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ABSTRACT

Some bio-technical properties of flax seeds, fennel seeds, and
harmal seed capsules were determined. The size dimensions
(length, width, and thickness) of flax seeds and fennel seeds were
as 4.31_mm, 2.28 mm, 0.87 mm; 6.93 mm, 2.13 mm, 1.75 mm, Received: 25.02.2020
respectively. The diameter and length for harmal seed capsules Accepted: 29.05.2020
were 9.07 mm and 6.65 mm, respectively. The true density (o)
was determined using the liquid displacement method, and the
bulk density (o») was determined using the hectolitre tester. The

RESEARCH ARTICLE

bulk density for flax seeds, fennel seeds, and harmal seed Keywords :

capsules were determined as 384.3 kg m3, 270.5 kg m3 and

201.5 kg m3, while, true density was found as 1256.5 kg m, > Flax seed,

664.6 kg m3, 936.2 kg m3 for flax seeds, fennel seeds, and > Fennel seed,
harmal seed capsules, respectively. The sphericity of for flax | > Harmgl See(_i capsule,
seeds, fennel seeds and harmal seed capsules were obtained as | ~ Size dimension,
0.47, 0.43, 0.72, respectively. The angle of repose was obtained > Bulk density,

as 13.84° 17.35°, 29.94° for flax seeds, fennel seeds, and harmal | » Angle repose

seed capsules, respectively. The rubber friction surface has given
the highest static friction coefficient for flax seeds, fennel seeds,
and harmal seed capsules.

To cite: Yilmaz G, Altuntas E (2020). Some Bio-Technical Properties of Flax Seeds, Fennel
Seeds and Harmal Seed Capsules. Turkish Journal of Agricultural Engineering Research
(TURKAGER), 1(2): 222-232. https-//doi.org/10.46592/turkager.2020.v01i02.001

INTRODUCTION

Today, traditional food, feed and fiber crops are a basic plant in agriculture and trade,
they are also considered as the main natural inputs in perfumery and chemical
industries with aromatic and therapeutic properties in the World (Ahmadi et al., 2009).

Flax seed (Linum usitatissimum L.) is a member of the Linaceae family. It is origin
to Western Asian and Mediterranean origin. Flaxseed was used by the Egyptians to
wrap their mummies, while the Greeks used their seeds for therapeutic purposes
(Oomah, 2001). Flax seed is a leading source of phenolic compounds (knows lignans)
and Omega-3 fatty acids. Flax seed is one of the most important oil plants in the world
economically. It is rich in oil, protein and dietary fiber. The main components such as
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fat, dietary fiber, and protein are 41%, 28%, and 21%, respectively. Flax seed sizes range
from approximately 3.0-6.4 mm in length, 1.8-3.4 mm in width and 0.5-1.6 mm in
thickness (Freeman, 1995). Flax seeds have a storage life of more than twelve
months for 9-10% moisture content. Flax seeds (Linum usitatissimum L.) are
used in the food industry due to their functional properties. (Coskuner and
Karababa, 2007). Flaxseed is one of the most important oil plants in the world
economically. It is rich in oil, protein and dietary fiber (Amer Eissa, 2011).

Flaxseed is an important raw material for functional foods, it has an important
economic potential in the food and chemical industries, thus, its biotechnical properties
must be known (Oomah and Mazza, 1998). These properties features are; design and
developing equipment for processing, handling, drying, storage and other operations. In
the process of removing flaxseed oil and its derivatives, the seeds undergo a series of
treatments. Therefore, it is necessary to know the biotechnical properties for the design
of the harvest and post-harvest machinery and facilities (Sahay et a/, 1996; Oomah and
Mazza, 1998). Cleaning, classification and grading of flax seeds are important steps
after harvesting to produce high quality crops (Amer Eissa, 2011).

