilinda aralik ayindaki kar yagist (100
mm)haricinde yillik toplam yagis 140 mm yagis oldugu
goriilmektedir. 2016 yili kar yagisi haricinde oldukea
kurak bir yil olmustur. Yillik toplam yags en fazla 2014 yilt
(292.4 mm) akabinde 2017 yili (249.6 mm) olarak dikkat
cekmektedir.

18.11.2013 tarihindemeralardan toprak ornekleri
alinmigur. Arazide deneme yerinin kurulacagi alanin 6n

etiit arazi tespiti sonucunda, toprak yapist, bozunmugs mera
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secilmigtir (Tablo5). Ozellikle aritma ¢amurlarinin toprakea
kullanim1 yénetmenligine uygun bir sekilde kumlu tinli bir
toprak yapist secilmistir. Deneme yeri toprak ozelliklerinin
toprak reaksiyonun orta alkali, tuzluluk sorunun olmadigy,
organik maddece ¢ok az, kire¢ sinifi agisindan marn
kire¢ topragi, bitki tarafindan alinabilir fosforun yetersiz
ve bitki tarafindan alinabilir potasyumca yeterli oldugu
goriilmektedir (Tablo 6).Projenin, 23.05.2014 tarihinde,
uygulanacagt alanin etrafinin beton tel it ile gevrilmesi

islemi gerceklestirilmis, parselizasyon calismasi yapilmustir.

i
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Tablo 5. Deneme alaninin toprak drneklerinin biinye siniflamasi

Sn Mevki Koordinat %Kum %Kil %Silt Sinifi
N 37.6512304,
1 Yenice Merast E 33.4628130 68.45 13.55 18.00 SL
Tablo 6. Deneme alaninin toprak 6zellikleri
Elekeriksel Organik | Dk Bitki tarafind
Toprak derinlik Suyla . extrt . ¢ rgant tarafindan I lt.a.ra tndan Kireg-
pH iletkenlik-EC madde . alinabilir
(cm) doygunluk (%) (dS/m) (%) alinabilir . (me/ke) CaCO, (%)
m ? fosfor (mg/kg) potasyum tmglig
0-5 37.68 7.71 0.25 0.61 9.88 147.65 61.37
5-10 37.48 7.84 ]0.21 0.49 5.51 133.78 60.73
10-20 38.25 7.80 0.23 0.58 3.71 165.65 58.47
Projede materyal olarak kullanilan susuzlagtrilmis MAM Cevre Enstitiisti Laboratuvarina gonderilmistir. Bu

aritma gamuru, proje ortaklarindan olan Konya KOSKI

Genel Mudiirliigii ile de protokol geregi, aritma camurunun
analizi i¢in 2 adet 6rnek, 18.08.2014 tarihinde, TUBITAK

orneklerin 14.10.2014 tarihli analiz sonuclari, 03.08.2010

tarihli

Aritma

Camurlarinin

Kullanimi

Toprakta

Yonetmeligine uygun oldugu goriilmistiir (Tablo 7).

Tablo 7. Aritma ¢amuru analiz sonucu (TUBITAK MAM CE-14.10.2014 tarihli)

T.C. Konya BSB. KOSKI Atiksu Aritma Tesisi 1 ve 2 no aritma gamur drnekleri analiz sonuglari, sinir degerleri ve analiz ydntemleri
. Aritma Camuru
Parametre / Ornek Sinir Deger | Analiz Yontemleri
1 no’lu 2 no’lu
Kursun (Pb mg/kg firin kuru madde) 56.2 47.06 750
Kadmiyum (Cd mg/kg) 8.13 8.52 10
Krom (Cr mg/kg) 500 598 1000
EPA 6020 A (ICP-MS)
Bakir (Cu mg/kg) 298 261 1000
Nikel (Ni mg/kg) 175 165 300
Cinko (Zn mg/kg) 1735 1534 2500
Civa (Hg mg/kg) 0.617 0.596 10 TS 2537 EN 1483
Azot (TKN mg/kg) 27669 25483 SM-4500-N_ B
Fosfor (P mg/kg) 10297 9834 Yas yakma (Olsen vd.)
PCB (mg/kg) <0.1 <0.1 0.8 EN 12766
PCDD/F (ng TE/kg kuru madde) 0.183 0.44 100 TS EN 1948/2-3
pH 6.71 6.73 TS 8332 ISO 10390
C/N (%) 7.12 7.23 D.13.Y.04.24 (I¢ yontem)

wT—
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Nem (%) 72.57 38.29
TS 9546 EN 12280
Kuru Madde (%) 27.43 61.71
zr(;a/lor;ma (kizdirma) Kaybi, Organik Madde (770 °Clde) 511 43.27 > 40 TS EN 12879
Iletkenlik (dS/m) 2.63 3.8 ISO 11265
. 1.8E+05|1.9E+06|enaz2 Logl0
E.Coli (EMS/g) kob/g kob/g (%99) ISO 16649-2

Metot

Projede,15.08.2014 tarihinde Konya Evsel Auk su
Aritma Tesisinde, camur susuzlastirma iinitesinden cikan
stabilize aritma ¢amurlari etrafi ¢evrili U geklinde beton
lagiinlere ince tabaka halinde serilmistir. Yiginin farkls
noktalarindan érnekler alinip analiz icin TUBITAK MAM
Cevre Aragtirma Enstitiistine génderilmistir. Analiz islemleri
sonucu yonetmenlige uygun olan stabilize evsel nitelikli
aritma ¢amuru yiginin belli periyotlarda karistiricr kepge
makinesiyle alt tist edilmesi ve silindirle ezilmesi islemleri
ve glineste acik yiginda kurutulmasi iglemleri 2 ay boyunca
devam etmistir. Bu sekilde kurutma yontemiyle aritma
camurunun kuru madde orani, %25 KM’den %80 KM lere
cikarulmigtir. 23.10.2014 tarihinde Konya Merkezden
Karapinar'daki proje alanina aritma ¢amuru materyalinin
nakliyesi gergeklestirilmistir. Aritma ¢amurunun rotatiller
makinesiyle ogiitme / parcalama islemleri ve 10 mm
elek araliginda eleme iglemleri yapilarak kullanima hazir
03-07

Kasim 2014 tarihlerinde, projede deneme deseni planinda

biyokatt1 materyali yiginlari olusturulmustur.

belirtildigi {izere aritma ¢camurunun nem muhtevasina gore
her parseldeki doz uygulamasi, %100 kuru madde (KM)
tizerinden gergeklestirilmistir. Arazide erozyona ugramis
mera topraginda denemede aritma gamurunun uygulamast
esnasinda insan sagligi agisindan koruyucu eldiven, maske,

cizmeler kullanilmistir.

Aritma camurlarinin dozlari, 0 (Kontrol), 1, 2, 4 ve 8
ton/da (KM) (Arvas ve vd., 2007) olacak sekilde,

1) Topragin 0-5 cm.’lik tabakasina tirmikla karigtirma

islemi (D ana konusu),
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2) Toprak yiizeyine serpme iglemi, (S ana konusu),

2 ana konuda, 4 tekerriirlii, 5 dozda toplam 40 parselde
deneme deseni plant uygulanmistir. Deneme parsel 6l¢iileri
8 mx10 m = 80 m?”lik bir alanda ve her parsel arast bosluk
1.5 m olacak sekilde yan yana ve Bloklar arasi bogluk 2.5
m olarak ayarlanmisur. Yiizeye serpme islemi (S konusu)
olan parsellerde biyokatt homojen bir sekilde dagilimi
yapilmustir, Karistirma islemi (D konusu) olan parsellerde
urmikla homojen bir sekilde dagilimi yapildiktan sonra
topragin  0-5 cm  derinligine karisurilmasi  iglemleri

gerceklestirilmistir.

Deneme “Tesadiif Bloklarinda Boliinmiis Parseller
Deneme Desenine” gore 4 tekerriitlii ve cakili olarak
yurtitilmistir. Projede aritma ¢amurunun (biyokatr)
uygulamasi yapilmadan dnce parsellerden 2014 yili haziran
ayinda bitki etiit calismasi, Ekim ayinda fiziksel ve kimyasal
analiz toprak 6rnekleme iglemleri gergeklestirilmigtir. 2014
yilt (kontrol y1li) erozyona ugramis ve bu yiizden bozunmus
meranin dogal verileridir. Aritma ¢amur uygulamast
2014 yii Kasim ayinda tek bir defada uygulanmustir.
Akabinde aritma ¢amurunun uygulamasi sonrast 3 yil
boyunca (2015, 2016 ve 2017 yillart haziran aylarinda)
etkileri gozlemlenmistir. Dogal merada uygulanan projede
parsellerde Kuadrat metoduna gore, 2014-2015-2016-
2017 yillar1 haziran ay1 igerisinde mera bitki vejetasyonu
etiit ¢aligmalar1 yapilmistir(Aveioglu, 1983). Meranin ot
veriminin hesaplanmasi, Kuadrat (gerceve) yontemi ile
parsel icindeki toplam ot verimi dekara ¢evrilecek ve ot

verimi tespit edilmistir.

Mera bitkilerinin protein oranlarinin tespiti i¢in Konya

>



Toprak Su Céllesme Enstitiisii laboratuvarlarinda Kjeldahl
azot setinde N analizleri yapilmis, elde edilen kuru ottaki

azot miktari, 6.25 katsayist ile carpilarak protein oranlart
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Stipachrenbergiana, Nigella arvensis var. glauca, Papaver
hybridum, Onopordum acanthium, Thymus leucostomus,

Bromus erectus, Centaure acarduiformis, Scabiosa argentea,

tespit edilmistir. Bu ol¢timler aritma ¢amuru uygulama  Xeranthemum — annuum, — Phlomis — armeniaca  olarak
oncesi ve sonrast her yil haziran aylarinda yapilmustir.  belirlenmistir(Acar vd.2024).

[statistik analizleri JMP Pro 16 programinda yapilmis

olup, onemlilikler LSD testi ile gruplandirilmistur. Bu 3. Bulgular ve Tartisma

deneme siiresince mera vejetasyonunu olusturan bitkilerde
de say1 olarak farkliliklar olusmus ve deneme sonucunda
tir sayilarinin - artugr  tespit  edilmigtir.  Uygulama
yapilmadan 6nce(2014 yili) bulunan tirler(10 adet);
Salvia absconditiflora, Acantho limonulicinum var. ulicinum,
Astragalus onobrychis , Noaea mucronata , Alhagi maurorum
subsp.  maurorum,  Thymus leucostomus, ~ Onopordum
acanthium , Cynodon dactylon , Stipa ehrenbergiana,
Agropyron cristatum iken 2017 yilinda ise (22 adet); Salvia
absconditiflora, Acantho limonulicinum var. ulicinum,
Astragalus onobrychis, Noaea mucronata, Alyssum linifolium
var. teheranicum, Alhagi maurorum subsp. Maurorum,
Alopecurus  arundinaceus, Agropyron elongatum, Bromus
tectorum, Cynodon dactylon var. villosus, Descurainia

sophia subsp. sophia, Eremopyrumbonaepartisvar. sinaicum,

Tablo 8. Yesil ot, kuru ot verimi varyans analizi

Aritma ¢amur uygulamasi 6ncesi 2014 Haziran'da
erozyona ugramis merada dogal bitki vejetasyon etiit
calismasi yapilmisur ve 2014 Yili Kasim ayinda aritma
camur uygulamasi sonrasi her yil bitkilerin gozlemleri ve
ornek alma islemleri, 2015, 2016 ve 2017 yillart haziran
aylarinda 3 yil boyunca devam etmistir. (Ozyazici ve
C)zyazml, 2012).