Fennel (Foeniculum vulgare L.) is a plant belonging to the Apiaceae (Umbelliferae)
family. The fennel plant is native to the Mediterranean. Fennel seeds are cultivated in
many different geographies in India, China, Middle-East, Turkey, Europe, China, Iran,
Vietnam and South America. Bitter fennels are grown in north Bulgaria and Hungary.
The fennel seeds have anethole (more than 85%), and essential oil content (2.7%).
Anethole gives the plant a particularly sweet taste (Pukkaherbs, 2016). Fennel seeds
are used as culinary and medicinal. And also, the essential oils of the seeds are used to
making soaps, perfumes, cosmetics, and pharmaceutics (The Herb Society of America,
2016). Its ground is used in many foods (soups, sauces, pickles, etc). (Lucinewton et al,
2005). Fennel seeds have sweet (anise similar) and aromatic. They are baked into
biscuits, bread, and they are added to sauerkraut, and sweet pickles. Fennel seeds
compliment cucumber asparagus, and tomato (The Herb Society of America, 2016).
Fennel seeds have diuretic, analgesic and antipyretic activity (Lucinewton et al, 2005).
Fennel oils have antimicrobial, antioxidant, stimulating, and gastrointestinal motility
antispasmodic properties. Fennel seeds have a high level of flavonoids, and twelve 12
main phenolic compounds (Shafiee et al, 2010). It is necessary to determine the
biotechnical properties of the seeds for the design and development of the equipment
necessary for the cleaning, classification, drying, ventilation, storage and processing of
fennel seeds after harvest technologies.

Harmal (Peganum harmala L.), family Zygophyllaceae, is a perennial herb. It is
native to the eastern Mediterranean region. The growing area is semi-arid conditions,
steppe areas and sandy soils. It is one of the natural plants of Turkey. Peganum
harmala widely grown in Turkey. It is mostly referred to as ‘Uzerlik’. Peganum harmala
L. is a shrub, it has 0.3-0.8 m tall with short creeping roots and white flowers and round
seed capsules carrying more than 50 seeds. It contains many active substances such as
alkaloids, flavonoids, anthraquinones, and fatty oil. Harmal seeds are used in both
traditional and modern phytotherapy. Pharmacologically active compounds are
harmine, harmalin, harmane and harmalole. In traditional medicine applications,
harmal seeds are used as anthelmintic, menstrual flow, anesthetic, diaphoretic and
sedative. The peganum harmala is widely used as a medicinal plant in Central Asia,
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North Africa and Middle East (Kiismenoglu, 1996; Moloudizargari et al, 2013; Kiric1 et
al., 2018).

Fei et al (2017) have developed, alternative fuel as biodiesel production to diesel
engines from two kinds of new nonedible herbaceous vegetable oils, including Leonurus
artemisia L. and Peganum harmala L. According to the Peganum harmala L. (PHL)
biodiesel test results, PHL exhibited better oxidative stability. Also, Fei et al (2017)
reported it has great potential to be employed as promising feedstocks for biodiesel
production. Therefore, it is necessary to determine the biotechnical properties of the
Peganum harmala seeds for the equipment necessary for the handling and processing
for post-harvest technologies.

The information on bio-technical properties of the flax seeds, fennel seeds, and
harmal seed capsules are needed to design and adjustment of the equipments and
systems used during harvesting, handling, cleaning, separating, and storing of the flax
seeds, fennel seeds, and harmal seed capsules and to convert them into food, feed and
fodder (Tavakoli et al, 2014). The determination of bio-technical properties of flax
seeds, fennel seeds, and harmal seed capsules is very important in the design of the
post-harvest technologies.

The bio-technical properties of different seeds such as cumin seed, millet, hemp seed,
fenugreek, sponge gourd seeds, knotweed seeds, bitter melon seeds, quinoa seeds,
allspice seeds have been determined by other researchers such as Singh and Goswami,
1996; Baryeh, 2002; Sacilik et al., 2003; Altuntas et al, 2005; Ogunsima et al., 2010;
Onen et al, 2014; Golikeu et al, 2014; Altuntas ve Naneli, 2017; Altuntas ve Erdogan,
2017; respectively. The objective of this study was to investigate some bio-technical of
flax seeds, fennel seeds, and harmal seed capsules.

Statistical analysis such as mean standard deviation and standard error of mean
were determined with Microsoft Excel.

MATERIALS and METHODS

Flax seeds and fennel seeds materials used in this study were obtained from
Department of Field Crops, Faculty of Agriculture, Tokat Gaziosmanpasa University;
and the harmal seed capsule materials were obtained from a local market in Tokat-
Turkey. In this study, flaxseed (Linum usitatissimum L.) used 'Atalanta’ variety and its
color is brown. 1000 seed mass varies between 5.5-7.0 g. Seeds of this variety are used
in different ways in the food industry. The oil content of the seeds varies between 32-
37%. This variety has a high Omega-3 content. At the same time, the fennel seeds
(Foeniculum vulgare var. dulce) used in this study belong to a local population of
Balikesir origin. It is an annual plant that grows in the summer. 1000 seed mass ranges
between 4.0-5.0 g. The essential oil rate ranges from 1.5-2.5%, while the oil rate ranges
from 7.0-12.0%. The general view of the studied seeds (flax seeds, fennel seeds and
harmal seed capsule was presented in Figure 1. All these seed materials were cleaned
manually to remove from all dust, foreign matter, broken, and dirt. The moisture
contents of the seed materials for flax seeds, fennel seeds, harmal seed capsules were
determined at 105+1°C for 24 h by oven drying reported by Suthar and Das (1996). The
seed materials were replicated three times, and the mean moisture contents of flax
seeds, fennel seeds, and harmal seed capsules were found as 8.20%, 9.46%, and 9.98%
d.b. (dry basis) (Altuntas and Demirtola, 2007).
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Figure 1. Flax seeds (a), fennel seeds (b), harmal seed capsules (c)

To determine of size dimensions such as length, width and thickness of the flax seeds
and fennel seeds, the length (height) and diameter for harmal seed capsules, one
hundred seed samples were randomly selected, and size dimensions were measured at
an accuracy of 0.01 mm using a dial-micrometer. Some physical properties flax seeds,
fennel seeds, and harmal seed capsules such as the arithmetic mean diameter (D),
sphericity (@), geometric mean diameter (D), and volume (V) were determined
presented by Mohsenin (1986).

Dg = (%5 (1)
D, = (LWT)§ 2
¢ = (%) ®3)
v=[(%)awn] )

Where, D, is arithmetic mean diameter (mm), Vis the volume (mms3), @is sphericity
(%), Lis the length (mm), W is the width (mm), 7is the thickness (mm).
The surface areas of seeds such as the flax seeds, fennel seeds, and harmal seed
capsules, were found by analogy with a sphere of same geometric mean diameter, using
expression cited by Sacilik et al (2003).

S = Dgn (5)

Where; Sis the surface area (mm?), D, is the geometric mean diameter (mm).

The size dimensions for harmal seed capsules are defined as length and diameter.
Thus, for geometric and arithmetic mean diameters measurement, length (height) and
diameter were used. In the geometric mean diameter, arithmetic mean diameter and
seed volume calculation, the diameter dimension was used for the second time instead
of the thickness criterion.

L+w?
3

Dg = ( ) (6)
D, = (LW2)§ (7)

v=1() aw) ®
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The seed mass () and the thousand seed mass (M) were measured by an
electronic balance at an accuracy of 0.001 g. To evaluate Mioo seed mass, 100 randomly
selected seeds from the bulk were averaged (Sacilik et al, 2003). The true density (o)
and the volume (1) of the flax seeds, fennel seeds, and harmal seed capsules were
determined using the liquid displacement method. Toluene (C7Hs) is used as a liquid for
this method, because toluene is absorbed by the seeds to a lesser extent. Bulk density
(o») was determined using the hectolitre tester (Gupta and Das, 1993). The bulk density
is the ratio of the sample seed mass to its total volume. Bulk density was determined to
fill a 500 ml container with the studied seeds from a height of 150 mm at a constant
rate and then weighing the content (Ozarslan, 2002). The porosity (&) of flax seeds,
fennel seeds, and harmal seed capsules was determined by the following equation:

£ = [M] 100 9)

Pt

Where, p» and pr are the bulk and the true densities, respectively (Mohsenin, 1986).