3.1. Yesil ot ve kuru ot verimleri (kg/da)

Deneme yeri parsellerinin yesil ot, kuru ot verimi
varyans analiz sonuglari asagidaki Tablo 8'de belirtilmistir.
Yesil ot verimi ve kuru ot verimi degerlerine ait ortalama

degerler de sirastyla Tablo 9 ve 10'da belirtilmistir.

Varyasyon kaynagi Serbestlik derecesi Kareler Ortalamas:

Yas ot verimi Kuru ot verimi
Yil(A) 3 1211332 * 300493 *
Tekerriir 12 27243.8 4040.5
Karigtirma uyg.(B) 1 7547.7 3940.7
Int.(AxB) 3 13969 2015.8
Hata 1 12 47481.7 * 8321.3*
Doz(C) 4 17506.7 4919.8
Int. (AxC) 12 30004.4 * 8844.8 *
Int. (BxC) 4 42387.8 * 11159.1*
Int. (AxBxC) 12 13170.2 4105.7
Hata 2 96 15720 3595.6
Genel 159 (*)%5 seviyesinde 6nemli bulunmustur
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Tablo 9. Yesil ot verimi degerlerine ait ortalama degerleri(kg/da)
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Yesil Ot Verimi Ortalamalar

Ana Konu Alt konu (Dozlar)

Yillar KY! Dozl Doz2 Doz3 Doz4 Doz5 Ort.
D? 147 326 244 205 245 233.7

2014 S? 289 219 228 223 285 248.7
Ort. 218 4 273 £ 236 h-j 214 265 £ 2412 ¢
D 245 391 475 494 353 391.7

2015 S 346 299 295 305 379 324.7
Ort. 296 e-1 345 d-h 385 d-f 399 de 366 d-g 358.2b
D 216 212 241 200 148 203.5

2016 S 273 239 217 149 186 212.7
Ort. 244 g j 226 h-j 229 h-j 174 4 167 j 208.1 ¢
D 615 694 403 631 650 598.6

2017 S 580 584 493 493 783 586.4
Ort. 598 ab 639 ab 448 cd 562 bc 716 a 592.5a
D 306 bc 406 a 341 a-c 383 ab 349 a-c 356.9

2014-2017 ort. | S 372 a-c 335 a-c 308 bc 292 ¢ 408 a 343.1
Ort. 339 371 324 338 379

LSD(A) 105.7 LSD(B) 74,8 LSD(A*B) 149.5

LSD(C) 62 LSD(A*C) 124 LSD(B*C) 88

LSD(A*B*C) 175

Tablo 10. Kuru ot verimi degerlerine ait ortalama degerleri (kg/da)
Kuru Ot Verimi Ortalamalar

Ana Konu Alt konu (Dozlar)

Yillar KY! Dozl Doz2 Doz3 Doz4 Doz5 Ort.
D2 72 163 120 97 117 113.8

2014 S$3 140 105 111 111 137 120.6
Ort. 106 g 134 d-g 115 e-g 104 g 127 e-g 117.2 ¢
D 126 167 249 193 180 183.0

2015 S 170 166 126 154 166 156.3
Ort. 148 d-g 167 cf 187 c-d 173 c-e 173 c-e 169.7 b
D 133 111 139 111 84 115.5

2016 S 166 104 105 75 101 110.3
Or. 150d-g | 108 fg 122 eg 93 g 92g 112.9¢
D 283 357 211 337 342 306.0

2017 S 295 283 237 236 406 291.5
Ort. 289 b 320 ab 224 ¢ 286 b 374 a 298.7 a
D 154 bc 200 a 180 a-c 184 a-c 181 ac 179.6

2014-2017 ort. | S 193 ab 165 ac 145 c 144 ¢ 202 a 169.7
Ort. 173 182 162 164 192

LSD(A) 44,25 LSD(B) 31,29 LSD(A*B) 62.58

ZIRAAT MUHENDISLIGI | Yil: 2024 | Sayi: 380

>




Zn‘ L h q
@ 'MUHENDISLIG!

LSD(C) 29.68 LSD(A*C)

59,36 LSD(B*C) 41.98

LSD(A*B*C) 83.95

Not: 'KY: karigtirma yontemi, *D: Karigtirma iglemi (D konusu), *S: Serpme islemi (S konusu), Aritma ¢camuru uygulama dozlart

strastyla, Doz 1: 0 (Kontrol), Doz 2: 1 ton/da, Doz 3: 2 ton/da, Doz 4: 4 ton/da, Doz 5: 8 ton/da (KM)

Yesil ot verimi:

Yagislar ile bitki agir metal alimlar arasinda iliski
oldugundan yillar arasindaki yagis farkliliklari kurak
alanlarda 6nemli olup bu agir metal alimina etki etmistir.
Yesil ot veriminde yil yani yagis faktorii 6nemli bulunmusgtur
(p<0.05)(Tablo 8).Yil*Farkli doz uygulamalarinda yag:s
faktoriine bagli olarak dozlar arasinda farklilik da énemli
bulunmugtur (p<0.05).2014 su yilinda (kontrol yil),
215.4 mm yagisin oldugu, aritma ¢amurunun uygulamast
oncesi dogal bozunmus merada haziran ayinda yesil ot
(241.2¢c) olarak bulunmustur(Tablo
9).2015 su yilinda yagisin 292.3 mm yagis diismesinden

ortalama verimi,

dolayr yesil ot ortalama veriminde aruslar (358.2b)
goriilmiistiir. Ozellikle 2016 su yilinda 132.6 mm yagus
diismesinden dolay1 yesil ot ortalama veriminde olduk¢a
azalmalar (208.1¢) gorilmistiir. 2014 yili kontrol yili ile
aynt ortalama derecelendirme grubuna denk diismektedir.
Buna mukabil 2017 su yilinda yagisin 257.2 mm yagss
diismesinden dolay1 yesil ot ortalama veriminde olduk¢a
yiiksek artiglar (592.5a) goriilmistiir. Bu ¢alismada, aritma
camuru (biyokat1) uygulamasinda iklim (su) faktor 6nemli
derecede ortaya ¢ikmustir. Giibreleme ile birlikte suyun
tastyici rolii onemli gikmustir (p<0.05).Cok ekstrem iklime
sahip yagisin oldukca diisitk oldugu bolgelerde uygun
nitelikteki aritma ¢amurlarinin (biyokatr) kullanilmamasi
gerekmektedir. Yagisin en azindan 250-300 mm oldugu
hatta daha fazla 300 mm istli yagis rejimi tastyan
bolgelerde bu uygun nitelikli biyokatilarin kullanilmast
sonucunu ortaya koymakrtadir. Yesil ot veriminde, D
uygulamalarinda 2015 yili agisindan en yiiksek D4; 2016
yilt kurak bir sezon acicisindan en yiiksek D2, 2017 yili
cok yagislt bir sezon agicisindan en yiiksek D1 oldugu
gorilmistiir(Sekil 1).Yesil ot veriminde, S uygulamalarinda
2015 yili agisindan en yiiksek S8; 2016 yili kurak bir
sezon agicisindan en uygun kontrol, 2017 yili ¢ok yagish

78—
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bir sezon agicisindan en yiiksek S8 oldugu goriilmiistiir
(Sekil 2). 1953 yilinda yapilan bir arastirmada, I¢ Anadolu
Bolgesi dogal mera alanlarinda yetismekte olan bitkilerin
% 90’1 faydali mera otlart olmayip, besin degeri oldukga
diisiik yabani ve yaramaz otlardan oldugu ifade edilmistir.
Yine bir buguk yil dinlendirildikten sonra ot verimi tespit
edilen tabii merada mayis ayinin ikinci yarisinda hasat
edilen mera veriminin yesil ot olarak 80 kg/da oldugu ve
bunun da ¢ok diisiik oldugu bildirilmistir(Tarman, 1960).
Genellikle aragtirmalarda kuru ot olarak verilmekte olup,
bunun 3 veya 4 kauni yesil veya yas ot olarak belirtilen
verimi olusturur. Bu anlamda elde elden veriler yapilan
arastirmalar ile uyum icerisindedir.Bakir(1985), giibrelerin
merada uygulama sekli ile ilgili, serpme olarak giibrelenen
parsellere nazaran, topragin 10 cm derinligine kadar
uygulanan giibre parsellerinden daha fazla yem alindigini
ifade etmigtir. Bu bizim uygulamamizda genel ortalama
bakimindan istatistiki anlamda farklilik olusturmamustir.
Ayni aragtirmact kompostun meralarda birgok yarari
oldugunu, tam bir giibre olmasa bile yetistirme sartlarini
islah etme, humus kaynagi olma ve mikroorganizma
faaliyetlerini arttirma, soguk ve kuraga karsi koyma, asir1
buharlagmay: 6nleme faydalar: sebebi ile uygulanabildigini
belirtmistir. Ingiltere'nin bat1 kisimlarindaki meralarda
kanalizasyon ¢amurunun genis oranda kullanildiginin
belirten Frame(1994), Kanalizasyon ¢amurunun iginde
besin maddesi olan azot ve fosfor bulundugunu, uygulama
yilinda 50 m®/ha sivi camurun i¢inde besin maddesi olarak
yaklasik 40 kg/ha N, 20 kg/ha P,O, ve 5 kg/ha K,O
bulundugunu bunun bir kisminin hemen bir kisminin da
sonra faydali oldugunu, bu uygulamalarin toprak pH’nin
5.5 den asag1 olan yerlerde uygulanmamasi gerektigini de
ifade etmistir. Erzurumda elde edilen ¢op kompostunun
farkli dozlarda kullanilmasi ile kuru sartlarda arpa veriminde

giibre uygulanmayan parsellere gore 40 ton/ha uygulanan
kompostta%217, 80 ton/ha %408 ve 120 ton/ha ise %724




daha fazla verim alindiy, ikinci yil bu oranlarin diistigii ve
strastyla %52, %85 ve %123 oldugu belirtilmistir(Kowald
vd. 1990).

Aragturmacilarin da belirctikleri gibi aragtirmamizda

uygulamalarin yapilmadigi 2014 yilinda ortalama 241

kg/da yesil ot verimi alinirken, denemenin son yili 2017
yilinda ortalama 592.5 kg/da yesil ot verimi elde edilmistir.
Bu sonuglar iklim sartlarinin etkisi ile yillar itibariyle
farkliliklar goriilse bile daimi bir artusin oldugu tespit

edilmistir.