The angle of repose is the angle with the horizontal at which the agricultural
material stands when piled into a cone. A topless and bottomless cylinder (300 x 500
mm diameter and height) was used in order to determine the angle of repose of flax
seeds, fennel seeds, and harmal seed capsules. The topless and bottomless cylinder was
placed at the centre of a raised circular plate and was filled with flax seeds, fennel seeds,
and harmal seed capsules. The cylinder was raised slowly until the cylinder formed a
cone on a circular plate. The angles of repose (6 for the flax seeds, fennel seeds, and
harmal seed capsules were calculated from the measurement of the diameter and height
of a cone flax seeds (Kaleemullah and Gunasekar, 2002).

0= tan"l(g) (10)

Where, A and r are the height of the cone and radius of the base of the cone,
respectively.

The static and dynamic friction coefficients for flax seeds, fennel seeds, and harmal
seed capsules were measured by a friction device (Figure 2). The friction force device is
formed by an electronic unit (PC, electronic ADC (analog digital converter) card,
electronic variator, mechanical force unit, and loadcell [(ESIT, SP-200 kg (min. 20 g,
max. 200 kg), Total error <+0.05, Serial 3575, Sakarya-Turkey)l, a friction surface, and
a metal box (Altuntas and Demirtola, 2007). The force of the friction was measured by
the loadcell, converted by the ADC card, and data were recorded on a computer. In order
to convert the analog information to digital and process it on the computer, an ADC
(analog digital converter card) that can be inserted directly into the computer slot with
a capacity of 16 channels was used in this study. To calculate the static and dynamic
friction coefficients, the maximum friction force and the average friction force values
were used respectively. To determine the coefficient of friction, the sample seeds box
continued to slide on the different friction surfaces at 0.02 m s* velocity. In this friction
experiments, rubber, chipboard, mild steel, galvanized metal, and plywood as the
surfaces of the friction were used. The sample box was emptied and refilled with flax
seeds, fennel seeds, and harmal seed capsules for each experiment (Sacilik et al, 2003).
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Travel direction
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Figure 2. A shematic of the measuring device of friction force

RESULTS and DISCUSSION

Physical properties

The size dimensions (length, width/diameter, thickness), surface area, geometric mean
diameter, and sphericity of the flax seeds, fennel seeds, and harmal seed capsules are
given in Table 1.

The size dimensions such as length values for fennel seed, flax seeds and harmal
seed capsules were found as 6.93 mm, 4.31 mm, and 6.65 mm, respectively. The width
values for fennel seeds and flax seeds were found 2.14 mm and 2.28 mm, respectively.
The thickness values for fennel seeds and flax seeds were obtained as 1.75 mm and 0.87
mm, respectively. Abalone et al (2004) reported that the length, width, and thickness
for Amaranth seeds were as 1.42 mm, 1.29 mm and 0.87 mm, respectively. Coskuner
and Karababa (2007) determined the length, width, thickness of flax seeds were found
as 4.74 mm, 3.67 mm and 3.39 mm at 7.10% d.b. (dry basis) moisture content,
respectively. Ixtaina et al. (2008), determined the length, width and thickness for white
salvia seeds (Salvia hispanica L.) as 2.15 mm, 1.40 mm, and 0.83 mm respectively.
According to these results, our results related to the size dimensions or fennel seeds are
higher than reported for flaxseed and flax seeds.

Table 1. The size dimensions, geometric and arithmetic mean diameters, surface area
and sphericity for flax seeds, fennel seeds, and harmal seed capsules

Length Width Thickness Arithmetic Geometric Surface Sphericity
mean mean area
Seeds diameter diameter
L (mm) W (mm) T (mm) D (mm) Dy (mm) S (mm? @

Fennel seeds 6.93+1.03 2.14+0.38 1.75+0.34 3.61+0.49 2.94+0.44 27.83+£8.03 0.43+0.05

Flax seeds 4.31+0.18* 2.28+0.11 0.87+0.09 2.49+0.08 2.03+0.09 12.97+£1.12 0.47+0.02
Harmal seed 6.65+0.69 9.07%*+0.81 - 8.25+0.65 8.18+0.68 208.5+15.49  0.72+0.32
capsules

*: Standard deviation (SD); **: Diameter

The geometric and arithmetic mean diameters were varied as 2.94 and 3.61 mm for
fennel seeds, 2.03 mm, and 2.48 mm for flax seeds, 8.18 mm, and 8.25 mm for harmal
seed capsules, respectively. The surface area and sphericity of fennel seeds were found
as 27.83 mm?and 0.43 and, for flax seeds were found as 12.97 mm?2and 0.47, for harmal
seed capsules were found as 208.46 mm?2 and 0.72, respectively. Zewdu (2011) reported
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that the geometric mean diameter and sphericity Ajwain seeds varied as 1.24 mm and
0.61 for 4.39% w.b. moisture content, respectively. According to these results, our
results related to the geometric mean diameter for fennel, flax seeds and harmal seed
capsules are higher than reported for Ajwain seeds, while, our results related the
sphericity values for fennel seeds and flax seeds.

The thousand seed mass, seed volume, true density, seed mass, and bulk density,
and porosity of the flax seeds, fennel seeds, and harmal seed capsules are presented in
Table 2. The thousand seed mass, seed volume, and seed mass, and values for fennel
seeds were varied as 10.82 g, 0.0166 mm3 and 0.0106 g, while the thousand seed mass,
seed volume, and seed mass and for flax seeds were found as 4.972 g, 0.0041 mm3, and
0.0050 g, respectively. The mass and volume of harmal seed capsules were varied as
0.832 g and 0.152 mm3, respectively. Selvi et al. (2006) reported that the thousand seed
mass was found as 6.0 g at 8.25% (d.b.) moisture content. Our results related to the
thousand seed mass for fennel seeds and harmal seed capsules are higher than reported
lower for flax seeds (Selvi et al, 2006).

Table 2. The thousand seed mass, true density, seed volume, seed mass, porosity, and
bulk density for flax seeds, fennel seed, and harmal seed capsules

Thousand Bulk Seed mass, Volume True Porosity
Seeds seed mass density, M 14 density, &

Mi000(g) o5 (kg m*) (g (mms3) 0: (kg m3) (%)
Fennel seeds 10.8240.22% 270.5£3.65  0.011**+0.003  0.017+0.012  664.6:14.0  59.08+0.54
Flax seeds 4.97+0.09  384.3£0.001  0.005+0.001 0.004+0.001  1256.5+24.4  68.53+6.11
Harmal seed 131.13£0.89 204.5£3.33  0.832%*%+0.002  0.152+0.003 936.2+45.7  77.02+2.41

capsules

*: Standard deviation (SD); **: Schizocarps mass; ***: Harmal seed capsule mass

Bulk density and porosity for fennel seeds were as 270.5 kg/m3 and 59.08%, for flax
seeds were as 384.3 kg m3 and 68.53%, for harmal seed capsule were as 204.5 kg m™
and 77.02%, while, the true density of fennel seeds, flax seeds, and harmal seed capsule
was found as 664.6, 1256.5 and 936.2 kg m™ at as 9.46%, 8.20% and 9.98% d.b.,
respectively. The bulk and true densities for cumin seed have reported as 410 to 502 kg
m=3, 1047 to 1134 kg m™3, whereas, the porosity of cumin seed changed from 54% to 64%,
respectively, by Singh and Goswami (1996). According to these results, our results
related to the bulk density and porosity for fennel, and harmal seed capsules are lower
than reported for cumin seeds.