D konularinda yillara gére yesil ot verimi-kg/da
800,00
694,11
70000 41696 631,48 649,65
600,00
493,97
<0000 390,86 750
400,00 325{'48 . 353,17
245,48
’ 245,28
300,00 16,14 12,5 41,139843,83 00,080 205,41 >
200,00 47,48 < 47,5
0,00
DO D1 D2 D4 D8
m 2017-YESIL OT VERIMIkg/da 615,26 694,11 402,64 631,48 649,65
m 2016-YESIL OT VERIMikg/da 216,14 212,50 241,13 200,08 147,54
= 2015-YESIL OT VERIMikg/da 245,48 390,86 475,01 493,97 353,17
2014-YESIL OT VERIMI-kg/da 147,48 326,48 243,83 205,41 245,28
®2017-YESIL OT VERIMi-kg/da m2016-YESIL OT VERIMi-kg/da ®2015-YESIL OT VERIMi-kg/da m 2014-YESIL OT VERIMi-kg/da

Sekil 1. D konusunda yesil ot verimi

S konularinda yillara gére yesil ot verimi-kg/da
900,00
783,32
800,00
700,00
583,59
60000 27986
492,65 492,53
500,00
400,00 346,24 298,88 o an 304,85 378,82
1y cEN88,55 g 285,36
300,00 ' 39,4881 6 03 oo 227,608 222,82 g
. 4 / / 86,4
200,00 48,7
100,00 I
0,00
50 s1 2 s4 58
m 2017-YFSiL OT VERIMI-kg/da 579,86 583,59 492,65 492,53 783,32
m 2016-YESL OT VERIMI-kg/da 272,55 239,41 216,56 148,72 186,49
B 2015-YESIL OT VERIMi-kg/da 346,24 298,88 294,84 304,85 378,82
2014-YESIL OT VERIMi-kg/da 288,55 219,03 227,68 222,82 285,36
W 2017-YESIL OT VERIMi-kg/da M 2016-YESIL OT VERIMi-kg/da M 2015-YESIL OT VERIMikg/da  m 2014-YESIL OT VERIMi-kg/da

Sekil 2. S konusunda yesil ot verimi

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

>



Kuru ot verimi:

Yagslar ile bitki agir metal alimlar arasinda iliski
oldugundan yillar arasindaki yagis farkliliklari kurak
alanlarda 6nemli olup bu agir metal alimina etki etmistir.
Kuruotverimindeyil yaniyagis fake6rii 6nemli bulunmustur
(p<0.05) (Tablo 8).Yil*Farkli doz uygulamalarinda yag:s
faktoriine bagli olarak dozlar arasinda farklilik da &nemli
bulunmugtur (p<0.05).2014 su yilinda (Kontrol yil), 215.4
mm yagisin oldugu, aritma ¢amurunun uygulamasi dncesi
dogal bozunmus merada haziran ayinda kuru ot ortalama
verimi (117.2¢) olarak bulunmustur(Tablo 10).2015 su
yilinda yagisin 292.3 mm yags diismesinden dolay1 kuru ot
ortalama veriminde artiglar (169.7b) goriilmiistiir. Ozellikle
2016 su yilinda 132.6 mm yagis diismesinden dolay:
kuru ot ortalama veriminde olduk¢a azalmalar (112.9c)
gorilmistiir. Buna mukabil 2017 su yilinda yagisin 257.2
mm yagis diismesinden dolay: kuru ot ortalama veriminde
en yiksek artglar (298.7a) gortilmistiir. Bu ¢alismada,
aritma ¢amuru (biyokat1) uygulamasinda iklim (su) faktor
onemli derecede ortaya ¢tkmistir. Giibreleme ile birlikte

suyun tastyict rolit 6nemli ¢tkmistir (p<0.05).

Cok ekstrem iklime sahip yagisin oldukea diisiik oldugu
bolgelerde uygun nitelikteki aritma ¢camurlarinin (biyokati)
kullanilmamasi gerekmektedir. Yagisin en azindan 250-
300 mm oldugu hatta daha fazla 300 mm stii yags
rejimi tagiyan bolgelerde bu uygun nitelikli biyokatilarin
kullanilmast sonucunu ortaya koymaktadir. Kuru ot
veriminde, D uygulamalarinda 2015 yili agisindan en
yiiksek D2; 2016 yili kurak bir sezon acicisindan en yiiksek
D2, 2017 yili ¢ok yagish bir sezon agicisindan en yiiksek
D1 oldugu gorilmistiir(Sekil 3).Kuru ot veriminde, S
uygulamalarinda 2015 yili agisindan en yiiksek SO yani
kontrol; 2016 yili kurak bir sezon agicisindan en yiiksek
S0, 2017 yili cok yagsli bir sezon agicisindan en yiiksek S8
oldugu goriilmiistiir (Sekil 4). Dolayisiyla yagss ile birlikte
uygulanan aritma ¢amuru (biyokat) uygulamasinda dozlar
ile birlikte artis oldugu goriilmektedir. Kuru ot veriminde,
Cok kurak 2016 yilinda serpmeye gore karisurma
uygulamasinda D2 parsellerin daha iyi sonug verdigi
goriilmektedir. Avrupada mera alanlarinda dekarda 560 kg
kuruotalinirken, burakam Tiirkiye'de ortalama 69 kgoldugu

kabul edilmektedir. Ayrica meralardaki otun kalitesi besin

e
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degeri bakimindan da diistiktiir (botanik kompozisyondaki
kaliteli yem bitkilerinin orant %10-20). Ciinkii meralara
tohum takviyesi ve bakim yapilmadigindan hayvanlarin
severek tiikettigi bitkiler tohum agamasina varmadan koki
tikketilirken, sevilmeyen bitkiler merada yayginlagmakuir.
I¢ ve Giiney Dogu Anadolu meralari, Ulkemizdeki gayir
mera alanlarinin % 39.5’unu icermesine karsilik, % 10-15
bitki ile kapli olmalari ve siddetli baskisinda bulunmalar:
nedeniyle verimleri bir otlatma mevsiminde ortalama 30
kg/da kuru ot tiretebilecek diizeydedir(Gengkan vd., 1990).
Konya Selguk Universitesi Ziraat Fakiiltesi Comakli giftligi
merasinda yapilan vejetasyon etiidii ile ilgili calismada bitki
ile kapli alan ort. % 22.94 olarak tespit edilmis ve bunun
cogunlugunu da diger familyalara ait (baklagil ve bugdaygil
disinda) bitkilerden olustugu, ot veriminin 144 kg/da/yil
oldugu, bunun yarayishlik orani % 16.96 tespit edildigi ve
bu oranin ¢ok diisiik oldugu, buna gore de yillik faydali
kuru ot veriminin ort. 24.42 kg/da olarak hesaplandigt
belirtilmistir(Ozkaynak vd., 1994). Unal(1996), Orta
Anadolu meralarinin dekara kuru ot verimlerinin ortalama
20-70 kg arasinda oldugunu,burada ki dogal meralarin
baslangicta bugdaygil, baklagil ve diger familyalar1 iceren
karma step meralar iken yillar siiren agir ve erken otlatma
nedenleriyle bugiin bitki 6rtiisiintin biiytik bir kismini
kalitesiz, besleme degeri diisiik, yabanct ot niteliginde
diger familyalara ait bitkilerden tegkil ettigini, 6zellikle
iyi cins baklagilyem bitkilerinin oraninin dogal meralarda
% P’in aluna distiigiini ifade etmistir. Konya ili sorunlu
alanlarinda olusan meralarin bitki 6rtiisii tizerine yapilan bir
aragtirmada alt farkli mera kesiminde 1974-75 yillarinda
bitki ile kapl alan sirasiyla ort. % 9.75 ve % 11.84 olarak
tespit edilmistir. Ayni meralar i¢inde iki yilda en fazla kuru
ot verimleri tuzlu-alkali meralardan elde edilmistir(sirastyla
ort. 115.0 kg/da ve 149.7 kg/da). En diisiik kuru ot verimi
ise taglt meralardan sirasiyla ort. 23.1 kg/da ve 73.5 kg/
da olarak elde edilmistir(Yilmaz, 1977). Miilayim vd.,
(2007), Cayir ve meralarda kuru ot verimlerinin bélgeden
bolgeye degismekte oldugunu, yillik kuru ot verimlerinin
ort. 30-90 kg/da arasinda olup, meralarimizin ¢ok 6nemli
bir kismmmn kurak iklim kusaginda bulundugunu, buna
ragmen uygun islah ve amenajman yontemleri kullanilarak
mevcut tiretim kapasitelerini 4-5 yilda 3 kat arttrarak 8.9

milyon tondan 26.7 milyon tona ¢ikarilmasinin miimkiin




oldugunu belirtmislerdir. Elde ettigimiz kuru ot verimleri belirtilen kaynaklardaki kuru ot verimleri ile uyum iginde

oldugu tespit edilmistir.

D konularinda yillara gére kuru ot verimi-kg/da
400,00
: 356,90
. 342,14
350,00 337,00
300,00 28313
510,98 24891
250,00 167,25 ,
133,31 8, 192,71 180,29
200,00 163,19
150,00 25,93 0 9,89 0 42 6,98
' »2286,70
100,00 2,22
50,00
0,00
DO D1 D2 D4 D8
B 2017-KURU OT VERIMIi-kg/da 283,13 356,90 210,98 337,00 342,14
B 2016-KURU OT VERIMIi-kg/da 133,31 110,81 138,76 110,59 84,27
B 2015-KURU OT VERIMI-kg/da 125,93 167,25 248,91 192,71 180,29
2014-KURU OT VERIMI-kg/da 72,22 163,19 119,89 96,70 116,98
W 2017-KURU OT VERIMIi-kg/da m2016-KURU OT VERIMI-kg/da
m 2015-KURU OT VERIMi-kg/da m 2014-KURU OT VERIMI-kg/da

Sekil 3. D konusunda kuru ot verimi

S konularmda yillara gore kuru ot verimi-kg/da
450,00
406,05
400,00
350,00
200,00 294,92 283,21
250,00 170,28 237,22 235,94
66,33 165,90
200,00 166,17 153,76
140,08 125,56 , 36,70
150,00 — 7
04,4 10/4'91 04,67.110,76 11075 Moo 6
100,00 5,2
0,00
50 51 52 s4 58
® 2017-KURU OT VERIMi-ke/da 294,92 283,21 237,22 235,94 406,05
m 2016-KURU OT VERIMi-kg/da 166,33 104,44 104,67 75,20 100,64
m 2015-KURU OT VERIMi-kg/da 170,28 166,17 125,56 153,76 165,90
2014-KURU OT VERIMIi-kg/da 140,08 104,91 110,76 110,73 136,70
M 2017-KURU OT VERIMi-kg/da ™ 2016-KURU OT VERIMi-kg/da ® 2015-KURU OT VERIMi-kg/da = 2014-KURU OT VERIMi-kg/da

Sekil 4. S konusunda kuru ot verimi
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3.2. Mera otunun protein oranlari

Hayvansal dokularin yapi tagt proteindir. Viicut
dokularin biiytimesi ve yenilenmesi proteinler sayesinde
olur. Koyunlar gevis getiren hayvanlar olduklari icin
tikkettikleri proteinin kaynagindan ziyade miktari 6nem

tagir. Verimde olmayan eriskin koyunlarin rasyonunda

% 7 den az protein bulunmast halinde koyunlar mineral
maddelerden de yeteri kadar yararlanamamakradir. Protein
kaynaklari; baklagil tohumlari, kaliteli yonca, yagli tohum
(pamuk, soya, aygicegi) kiispeleridir. Protein temel olarak
pahali bir besin maddesi olmasina karsin orta kalitedeki

meralar ve kuru otlar koyunlarin protein ihtiyacini

minimum (en az) % 7 oraninda protein olmalidir. Diyette  kargilamaktadir.
% Protein
00
18,00
16,00
g 1400
w
'_ 1200 / /’
: sl AN r
o 500
600
® A
400
200
oa i b kateg I b keted L b keteds i b ket il b ktege
adagay gohan e sepe iy goban - beteke | adagay coban geen e adagay. goban geren elafe adazzyy cobian e e
" n I n 3 f I I oy r
o o2 D D
pefoniel 1 tonda M) 2 tonfda 1) Htanda (¥M) B tan/da (¥4
A.C. DLTIRMIK ILE 0-5 CR TOPRAGA KARISTIRS BLEM Gnce ve sonra-YILLARA GORE BITKILER
=200 yihac ugulamatced 5 0 Protein 303 | 722 | 740 1L6D 3 37 829 720 30 0% a6 82 880 183 9 4L
e 2015 y1l-Lgl-% Ort. Protein 985 1059 981 743 443 1093 VL0 450 403 1032 931 97T LLGE6 693 117 950 900 88 845 1315 1030 1463 81 1271
== 2005 -2l Ot Protein B0l 7% 663 68D 556 G688 68 513 546 873 850 7B 885 637 977 100E 595 9E% 1043 1090 349 1031 1009
2007 yil-31-5 Ort. Protein B985 BAs AR OBOD 73T 933 85D 1305 BB 680 1406 1338 97% 1119 1B 12012 1730 1435 114 15,18 936 1814 1440 1050
Dozlar ve bitkiler ve yillar
== 2014 pli-a; uypulama dncesi-¥ Ot Protein == 20015 yli-Lgl-% Ort. Protein = B -2yl Ot Protein 2000030156 O, Pratein

Sekil 5. D konularinda mera bitkilerinde % protein degerleri

% Protein
1600
1500
Z 1200 A /\k A A A
w
10,00
300
i
o 600
n\° 400
00
o4 b keted b keteg b ketel b keteg b ketel
i i
adacan man Reven Fleae brom  adacay sosan Feen e brom adagay man Reven Flegt brom  adacay sosan aeven et brom - adacay man Reven Flegt brom
¥ n ¥ n W n V. n V. n
big 52 54 56
Slantol 1 tonfda [Ki) Tonfda[KM] Aton/da [KM) # tonfda kM)
A TOPRAK VUZEYINE SERPME BLEM Gince ve sonra VILLARA GORE BITKILER
=200 4yll-ac uygulama Gnoesih Ort. Protein 85 841 708 865 975 B0 TR TA5 537 873 950 991 935 95§13 901 943 1307 853 78 931
= Z0L S yil-Lypl % Ort, Protein LF - R ] 331079 TAL 7O 947 399 1266 112 998 837 393 1261 738 1369 920 553 127 &7 1087 1023 747
b= F0 6yl 291 % Ort, Protein L0689 628 TAL 589 037 Gpb 1301 793 858 945 Uy 1060 837 Bab  BSL OeF 20F 831 BEY 105X 1000 1051 973 836
201711305 On. Protein 822 792 910 839 1085 866 1219 BS5 8BS 1008 970 1219 900 812 1112 1009 1L 937 805 125 1025 103 913 988
Dozlar ve bitkiler ve yillar
== 014y -ag wygulama Bnoesi % Ort, Protein === 301511 % Ort. Protein == 2006yl 2401 Ort. Protein 2017 yih-3l 5 Ot Protein

Sekil 6. S konularinda mera bitkilerinde % protein degerleri
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Bitkideki protein agisindan bakildiginda, Uygulamalar
arasinda fazla bir faklilk yoktur. S uygulamasinda
uygulama ve bitkilerin protein orani genel ortalamasi
% 8.95 iken, D uygulamasinda bu oran % 9.27 olarak
hesaplanmistir(Sekil 5,6). Bitkilere gére uygulamalarin(S
ve D olarak) sirasiyla ortalama protein oralart ada cayinda
(Salvia  absconditiflora) % 10.23 ve % 10.06,¢oban
yasuginda (Acantho limonulicinum var. ulicinum) % 8.70
ve % 9.10, gevende (Astragalus onobrychis) %10.04 ve %
10.05, ketegende (Noaea mucronata) % 8.86 ve % 9.59,
bromda(Bromus tectorum) % 6.94 ve % 7.55 olarak
bulunur iken, uygulanan dozlar itibariyle(S ve D olarak),
S1 ve DI'de % 8.76 ve % 7.73, S2 ve D2de % 9.21 ve
% 9.28, S4 ve D4'de %9.48 ve % 10.10, S8 ve D8de ise
% 9.98 ve % 10.76 olarak tespit edilmistir. Tiirkiyede
yemler {izerine yapilan arasurmada, Konya yoresinde dogal
merada elde edilen vetabii durumda kurutulan kuru otun
ham protein degeri % 6.75 bulunurken, farkli sehirlerden
alinan(45 farkli yer) kuru otlarin ortalama protein oranlari
% 8.57 olarak bulundugu belirtilmistir. Dogal alanlardaki
kuru otlarin besin degerlerine yetistigi cevre, bitki gelisim
sathalar1 ve botanik kompozisyonlar: etki etmektedir. Ayni
arastirmada Artvinden gelen numunede protein orani
% 10.99 bulunmustur(Kara, 1967). Elde edilen veriler
Tirkiye'nin 45 farkli yerinden elde edilenler ile yapilarak
ortaya konulan veriler ile uyum igindedir. Burada da
goriildagi gibi bitkiler arasinda farkliliklar meveut ve doz
arurimt ile de ortalama protein degerlerinde az miktarda
artiglar gorilmistiir. Azot tespitinden gidilerek yapilan
hesaplamalar protein hakkinda bilgi vermekle birlikte

protein dist yapilart da temsil ettigi unutulmamalidir.

4. Sonug

Genel olarak, mevcut sunumdaki farkliliklar birincil
olarak, yillar boyunca degisen iklimden, bitkilerin yillar
itibariyle kok ve govde biiytimelerindeki farkliliklarindan,
botanik kompozisyonundaki degisimde toprak icindeki
itibariyle hareketlerinden

mineral maddelerin  yillar

ve birbirlerini etkilemelerinden, organik maddeleri
parcalayan ve toprak iklimiyle ve nem durumuyla etkilenen
saprofit bakterilerinin faaliyetlerindeki farkliliklarindan

kaynaklandig1 tahmin edilmektedir. Coziinen mineral besin
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maddesinin bitkiye ulasgiminin ve kullanimini etkileyen en
onemli faktdr tastyict rolii de olan su yani yagistir. Yesil
ve kuru ot verimi parametrelerine bakildiginda yillar arast
yagis farkliiginin yani su fonksiyonun olduk¢a kayda
deger etki ettigi ortaya cikmistir. Cok ekstrem iklime
sahip yagisin olduke¢a diisitk oldugu bélgelerde (132.6
mm ve alt yagis) uygun nitelikteki aritma ¢amurlarinin
(biyokat1) materyalinin kullanilmamasi gerekmektedir.
Yagisin en azindan 250-300 mm oldugu hatta daha fazla
300 mm iistil, yag1s rejimi tagtyan bolgelerde yonetmeligine
uygun nitelikli aritma ¢camurlarinin (biyokati) kullanilmast

sonucunu ortaya koymaktadir.

Bu calismada, agir metal sinirlari dikkate alinarak
tavsiye edilen doz, her ii¢ yilda bir olmak tizere D ve S
uygulamasinda D1 dozunun (1 ton/da KM) uygun oldugu
proje sonug raporunda belirtilmistir (Micevher vd., 2020).
Buna gore, genel ortalama(2014-2017) itibari ile yesil ot
verimi D1 dozu i¢in 406 kg/da iken, S1 dozunda 335
kg/da olarak hesaplanmistir. Golgede kurutulan kuru ot
verimlerinde ise ayni sira ile 200 kg/da ve 165 kg/da olarak
tespit edilmigtir. Bu ¢alismada, merada aritma ¢camurunun
uygulanmadigi (2014 yili) verilerine goére yesil ot verimi
ortalamasi 241.2 kg/da, kuru ot verimi ortalamast 117.2
kg/da olarak bulunmugstur. Merada toprakta ve bitkide
agir metal sinir degerleri ve zenginlesme fakeorii dikkate
alinarak tavsiye edilen doz, her ii¢ yilda bir olmak tizere, D
uygulamasinda D1 dozunun (1 ton/da KM) uygulandig;
parsellerde genel ortalama (2014-2017 yillari) itibari ile
yesil ot verimi D1 dozu i¢in 406 kg/da, golgede kurutulan
kuru ot verimlerinde ise 200 kg/da olarak hesaplanmistir.
Onerilen her ti¢ yilda bir olmak iizere, D1 dozunda (1 ton/
da KM), merada yesil ot veriminde ortalama olarak %68.32,
kuru ot veriminde ise, %70.64 arus oldugu gorilmiistiir.
Ancak bu verimler toplam ot verileri olup, yem degeri
olan yarayish ot verimleri degildir. Bu degerler Orta
Anadolu Bélgesinde yillik yagisin 280 mm oldugu kurak,
erozyonun hikim oldugu verimsiz bir merada elde edilen
onemli bir sonugtur. Yine bitki ile kaplt alan ve buradaki
iyilesme agisindan da 6nemli sonuglar belirlenmis olup, bu
uygun toprak ortamunin olusmasi ile birlikte ot verimine
paralel tiir sayisinin da artigin tespit edilmigtir(Acar vd.,

2024). Bu sonucu destekleye bir diger aragtirma Van

P



[linde, yine aritma gamuru kullanilarak yapilmis benzer
sonuglar alinarak, aragtirma sonucunda, 2.5 ton/da/
yil aritma ¢amuru uygulamasinin yari kurak alanlarda
alttan sulamali otlaklarda biyokati giibre olarak tavsiye
edilebilecegini vurgulamaktadir. Nitekim; Tarman(1972),
bitkileri

kardeslenmeyi kuvvetlendirdigini, seyreklesen yerlerde

iyi hazirlanmis  kompostun siklastirdigini,
uygulanan tohumun buralari ¢cabuk kapattugini ve duruma
gore de verimi %100’e kadar arturdigini ifade etmistir.
Ekolojik farkliliklar nedeniyle toprakta, bitkide agir metal
zenginlesme faktorleri dikkate alininca, Karapinar gibi
kendine 6zgii ekolojik sartlarda bu arasurmada ti¢ yillik
ara ile 1 ton/da evsel atiksu aritmadan ¢ikan ve islemlerden

gecirilen aritma camurunun kullanilabilecegi belirlenmistir.

Tesekkiir: Bu makale TAGEM tarafindan desteklenen
TAGEM/TSKAD/14/A13/P05/04 numarali “Auk su
¢amurunun erozyona ugramis mera alanlarinda kullanim

olanaklarinin  degerlendirilmesi”

derlenmis olup, TAGEM’e desteklerinden dolay: tesekkiir

ederiz.
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Ankara Ili Beypazari Ilgesi Bazi Sulama Sular:
Kalitesinin Belirlenmesi ve Visual MINTEQ Modeli ile
Jeokimyasal Tiirlegmelerin Tahmini

Determination of the Quality of Some Irrigation Waters in Beypazar1 District of Ankara
Province and Prediction of Geochemical Speciation Using the Visual MINTEQ Model

Ozet
Sorumlu Yazar

Muhittin Onur AK(; A Son derece sinirli ve yenilenemeyen toprak ve su kaynaklari,

moakca@ankara.cdu.ir yanlis arazi kullanimlari ve iklim degisikligi gibi faktorlerin

0000-0003-4540-9371 etkisiyle hizla tiikenmektedir. Kurak ve yari kurak bolgelerde

yeraltt sulart sulama icin kritik bir kaynak olsa da disiik

kaliteye sahip olmasi nedeniyle dikkadli kullanilmalidir. Bu

Yazar

So nay SOZUDOGRU OK calismada, Ankara ili Beypazari ilgesinin kirsal alanlarindan

ok@agri.ankara.edu.tr alinan sulama suyu 6rneklerinin su kalitesi bakimindan kimyasal

0000-0002-4629-7140 ozellikleri analiz edilmigtir. Visual MINTEQ jeokimyasal
modeli kullanilarak yapilan iyon tiirlesme analizlerinde, serbest

Yazar kalsiyum (Ca*?) orant %54.6 ile %72.8 arasinda, siilfat (SO4?)
[lThami BAYRAMIN orant ise %65.5 ile %73.1 arasinda bulunmugtur. Sodyum (Na")
bayramin@ankara.edu.tr iyonunun serbest formu %93.7 ile %98.4 arasinda, magnezyum
0000-0001-7342-0178 (Mg™) iyonunun serbest formu ise %59.7 ile %77.1 arasinda

degisim gostermistir. Temel Bilesen Analizi (PCA) sonuglarina
gore, su orneklerinin kimyasal bilesimini belirleyen en énemli
parametrelerin Ca, pH, SO ve EC oldugu goriilmustiir. Mineral
doygunluk indeksi (SI)’ne gore ise dolomit CaMg(CO3), ve kalsit
(CaCO;) gibi minerallerin agiri doygun oldugu, buna karsin
halit (NaCl) ve jips (CaSO4-2H,0) gibi minerallerin ¢dziinme
egiliminde bulundugu tespit edilmistir. Bu bulgular, suyun
yiiksek tuzluluk icerdigini ve sulama i¢in bazt 6nlemler alinmasi
gerektigini ortaya koymaktadir. Bu ¢alismanin sonuglari, Visual

Génderilme Tarihi - 31 Ekim 2024  MINTEQ jeokimyasal modelinin iyon tiirlesmeleri ve mineral

Kabul Tarihi : 06 Aralik 2024 doygunluk hesaplamalarinin, suyun sulamaya uygunlugu ve su-
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kaya¢ etkilesim siireclerinin daha iyi anlagilmasina katki

sagladigini gostermektedir.