Mechanical properties

The mechanical properties such as coefficient of static friction values of the fennel seed,
flax seeds and harmal seed capsules are presented in Table 3. The static friction
coefficient for flax seeds, fennel seeds, and harmal seed capsules was determined on the
friction surfaces of the plywood, galvanized metal, chipboard, rubber, and mild steel
(Table 3). The dynamic and static friction coefficients were the highest for flax seeds,
fennel seeds, and harmal seed capsules on the rubber friction surface. The highest and
lowest dynamic friction coefficient values of fennel seeds were obtained from rubber and
galvanized metal with 0.59 and 0.15 values, while the highest and lowest dynamic
coefficient of friction values of flax seeds and harmal seed capsules were obtained from
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rubber (0.80 and 0.42) and mild steel (0.64 and 0.28), respectively. The static friction
coefficient of the fennel seeds was as 0.28, 0.40, 0.72, 0.25 for plywood, chipboard,
rubber, galvanized metal and mild steel, respectively. The static friction coefficient of
flax seeds and harmal seed capsules was found as 0.33 and 0.28 for plywood, 0.39 and
0.29 for chipboard, 0.66 and 0.56 for rubber, 0.36 and 0.24 for galvanized metal, 0.28
and 0.19 for mild steel, respectively. The static friction coefficient of cumin seed varied
on stainless steel from 0.37 to 0.62, aluminum from 0.43 to 0.63, galvanized metal from
to 0.48 to 0.65, and mild steel from 0.54 to 0.70 in moisture content from 7 to 22% (d.b.),
respectively reported by Singh and Goswami (1996). Ixtaina et al. (2008) reported that
the static friction coefficient for chia seeds was as 0.31 on mild steel sheet and 0.28 on
galvanized sheet.

Altuntas and Naneli (2017) reported the static friction coefficient were found between
0.47 and 0.51 for chipboard; between 0.34 and 0.43 for galvanized steel, between 0.39
and 0.43 for rubber, between 0.43 and 0.49 for plywood, respectively, for white quinoa
seeds; while the static friction coefficient was found between 0.36 and 0.40 for
chipboard, between 0.37 and 0.41 for galvanized steel, between 0.40 and 0.44 for
plywood, between 0.34 and 0.36 for rubber friction surfaces, respectively for black
quinoa seeds. According to these results, our results related to the static friction
coefficients on mild steel and galvanized metal for fennel, flax seeds, and harmal seed
capsules are lower than reported for cumin seeds, while our results related the static
friction coefficients on rubber for fennel, flax seeds, and harmal seed capsules are higher
lower than reported for white and black quinoa seeds.

Table 3. The mechanical properties such as static and dynamic coefficient of frictional
properties and of the fennel seed, flax seeds and harmal seed capsules

Frictional Seeds Friction surfaces
properties Plywood  Chipboard Rubber Galvanized Mild steel
metal
Fennel seeds 0.29+0.03* 0.40+0.032  0.73+0.05 0.25+0.04 0.29+0.03
Static Flax seeds 0.33£0.02  0.39+0.04  0.66+0.06 0.36+0.04 0.28+0.03
coefficient
of friction gy ol seed 0.2740.02  0.29+0.04  0.56+0.03 0.24+0.07 0.19+0.05
capsules
Fennel seeds 0.21+0.004  0.28+0.01  0.59+0.01 0.15+0.03 0.17+0.01
Dynamic Flax seeds 0.46+0.03  0.51£0.02  0.80+0.06 0.45+0.02 0.42+0.03
coefficient of
friction Harmal seed 0.37+0.03  0.40+0.08 0.64+0.004 0.33+0.05 0.28+0.03
capsules

*:Standard Deviation (SD)

Angle of repose

The mechanical properties such as the angle of repose of fennel seeds, flax seeds, and
harmal seed capsules were found as 17.35° 13.84° 29.94°, respectively. The angle of
repose of fennel seeds, flax seeds, and harmal seed capsules are presented in Figure 3.
The angle of repose values for fennel seeds, flax seeds and harmal seed capsules are
lower than that of cumin, millet, sesame, reported by Singh and Goswami (1996),
Baryeh (2002) Tunde-Akintunde and Akintunde (2004), Altuntas and Naneli (2017)
determined the angle of repose values were found between 8.67° and 11.47°, 6.44° and
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10.25°, respectively for the white and black quinoa seeds, respectively. Our results
related to the angle of repose for fennel, flax seeds, and harmal seed capsules are lower
than reported for white and black quinoa seeds.

Angle of repose (°)
35
30 A
25
20 A
15
10
5 i

0 T T
Fennel seed Flax seed Harmal seed capsule

Seeds
Figure 3. The angle of repose of the flax seeds, fennel seeds and, harmal seed capsule

In this study, the mean moisture contents of flax seeds, fennel seeds, and harmal
seed capsules were measurement as 8.20%, 9.46%, and 9.98% d.b. (dry basis). In this
study, the higher moisture contented harmal seed capsules give higher angle of repose,
whereas flax seed with the lowest moisture content has the lowest angle of repose value
(Figure 3).