Anahtar kelimeler: Su kalitesi, kimyasal tiirlesme,
Visual MINTEQ

Abstract

Extremely limited and non-renewable soil and water
resources are rapidly depleting due to factors such as
improper land use and climate change. In arid and semi-
arid regions, groundwater is a critical resource for irrigation,
yet its low quality necessitates careful use. In this study, the
chemical properties of irrigation water samples collected
from rural areas of Beypazari district, Ankara province, were
analyzed in terms of water quality. Ion speciation analyses
performed using the Visual MINTEQ geochemical model
revealed that the free calcium (Ca**) ratio ranged from
54.6% to 72.8%, while the sulfate (SO42") ratio was
between 65.5% and 73.1%. The free form of sodium (Na")
ions was found to range from 93.7% to 98.4%, and the free
form of magnesium (Mg?*") ions varied from 59.7% to 77.1%.
According to the Principal Component Analysis (PCA)
results, the key parameters defining the chemical composition
of water samples were identified as Ca, pH, SOy, and EC.
Based on the Mineral Saturation Index (SI), minerals such as
dolomite CaMg(CO3), and calcite (CaCOj) were found to be
supersaturated, while minerals like halite (NaCl) and gypsum
(CaSO42H,0) showed a tendency to dissolve. These findings
indicate that the water has a high salinity content and requires
specific precautions for irrigation use. The results of this study
demonstrate that the Visual MINTEQ geochemical model’s
ion speciation and saturation index calculations contribute to
a better understanding of water suitability for irrigation and

water-rock interaction processes.

Keywords: Water quality, chemical speciation, Visual
MINTEQ

Giris
Stirdiiriilebilir tarim ve gida giivenligi icin, hali hazirdaki
arazi kullanim planlamalarinin  gézden gegirilmesi ve

yenilenmesi gerekliligi ortaya ¢ikmugtir (FAO 2011). Biiytik

kaynaklar kullanilarak yapilan sulama, toprak koruma,
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arazi kullanim planlamasi ve toplulastirma gibi yatirimlarin
dogru yonetilmesi i¢in topraklarin kullanim potansiyelinin
ortaya ctkarilmasina ihtiya¢ bulunmaktadir. Uluslararast
bir anket calismasindan elde edilen veriler, arazi kullanim
planlamasi, su kaynaklart ve yonetim politikalarinin
kiiresel iklim degisikligi ile giiglii bir iligki icinde oldugunu
gostermigtir (Kalfas vd. 2024).

Birgok iilkede, 6zellikle kurak ve yart kurak bolgelerin
kirsal alanlarinda iklim degisikliginin hidrolojik déngii, su
dengesi ve akis 6zellikleri tizerindeki etkisi tilke genelinde
ve yerel diizeyde onemli bir stres fakeorii haline gelmistir
(Kang vd. 2009). Bu tiir bolgelerde yeralti suyu genellikle
tek sulama kaynagidir. Genellikle sinirli yagis ve yiiksek
buharlasma orani nedeniyle yeralu suyunun kalitesinin

diisiik olmasina ragmen, sulama igin biiyitk bir kismi
kullanilmaktadir (Jalali ve Kolahchi 2009).

[klim degisikliginin etkisinin artmast ile var olan sularin
degisen kalite degerleri daha da 6nem kazanmisur. Kurak ve
sicak iklimlerde sulamaya elverisli su miktar1 diigiik oldugu
gibi kalitesi de sulama agisindan diisiik olmaktadir. Sonug
olarak su kalite degerleri ve su miktari var olan bitki tiretim
deseninin degismesi gerekliligi kaginilmazdir. Turkiye
sanildig1 gibi su zengini bir {ilke degildir. Giintimiizde
su sorunlarinin yasanmaya basladig1 bir tilke durumuna
gelmigti. Bunun baglica nedenlerinin topografyadaki
diizensizlikler nedeniyle kaynaklarin kontrol edilememesi,
yagislarin - ve  kaynaklarin = bolgelere  gore  dengesiz
dagilim gostermesi soylenebilir (Anonim 2006). Sudaki
coziinebilir tuzlarin konsantrasyonu ve bilesimi, sulama
kalitesini belirlemektedir. Sulama amagli su kalitesinin
degerlendirilmesinde dort temel fakedr bulunmakeadir:
Bunlar, (i) tuzluluk (EC), (ii) sodyum tehlikesi (sodyum
adsorpsiyon orani-SAR), (iii) bakiye sodyum karbonatlar
(RSC) ve (iv) iyon toksisitesidir. Bor ve kloriirlerin
bitkilere olan toksisiteleri de énem tasimaktadir. Sulama
suyu kalitesinin topraga ve bitkiye olan etkileri; topragin
fiziksel ve kimyasal 6zelliklerine, yetistirilen bitkinin tuza
dayanimina, bélgenin iklim &zelligine, uygulanan sulama
yontemine, sulama araligina ve sulama suyu miktarina bagli
olarak degisiklik gostermektedir (Rhoades 1972). Sulama

sularinin kalitesi, yeralt suyunun nasil ¢ikarildigina ve

kullanildigina, yagis yogunluguna ve akifer beslemesine

g



bagli olarak cesitli bolge, iilke ve lokasyonlarda farklilik
gostermektedir. Bu nedenle sulama suyunun kalitesinin
belirlenmesi olduk¢a 6nemlidir. Oniimiizdeki siirecte
tarimsal desenin yeniden belirlenmesi yoluyla gida giivenligi
icin simdiden tedbir alinmasini gerektirecek verilerin ortaya

konulmasi 6nem tagtmaktadir.

Sularin mineral bilesiminin kimyast biytik ol¢iide
sularin gectigi ortamdaki kayaglar ve suyun etkilesimine
yani bolgenin jeolojik yapisina baglidir. Buharlasma
nedeniyle ¢okelme de yeralti suyunun kimyasal bilesimini
degistirebilir ancak kayac-su etkilesimi ana siirectir ¢iinkii
kat1 fazlar yeralti suyunun ¢oziinmiis bilegenlerinin birincil
kaynak ve depolaridir (Elango ve Kannan 2007). Metal
tiirlendirme cevresel bir 6rnekte farkli metal tiirlerini
ve bunlarin olusum bicimlerini tanimlama ve ol¢me
stirecidir. Analitik yontemlerle tam tiirlesme hakkinda bilgi
saglanmast bilgisayar modellemeleri ile yapilan kadar basit
ve kolay degildir. Sudaki iyonlarin konsantrasyonunun yani
stra tiirlesme de su kalitesi agisindan 6nemli bir etkendir. Bu
konuda iyonlarin formlarini ortaya koymak icin birtakim
yazilimlar  gelistirilmistir. “Visual MINTEQ” yazilimi
da bunlardan birisidir. Gerek suda gerekse topraklarda
bulunan iyonlarin konsantrasyonu ve iyonik tiiri pH’nin
bir fonksiyonu olarak ele alarak jeokimyasal yapiya bagli su-
kayag etkilesimini modellemeyi saglamaktadir (Gustafsson
2014). Bu yazilim dogal sular icin metal tiirlesmesi,
cozuniirlik dengesi, adsorpsiyon vb. hesaplamalarina
yonelik bir kimyasal denge modelidir. Bu model ile veri
tabanindan alinan denge sabitleri kullanilarak ortamda
bulunan iyon tiirlesmesi belirlenebilmekte ve kat fazlari
iceren ¢oziiniirlitk hesaplamalart gerceklestirilebilmektedir
(Benjamin 2015).

Ankara ili Beypazar ilgesi, ilin biuyiik ol¢tide meyve
ve sebze ihtiyacini kargilamaktadir. Beypazar’nda 2014
yilinda tarla bitkileri tarimi 19603 da (%18.58), sebze
tarimt 78080 da (%74.00) ve meyvecilik 7837 da
(%7.43) alanda yuritiliip toplam sulanan alan 105520
dadir (Anonim 2016). Ilgede hakim sulama yagmurlama
sulama yontemidir ve sulamada genel olarak yeralt suyu
kullanilmaktadir. Ankara’nin ilgelerinde 6zellikle de Ayas,
Beypazari, Polatli, Kazan, Gélbast ve Cubuk ilgelerinde
cogunlugu sulama amacli olmak tizere ¢ok sayida kuyu

agilmaktadir (Anonim 2017). Izinsiz acilan kuyular yeralt
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su seviyesini diisiirmekte ve ylizey sularina gore daha temiz

olan yeralti sularini tikketmektedir.

Bu calismanin amaci, siirdiiriilebilir arazi yonetim
planlamast aragtirmasi kapsaminda Beypazari ilgesinin
kirsal alanindan alinan sulama suyu 6rneklerinin su kalitesi
bakimindan mekansal dagiliminin  degerlendirilmesi
ve Visual MINTEQ versiyon 3.1 (Gustafsson 2014)
jeokimyasal modeli kullanilarak sularin iginde bulunan
kalsiyum, magnezyum, potasyum, sodyum, kloriir, siilfat,
bikarbonat ve gibi kimyasal tiirleri belirlemeyi, mineral
doygunluk indekslerini (SI) bulmay: ve hidrojeokimyasal
stireclerle (iyon degisimi, ¢oziinme ve ¢okelme) temsil
edilen su-kayag etkilesimlerini degerlendirmektir. Yogun
tarim yapilan bu ilcedeki su 6rneklerinin sulama sularinin
kalitesinin detayli bir sekilde ortaya konulmasi su- toprak
yonetiminin siirdiriilebilirligi agisindan 6nemli bir katks

saglayacakur.

2. Materyal ve Metot

2.1 Caligma Alani

koylerde

strdiiriilebilir arazi ydnetim planlamast projesinin bir

Bu calisma Beypazari ilgesine bagli
boliimiinde yer alan su kalitesi parametrelerinin belirlenmesi
kapsaminda yiiriitiilmisgtiir. Calisma alaninin jeolojik yapist
olusumlarin Neojen yash oldugunu gostermektedir (Sekil
1). Olusumlarin biiyiik bir kismi tortul yapidadir, geri
kalan kisim ise volkanik kokenlidir. Bolgenin kuzeyinde
neojen volkanoklastik fasiyesine ait volkanik kayaglar
goriilmektedir. Miyosen ¢okelleri, ki, jips, kumtast, cakiltast,
silttast ardalanmali olarak olusmustur. Miyosen ve Paleosen
cokellerine ait ¢okeller ve jipsli gorseller bulunmaktadir.
Mesozoyik ofiyolitleri (ofiyolit, bir magmatik olusumlart
sonucu olugmus kayag) bulunmaktadir. Ust kretase flisler
Beypazari'nin kuzeybat bolgesinde yer almaktadir. Genel
olarak havzaya bakildiginda kuzeyde volkanikler, batida
metamorfikler, ortada golsel ¢okeller bulunmak {izere
3 grupta toplanmugtr. Kirbagi Platosu tizerinde genis bir
alanda Ust Miosen birimleri yer almaktadir. Gri, yesil,
boz, sar1, sarimst beyaz ve beyaz renkli, altta konglomera,
kumtagi, kiltagi, tistte ise kiregtagt ve jips yapilanmalar
bulunmaktadir (Tiirkan 2013).
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Metamorfik

Sekil 1. Caligma alani ve jeolojik yapist

2.2 Su Orneklerinin Alinmast

Beypazari ilgesi Kirbagi, Kayabiikii, Tacettin koyi
ve Fasil koyleri ¢evresinden 5 adet (S1, S2, S3, S4, S5)
su ornegi almmigur. Su orneklerinin alindigi yerlerin
koordinatlari su sekildedir: S1(40°44°91”D-44°24"18.4”K);
S2  (40°27°54”D-44°27°77.3’K);  S3  (40°39°78"D-
44°24°18.4” K; S4 (39°96°61°D-44°27'44.27K), S5
(40°20°90”D-44°39’71.6"K).

Aragtirma alanindaki arazilerden alinan 5 adet yeralu
suyu ornegi siseler iyice kapauldiktan sonra kutulara
konulmus ve kisa siirede laboratuvara nakledilmistir ve +4
°Cde buzdolabinda muhafaza edilmistir. Analiz yapilacag
zaman Srnekler Whatman 42 filtre kigidindan stiziilmiis ve

analiz i¢in hazir hale getirilmistir.

2.3 Su Kalitesi Analizleri

Sulama amacgli kullanilacak sularda temel olarak
yapilmasi gereken temel analizler: pH, elektriksel iletkenlik
(EC), suda ¢oziinebilir katyon (Ca”, Mg, Na’, K) ve
suda ¢oziinebilir anyon (HCO3’, SO,?, CI ve B) analizleri
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yapilmistir (Richards, 1954). Sodyum (Na) ve potasyum
(K) fleymfotometre, kalsiyum (Ca) ve magnezyum (Mg) ise
EDTA ile titrimetrik olarak analiz edilmistir. Anyonlardan
kloriir (Cl) glimiis nitrat titrasyonu, karbonat (CO,?) ve
bikarbonat (HCO),) siilfiirik asit titrasyonu ile belirlenmis,
siilfac (SO,?) ise eriyebilir katyonlarin toplamindan CI,
CO,?ve HCO;, toplaminin gikartilmast ile hesaplanmistir.
Analiz edilmis olan Na*, Ca*? ve Mg** degerlerinden sodyum
adsorpsiyon orani (SAR) hesaplanmistir. Bor Azometin-H
yontemiyle yapilmistr (Wolf 1971).

2.4 istatistiksel Analiz

Her bir 6rnekleme noktasindan elde edilen su kalitesi
parametreleri arasindaki iligkileri anlamak i¢in Pearson
Korelasyon Analizi ve Temel Bilesen Analizi (PCA)
yapilmistr. Elde edilen grafikler OriginPro 2021 yazilim1
(OriginLab Inc., Northampton, MA, ABD) kullanilarak
suyundaki
Visual MINTEQ
3.1 kimyasal denge modeli kullanilarak belirlenmistir
(Gustafsson 2014).

olusturulmugtur. ~ Sulama degiskenlerin

jeokimyasal  tiirlesmesi versiyon

—



Bulgular ve Tartigma

3.1 pH ve Elektriksel Iletkenlik (EC)

Sularin pH degerleri 7.20-7.91 arasinda degismistir. pH
siniflamasina gore notr ile kuvvetli alkali siniflart arasindadir
(Tablo 1). Sulama amach kullanim igin 6rneklerin pH
degerleri pH:6.5-8.5 arasi uygun olarak kabul edilmektedir
(Ayers ve Westcot 1994). S5 nolu 6rnek drenaj suyudur.
Sulamada su kisitliligr ve kiiresel 1stnma nedeniyle drenaj
sularinin sulamada kullanilmasi ¢ogu iilkede zorunluluk
haline gelmistir. Ornegin, iilkemizde Konya Ovas’'nda
drenaj suyu sulamada kullanilmaktadir (Ciftgi vd. 1995).
Dolayistyla su kalitesi agisindan degerlendirilmesinde fayda
vardir. Diger yandan bazi aragtirmacilar tarafindan sulama
suyunun pH’i, toprak tarafindan tamponlanma egilimi
nedeniyle toprak kalitesi agisindan ¢ok gerekli bir kriter

olarak kabul edilmemektedir. Bitki agisindan bakildiginda

Tablo 1. Su 6rneklerinin kimyasal 6zellikleri

M
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da cogu bitki genis pH araliklarini tolere etmektedir
(Rhoades 1972).

Su 6rneklerinin elektriksel iletkenlik (EC) degerleri
980 ile 9740 pmhos cm™ arasinda degismistir (Tablo
1). Su orneklerinin tuzluluga iliskin analiz sonuglarinin
ABD  Tuzluluk Laboratuvar

Diyagramina dayanilarak; tuzluluk zarar1 ve SAR degerlerine

degerlendirilmesinde,

gore hesaplamalar yapilmus ve siniflandirilmistir. Buna gore, S2
nolu 6rnek hari¢ EC degerleri, Tuzluluk zarar1 > 2250 pmhos
cm oldugu i¢in Cok Yiiksek Tuzlu Su (T4) sinifina girmekte
olup ¢ok fazla miktarda tuz icermekeedir. Su 6rneklerinden
S2 nolu 6rnek ise EC degeri 750-2250 pmhos cm™ arasinda
oldugu i¢in Yitksek Tuzlu Su (T3) sinifinda bulunmaktadur.
Su orneklerinin ilk 4’ SAR degerleri 10'dan kiigiik oldugu
icin (SAR degeri 0-10 arasinda) Diisitk Sodyumlu Su (A1)
sinifinda yer almaktadir. SAR degeri 10'nun tizerinde olan S5
nolu su 6rnegi ise sodyum zarari agisindan orta sodyumlu su

(A2) sinifinda yer almakeadir.

Parametre Su Ornekleri

S1 S2 S3 S4 S5
pH (25°C) 7.59 7.39 7.62 7.20 791
EC (25 ° C) (umhos cm™) 2305 980 2420 4020 9740
CO3‘2 (me/L) 0.00 0.00 0.00 0.00 0.00
HCO3’ (me/L) 7.00 2.20 2.40 7.00 6.60
Cl' (me/L) 4.00 0.20 0.40 10.00 26.60
SO, (me/L) 14.74 14.02 29.27 31.86 92.25
Na*  (me/L) 8.26 0.56 0.45 14.43 65.47
K (me/L) 0.38 0.06 0.04 0.31 1.54
Ca™  (me/L) 11.48 8.20 26.56 15.48 24.44
Mg (me/L) 5.62 7.60 5.02 18.64 34.00
Ca+Mg (me/L) 17.10 15.80 31.58 34.12 58.44
SAR 2.82 0.199 0.113 3.494 12.11
Bor — B (ppm) 0.086 0.184 0.076 0.054 0.080
Suyun Sinifi T4A1 T3A1 T4A1 T4A1 T4A2
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Ozellikle drenaj kosullarinin yeterli olmadig1 yerlerde
kullanilmamalidir. Disitk Sodyumlu Su (A1) sinifinda
bulundugu i¢in her toprak ve bitki i¢in uygundur. Sodyum
sorunudogurmadansulamadakullanilabilir. Sadecesodyuma
hassas bitkilerin sulanmasinda dikkatli davranilmalidir. Elde
edilen biitiin bu tespitler dogrultusunda S1, S3 ve S4 nolu
ornekler sulama suyu kalitesi agisindan T4A1 (Cok Yiiksek
Tuzlu — Disitk Sodyumlu Sulama Suyu) sinifinda olup,
normal kogullarda sulamaya uygun degildir. Ancak drenajin
ve toprak gecirgenliginin ¢ok iyi oldugu topraklarda, tuza
cok dayanikli bitkiler yetistirilmesi (Richards 1954) ve

damla sulama yontemi tercih edilerek kullanilabilir.

Orneklerden S5 nolu su 6rnegi EC degerine (9740
pmhos cm™) gore Tuzluluk zarari> 2250 pmhos cm™; Yitksek
Tuzlu Su (T4) sinifinda bulunmakea olup ¢ok fazla miktarda
tuz icermektedir. Normal sartlarda sulamaya uygun degildir.
Su kisiti olan yerlerde topraklarin fazla gecirgen olmasi,
uygun drenajin saglanmasi, yitkamanin fazlaca uygulanmasi

ve tuza ¢ok dayanikl: bitkilerin yetistirilmesi gibi tedbirlerle
kullanilabilir.

Gorildigi gibi sularda tuzluluk fazla, alkalilik daha
dustiketir. Aslinda S5 nolu 6rnegin degerleri 1,3 ve 4’ten
daha biiyiik olmasina ragmen ayni sulama suyu sinifi kalitesi
grubunda yer aldig1 goriilmektedir. Beypazar’nda ilgenin
kuzey ve giiney bolgeleri ile Kirmir Cay1 altivyonlarinda
iyi kalitede, batida neojenin tuzlu jipsli birimlerinde koti
kalitede sularin ¢ikugi belirtilmistir. Kirbagi, Kayabiikii,
Tacettin koylerine yakin alanlardan alinan su 6rneklerinde
edilmistir (Eltan 2007). Bu arasurmada sularin disiik
kalitede olmasinin nedeninin jeolojik yapiyla iliskili oldugu

goriilmekeedir.

3.2 Toplam Katyon ve Anyon

Su 6rneklerinin toplam katyon ve anyon dagilim (me/L)
siralamasi degisim gostermekle birlikte, katyonlardan Ca'nin
baskin oldugu, bunu sirasiyla Na, Mg ve K'nin izledigi
goriilmiistiir. Kurak ve yari kurak bélgelerde, yeralti suyu
genellikle tek sulama kaynagidir ve kalitesi genellikle sinurls
yagls ve yliksek buharlasma oranlari nedeniyle diisiikeiir.
Bu tiir sular, ¢ogunlukla kalsiyum (Ca*?) ve sodyum (Na’)

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say1: 380

Zn‘ L h q
@ 'MUHENDISLIG!

iyonlari gibi biiyiik miktarlarda ¢6ziiniir tuzlar icerebilir (Jalali
ve Kolahchi 2009). Anyonlardan SO,? baskin durumda
olup HCO, ve CI sirasint izledigi goriilmekredir (Tablo
1). Sulama suyu pH degeri 8.2'den diisiik olmasi halinde
karbonat miktari ¢ok az olmali ya da hi¢ bulunmamalidir. Su
orneklerinin pH’lart 8.3’ten diisiik oldugu icin CO,? iyonu
belirlenmemistir. HCO,™ iyonlari, Cl" iyonlarindan daha
yiiksek bulunmustur.

Su analizlerinde elde edilen temel katyon ve anyonlar ile
olusan genel kimyasal kompozisyonu ve oranlart gostermek
icin “Piper Diyagrami”ndan faydalanilmistr ($ekil 2). Piper
diyagrami kisaca su sekilde ifade edilmektedir. Bu diyagram,
anyon ve katyonlarin ayri ayr1 gosterildigi iki eskenar tiggen
ve tiim iyonlarin birlikte gosterildigi bir eskenar dértgenden
olugmaktadir. Egkenar bir tiggenin her kenar1 50 esit pargaya
bolinmistiir. Diyagram ¢izilirken, birinci liggenden esas
anyonlar (SO O COg‘z, HCO; ve Cl), ikinci tiggenden ise
esas katyonlar (Ca™, Mg ve Na+K)'dan faydalanilmaktadur.
Merkez kisim ise katyon ve anyon konsantrasyonlarinin
birlesiminden  olusan genel kimyasal kompozisyonu
gostermektedir. Elde edilen diyagram, calismada kullanilan
su 6rneklerindeki temel anyon ve katyonlarin (me/L) oranlart
kullanilarak  olusturulmustur. Piper diyagraminda iyon

miktarlart her zaman % olarak ifade edilmektedir (Piper

1944).

" 51

08 04 02 00

00 02 04 05 08 10
Ca [¢]

Sekil 2. Su o6rneklerinin Piper diyagramma gore

bilesenlerinin dagilim1 (%)

g




Sekil 2’deki Piper diyagramindaki veriler, S1 nolu
ornegin yitksek Na+K orani (%0.4) ile sodyum ve
potasyumlu minerallerin ¢6ziinmesini, S2 nolu 6rnegin
yiiksek HCO,+CO, orani (%0.6) ile karbonatli minerallerin
¢oziinmesi veya yeraltt sularinin karbonat bakimindan
zengin oldugu géstermektedir. $3, S4 ve S5 nolu 6rnekler
daha dengeli iyon dagilimlarina sahiptir. Bu farkliliklar,
suyun kimyasal bilesimindeki jeolojik ve evresel faktorlere

dayali degisiklikleri yansitmaktadir.

Orneklerin (S1, S2, S3 ve S4) temel bilesen analizi
(PCA) degerlendirmeleri Sekil 3ada gosterilmistir. PCA
grafiginde, PC1 toplam varyansin %061.68’ini, PC2
%24.08’ini ve iki bilesen birlikte %85.76’lik bir varyanst
agiklamakradir. Siilfat, EC, Mg ve Cl gibi parametreler
PC1 iizerinde saga dogru (+) yogunlasarak bu bilesen
tizerinde biiyiik bir etki gostermektedir. S4 nolu 6rnekte bu

parametrelerin birlikte artugi goriilmekeedir.

-0,5 0,0 05 1,0

53 Hos8
804 H06
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‘ g *54 +02
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0,0

PC 2 (24.08%)
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*52 ‘ 4-04
«31 —4-086

—4-08

-1 0 1 2
PC 1 (61.68%)

Sekil 3a. S1, S2, S3, S4 nolu 6rneklere ait temel

bilesenler

Orneklerin (S1, S2, S3 ve S4) korelasyon matriks
degerleri Sekil 3b'de gosterilmistir. Bu matrikse bakildiginda,
HCO, ve K (0.98), Cl ve Na (0.98) arasindaki yiiksek
pozitif korelasyon, pH ve Mg arasindaki yiiksek negatif
korelasyon (-0.93) oldugu goriilmektedir. Korelasyon
katsayist 0.5’in iizerinde olan diger ciftler, 6rnegin EC

ve SO, (0.80) ve Cl ve HCO, (0.84), orta-yiiksek iligki

g —
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gostererek bu degiskenlerin belirli ¢evresel veya kimyasal

stireclerde birlikte etkilesime girebilecegini gostermektedir.

O’h
& & F o & *

pH . . 031 . 032
o L X X |
HCo3 . . 0,12

cl . 0.49

504 .
Na

0,38

037

Sekil 3b. S1, S2, S3, S4 nolu 6rneklere ait korelasyon

matriksi

Orneklerin (S1, S2, S3, S4 ve S5) temel bilesen
analizi (PCA) degerlendirmeleri Sekil 4ada gosterilmistir.
PCA grafiginde, PCl toplam varyansin %75.71’ini,
PC2 %14.49’unu ve iki bilesen birlikte %90.20’lik bir
varyans a¢iklamaktadir. PC1 {izerinde Ca, pH, SO » EC
gibi parametreler saga dogru (+) yogunlasarak bu bilesen
tizerinde biiyiik bir etki gostermektedir. S5 drneginin diger
su orneklerine gore ¢ok daha yiiksek EC degeri nedeniyle
diger 4 6rnegin kimyasal icerik ayricaligini gérmek icin

ayrica PCA analizi yapilarak degerlendirme yapilmistir.
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Sekil 4a. S1, S2, S3, S4, ve S5 nolu 6rneklere ait ait

temel bilegenler
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Sekil 4b. S1, S2, S3, S4 ve S5 nolu orneklere ait

korelasyon matriksi

Orneklerin (S1, S2, S3, S4 ve S5) korelasyon matriks
degerleri Sekil 4bde gosterilmistir. One gikan yiiksek pozitif
korelasyonlar arasinda, EC ve Cl (0.99), Na ve K (0.99), K

ve Cl (0.97) ve SO, ve Na (0.96) gériilmektedir; bu durum
bu iyonlarin birlikte artis gésterme egiliminde olduklarini
isaret etmektedir. pH ve Mg arasindaki 0.43’liik daha disiik
pozitif korelasyon ise, bu iki degiskenin ayni yonde ancak
daha zayif bir korelasyon sergiledigini gostermektedir. Ca
ve SO, arasinda gozlemlenen 0.65’lik orta diizeyde pozitif
korelasyon, bu iyonlarin birbiriyle uyumlu arts gosterme
potansiyeline isaret etmektedir.

Visual MINTEQ Modeli ile Kimyasal Denge
Hesaplamasi

Visual MINTEQ version 3.1 yazilim: kullanilarak
hesaplanan tahmini toplam anyon, katyon ve yiik farks
degerleri Tablo 2'de gosterilmistir.  Su  &rneklerinde
¢oziinmiis bulunan iyonlarin konsantrasyonu en yiiksekten
diistige gore su sekilde siralanmaktadir: $5>54> §3>51>82.
Orneklerden S2 nolu érnek diger 6rneklere gore daha
az ¢oziinmils, S5'te digerlerine gore daha ¢ok toplam
¢oziinmits madde icermektedir. Katyon ve anyon yiikleri
arasindaki denge farki Tablo 2°den gorildiugi gibi <%5’ten
diisiiktiir.

Tablo 2. Su 6rneklerinin visual MINTEQ programu ile hesaplanan kimyasal parametreleri

Yiik S1 Y) 3 S4 S5
¥ Katyon (eq kg™) 2.1401E-02 1.2434E-02 2.1655E-02 3.8228E-02 9.7065E-02
% Anyon (eq kg™) 2.1488E-02 1.2540E-02 2.1785E-02 3.8228E-02 9.7493E-02
Yiik farki (%) 0.203161 0.422 0.2978 0.291721 0.219599

3.4 Elementlerin Jeokimyasal Tiirlesmesi (denge ¢ozeltisi pH degerleri ve katyon ve anyonlarin
toplam konsantrasyonu) (Tablo 1) Visual MINTEQ

1 1 1 iyonl iirlesmelerini
Sulama sularinda bulunan iyonlarin tiirlesmelerinin yazilimina girilmistir. Bu model tarafindan simiile edilen

degerlendirilmesi ve mineral doygunluk indekslerini cesitli tiirlerin dagihmi (%) Tablo 3’te, minerallerin

belirlemek amaciyla su 6rneklerine ait kimyasal parametreler ~ doygunluk indeksleri ise Tablo 4’te gosterilmistir.

Tablo 3. Su 6rneklerindeki baslica iyon tiirleri (%)

Tiirler Iyon Tiirleri Su 6rnekleri
S1 S2 S3 S4 S5
Kalsiyum tiirleri (%)
Serbest iyon Ca*? 72.91 72.80 66.14 66.59 54.63
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Inorganik CaClL+ 0.368 0.02 0.031 0.704 1.182
CaSO, (sulu) 22.99 25.96 32.75 30.13 42.33
CaHCO,+ 3.109 1.075 0.882 2.378 1.348
CaCO, (sulu) 0.619 0.138 0.185 0.184 0.493

Sodyum tiirleri (%)
Serbest iyon Na* 98.14 98.38 97.45 96.99 93.76
[norganik NaCl (sulu) 0.138 -- 0.013 0.308 0.676
NaSO,- 1.474 1.53 2.449 2.487 5.377
NaCO; 0.019 - - - 0.029
NaHCO, (sulu) 0.229 0.076 0.073 0.205 0.152

Magnezyum tiirleri (%)

Serbest iyon Mg 77.08 77.12 71.10 71.09 59.7
fnorganik MgCl+ 0.616 0.034 0.053 1.192 2.047
MgSO, (sulu) 19.31 21.84 27.96 25.55 36.75
MgCO, (sulu) 0.328 0.073 0.1 0.098 0.27
MgHCO,+ 2.647 0.917 0.763 2.045 1.186
Mg,CO,+2 - - - 0.026

Potasyum tiirleri (%)
Serbest iyon K*! 97.96 98.02 96.85 96.50 92.49
Inorganik KCI (sulu) 0.137 1.963 0.013 0.306 0.667
KSO,- 1.895 ---- 3.136 3.187 6.834

Bor tiirleri (%)

Serbest iyon H,BO, 77.08 98.12 96.40 98.59 92.32
Inorganik CaH,BO,+ 0.316 0.153 0.676 0.143 0.754
NaH BO, (sulu) 0.024 — - 0.016 0.32
H,BO, 2.615 1.631 2.835 1.137 5.922
MgH BO,+ 0.098 0.09 0.082 0.11 0.683

Karbonat tiirleri (%)
Serbest iyon CoO,? 0.276 0.16 0.303 0.119 0.765
Inorganik HCO-, 90.95 89.12 89.11 84.74 88.41

H,CO,* (sulu) 4.404 7.004 3.958 9.6 1.8

MgCO, (sulu) 0.125 0.117 0.1 0.117 0.693
MgHCO,+ 1.013 1.463 0.765 2.442 3.045
CaHCO,+ 2.456 1.87 4.746 2.387 2.515
CaCO, (sulu) 0.489 0.241 0.995 0.185 0.919
NaCO, 0.021 0.018 - 0.013 0.293

g—
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NaHCO3 (sulu) 0.261 — 0.013 0.384 1.524
Mg,CO,+2 - - - - 0.034

Kloriir tiirleri (%)
Serbest iyon Cl 98.75 98.93 98.61 97.90 96.46
Inorganik CaCl+ 0.526 0.41 1.036 0.544 1.29
MgCl+ 0.427 0.63 0.329 1.095 0.038
KCl (sulu) 0.013 0.02 - - 1.663
NaCl (sulu) 0.284 - 0.015 0.444 0.860

Siilfat tiirleri (%)
Serbest iyon SO,? 73.09 72.99 65.52 68.26 67.54
inorganik MgSO, (sulu) 7.273 11.698 4.719 14.77 13.38
CaSO, (sulu) 17.88 15.16 29.66 14.64 11.20
NaSO,- 1.654 0.122 0.075 2.256 7.642
KSO,- 0.098 0.017 - 0.062 0.227

Su ornekleri Ca tiirleri agisindan incelendiginde;
S1, 82, 83, S4 ve S5 igin Ca’nin baskin formunun, yani
¢oziinmiis Ca'nin sirastyla %72, %72.8, %66.1, %66.6 ve
%>54.6’ti serbest Ca*? iyonlarindan olustugu goriilmektedir.
Kalsiyum, sularin ¢ogunda biiyiik ol¢iide ¢oziiniir. Baskin
inorganik tiir, rneklerin hepsinde sulu kalsiyum siilfat
(CaSO,)’ur ve 6rneklerde bulunus sirast $5>53>54>52>51
olup coklugu ise %42.3, %32.8, % 30.1, %26 ve
%23'diir. Daha sonra Canin HCO; formu (%1.08-3.11)
gelmektedir. Sodyumun serbest iyonlari (Na*), suda en
kolay ¢6ziinebilir kimyasal tiiriidiir. Su 6rneklerinde (S1,
S2, S3, S4 ve S5) sirastyla ¢oziinmiis Nanin yaklagik
%98.1, %98.4, %97.5, %97 ve %93 iinii olusturmustur.
Goriildigii gibi su 6rneklerinin serbest Na (%)’si diger
formlarin (%) sine gore ¢ok yiiksektir. S1, S2 ve S3 benzer,
S4 bu orneklere yakin, S5 nolu ornek ise biraz daha
dusiikeiir. Yine 6rneklerde bulunan diger inorganik tiirlere
gore baskin tiir formu sodyum siilfattir (Na,SO,). Bu oran
(%) 5.38-1.47 arasinda degismektedir. Sodyum siilfat
formunun Slve S2 nolu orneklerdeki degerleri birbirine
benzer, S3 ve §4 nolu 6rneklerin degerleri birbirine yakin,
S5 nolu érnegin degerinin ise digerlerine gore daha yiiksek
oldugu goriilmektedir. Sulu NaCl (6rnek S2 haric), sulu
Na,CO, tiirleri (6rnek S2, S3 ve $4 harig) diger 6rnekler i¢in
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%1’in alundadir. Sulu sodyum kloriir (%) S2 nolu 6rnekte
bulunmamustir, S3 de ise ¢ok diisitk bulunmugtur, S1 ve
S3, $4 ve S5 igin %0.13-%0.30 arasinda degismistir. Sulu
NaHCO, %0.07-0.22 arasinda degismistir. Ozetlersek,
oransal olarak inorganik tiirlerin (%)’si serbest Na
(%)’sine gore ¢ok disiiktiir. Potasyum, sodyum gibi suda
¢oziiniir olma egilimindedir. Potasyumun, %92-98-iniin
serbest (K*), %0.13-%1.96’sinin kloriir, %0-6.83 siilfat
olarak bulundugu gériilmektedir. Dogal bir su sisteminde,
¢oziinmils magnezyum (+2) oksidasyon durumunda
bulunur. Yeraltt suyu o6rneklerindeki Mg tiirlenmesinde
Mg'un %71-77’si serbest formda (Mg™), SO, (%19.31-
36.8) ve HCO, (%0.92-2.65) formlar1 da Mg'un inorganik
formunda bulunmaktadir. Inorganik tiirler kompleksinde
CO,? formlar1 gok diisiikriir, buna kargilik diger anyonik
CI>HCO,)> SO,? (%98.8-96.4)
(%90.95-84.74) ve (%73.09-65.52) oranlari ile izlemistir.
Karbonat formlari arasinda karbonattan ziyade HCO,
(%90) formu hakimdir, H,CO,>CaHCO,>MgHCO,
sirasini izlemistir. CaCO3, MgCO3 ve NazCO3 formlarinin

formlar, strasint

¢oziinmiis miktarlart ¢ok diisitk oranlardadir. Siilfat
tiirlenmesi, siilfatin ana sulu formunun serbest siilfat
iyonu (SO,?) oldugunu géstermistir. Bu inorganik tiirler

cesitli kogullar altinda bulunus olarak CaSO, > Na SO, >

——



MgSO, > K,SO, strasint izlemistir (Tablo 3). Orneklerdeki
CaSO, dagihmi (%) S$3>581>52>84>55  seklindedir.
Ibrahim ve Nofal (2020), yeralu suyunun kalite ve
Visual MinteQ
yazilimi kullanarak jeokimyasal tiirleri belirlemisler ve Ca*?,
K, Mg*, Na*, Cl, SO_? NO,, F, HCO,

serbest iyonlar halinde dagilim gosterdigini belirtmislerdir.

hidrojeokimyasinin  belirlenmesinde

-, ve Fe*? nin

Obiefuna ve Orazulike (2010) Nijeryada yeralu sular: ile
yaptiklari ¢aligmada iyon tiirlerini Visual Minteq yazilimi

ile belirlemiglerdir.

3.5 Su-Kaya Etkilegim Siiregleri

Bir suyun icindeki kaya¢ veya minerallerin yaklasik olarak
anahatlarininbelirlenmesiveayricayeraltisuyununjeokimyasal
evriminden sorumlu kimyasal reaksiyonlarin tanimlanmast
ile suda meydana gelen ¢oziinme ve ¢okelme reaksiyonlart
degerlendirilebilir (Ibrahim vd. 2019). Doygunluk indeksleri

(SI), akifer matrisindeki su ve mineraller arasindaki dengeyi

Tablo 4. Doygunluk indeksi (SI) degerleri
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belirlemede yardimci olur. SI, hangi minerallerin yeraltisuyuna
veya yeralti suyundan ¢oziindiigiinii veya ¢okeldigini, yeraltu
suyu yapisina hakim oldugunu veya jeokimyasal reaksiyonlara
hakim oldugunu gostermeye yardimer olur. Doygunluk
durumlari, iyon aktivite triininiin (su Orneklerindeki
aktiviteler) ve ¢oziiniirliik tirtiniiniin (dengedeki aktiviteler)
kargilagtirilmasiyla  belirlenir  (Appelo ve Postma 2005).
“Visual MINTEQ”
modelleme yaziliminda yer alan bir hesaplama ile yapilmustir
(El Gammal ve Ibrahim 2017). Minerallerin doygunluk
indeksi degerlerine gére su drneklerinin 4’tinde (S1, S3, S4

Mineral doygunluk  durumlari,

ve §5) dolomit ordered, dolomit disordered, kalsit, aragonit
ve vevaterit ile agir1 doygunluk goriilmektedir (pozitif degerler
doygunlugu gostermektedir), S2 ise dolomitle CaMg(CO,),
astrt doygundur (Tablo 4). Bu minerallerle asiri doymusluk,
bu fazlarin muhtemelen kimyasal reaksiyonlara katlmadigini
ve ayrica doygunluk indeksinin eski minerallerin ¢6kelmesini

ortaya koydugunu gostermektedir.

Ornek No S1 S2 S3 S4 S5
Mineral Doygunluk indeksi (SI)
Anhidrit -0.877 -0.971 -0.358 -0.626 -0.273
Aragonit 0.669 -0.129 0.509 0.275 0.909
Brusit -4.885 -5.116 -4.938 -5.253 -3.758
CaCOstZO(S) -0.523 -1.321 -0.683 -0.918 -0.285
Kalsit 0.813 0.015 0.653 0.419 1.053
Dolomit (disordered) 0.915 -0.402 0.188 0.521 1.863
Dolomit (ordered) 1.465 0.148 0.738 1.071 2.413
Epsomit -3.405 -3.22 -3.295 -2.762 -2.344
Jips -0.628 -0.722 -0.11 -0.378 -0.027
Halit -6.191 -8.64 -8.472 -5.596 -4.589
Huntit -1.572 -3.93 -3.434 -1.965 0.792
KCl(s) -6.88 -8.963 -8.877 -6.617 -5.575
Kirectast -20.193 -20.703 -19.839 -20.955 -19.533
Magnezit -0.498 -1.018 -1.065 -0.497 0.210
Vaterit 0.246 -0.551 0.087 -0.148 0.487

*pozitif degerler: asir1 doygun, negatif degerler: doygun degil

—
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Diger degerler (negatif) suyun doygun olmadigt
mineralleri gostermektedir. Bunlar jips, florit, halit (NaCl)
gibi minerallerdir (Tablo 4). Bu minerallerin ¢evresel
kogullarin degismesine bagli olarak ¢oziinmesi muhtemel
olabilir. Yeraltr suyunun kalsit ile doygunlugu, ortak iyon
etkisi veya bunun neden oldugu ¢okelme olarak bilinen
durumu ifade eder (Langmuir 1997). Bu durum kurak
iklimlerde jipsin ¢dziinmesiyle agiga ¢ikan Ca*nin daha
fazla kalsitin ¢okelmesine ve yeralu suyunun kalsit ile
asir1 doygunlasmasina yol agugini gdstermektedir (Edet
vd. 2004). Karbonat agiri doygunlugu, silikat aginma
siireglerinden  kaynaklanan agirt Ca™® ve Mg™ iyon
girdisinden kaynaklaniyor olabilir. Ibrahim ve Nofal (2020),
Misirda yapuklart bir calismada ti¢ ayri alandaki yeralu
suyu orneklerinin doygunluk indekslerini belirlemisler ve
kalsit, aragonit, magnezyoferrit, gibsit, ferrihidrit, gétit,
hematit gibi mineraller agisindan asirt doymus oldugunu

ifade etmislerdir.

Sonug

Sonug olarak, bu calisma, Beypazari ilgesinden alinan
sulama suyu O6rneklerinin digiik kaliteli oldugunu ve
yiiksek tuzluluk icerigi nedeniyle sulama amagli kullanimda
dikkatli olunmasi gerektigini ortaya koymustur. Visual
MINTEQ modellemeleri ve mineral doygunluk indeksleri,
suyun bilesiminde 6zellikle Ca” ve SO,? iyonlarinin
yogun ¢oziiniirlitk gosterdigini ve bu iyonlarin yiiksek
biyoyarayisliliga sahip oldugunu ortaya koymustur.
Dolomit ve kalsit gibi minerallerin agiri doygun olmasi,
suyun jeolojik yapinin etkisi alunda kimyasal ozellikler
kazandigini dogrularken, halit ve jips gibi minerallerin
¢oziinme egiliminde olmasi nedeniyle sulama sirasinda zel
onlemler alinmasinin gerekliligi ortaya konulmustur. Suyun
kalitesini etkileyen jeokimyasal faktédrler, siirdiiriilebilir
tarim ve su kaynaklarinin korunmasi agisindan énemlidir.
Bu kapsamda, Visual MINTEQ modellemesinin iyon
tirlesmeleri ve mineral doygunluk degerlendirmelerinde
sagladigi detaylarla su-kayac etkilesimleri ve su kalitesi

tizerinde kisa siirede katk: sagladig: belirlenmistir.

Yazar Katkis: Bu makale Ankara Universitesi
BAP tarafindan desteklenen Proje No: 1500447001:

“Ankara’nin Koyleri Tarimsal Arazi Kullanim Planlamast”
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baglikli, Bilimsel Aragtirma Projesinin bir béliimiinden

tretilmigtir. ~ Yazarlar konunun projelendirilmesi  ve

degerlendirilmesinde ortak rol almugladur.
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