CONCLUSION

The biotechnical properties of flax seeds, fennel seeds, and harmal seed capsules
are required to design the machine and equipment used in postharvest
technologies of this agricultural materials. The following conclusions are drawn
from the investigation on biotechnical properties such as physical and
mechanical properties of flax seeds, fennel seeds, and harmal seed capsules.

The arithmetic and geometric mean diameters for flax seeds, fennel seeds,
and harmal seed capsules were found as 2.49 mm and 2.03 mm; 3.61 mm and
2.94 mm; 8.25 mm and 8.18 mm, respectively. The sphericity was found the
highest and lowest for harmal seed capsules and fennel seeds, respectively.

The highest and lowest bulk density of seeds were found for flax seeds, harmal
seed capsules, whereas, the lowest true density was observed for fennel seeds
flax seeds among the studied seeds.

The maximum static and dynamic coefficient of friction were found for rubber
friction surface among seeds for fennel seeds, flax seeds and harmal seed
capsules, while the lowest angle of repose of seeds was found in flax seeds than
the other studied seeds.
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OZET

Bu calismada, Corum ilinde, celtik tariminda makina kullamim

projeksiyonu tahminlemesi yapilmistir. Corum ilinde c¢eltik tiretim
mekanizasyonu asamalarinda kullanilan teknolojinin 11 wilhk ARASTIRMA MAKALESIH
uretim ve kullamim miktarlar1 esas alinarak 2030 yilina kadar
gececek siire zarfinda projeksiyon katsayilari hesaplanmis ve | Ahmsg tarihi: 18.03.2020
Turkiye'ye ait verilerle karsilagtirnlmistir. Projeksiyon katsayisi | Kabul tarihi: 22.06.2020
degerleri 5 farkli grupta (toprak isleme, ekim ve giibreleme, ilaglama,
hasat ve diger tarim makinalar) belirlenmistir. Celtik tariminda
kullanilan toprak isleme alet ve makinalarinda en yiksek | Apghtar Kelimeler:
projeksiyon katsayis1 degerleri dipkazan ve toprak frezesinde
sirasiyla %31.72 ve %17.55; ekim-giibreleme uygulamalarinda
kullanilan alet ve makinalarda sirt pulverizatéri ve kimyevi giibre
dagitma makinasinda sirasiyla %2.52 ve %9.26; ilaglama
uygulamalarinda kullanilan makinalardan traktor kuyruk milinden
hareketli pilverizatérde %2.78; hasatta kullanilan farkli yastaki
bicerdoverlerden 0-5 yas grubundaki bicerdéverlerde ise %1.04
olarak belirlenmistir. Corum ilinde celtik tretiminde kullanilan
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makinalarin projeksiyon katsayis1 degerlerinin Turkiye igin
belirlenen degerlere gore 6zellikle dipkazan, toprak frezesi, tesviye
aleti ve kimyevi giibre dagitma makinalarinda olduk¢a yiiksek
degerlerde oldugu gérulmustiir.
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Projeksiyonun Tahmini. Turkish Journal of Agricultural Engineering Research (TURKAGER), 1(2):
233-247. https-//dor1.org/10.46592/turkager.2020.v01102.002
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Estimation of Machine Use Projection in Paddy Agriculture in Corum
Province

ABSTRACT

In this study, the estimation of machine use projection in paddy
agriculture in Corum Province has been evaluated. 11 years of
production and use of the technology used as amounts of rice | RESEARCH ARTICLE
production mechanization in Corum were based. Then, the
related projection coefficients calculations were found and
compared with Turkey's overall statistical data during the 2030
periods. Projection coefficient values were determined in 5
different groups (soil tillage, sowing and fertilizing, spraying,
harvesting and other agricultural machinery). The highest | Keywords:
projection coefficient values for the subsoiler and rotary
cultivator from the soil tillage equipments used in paddy | » Paddy,

farming are %31.72 and %17.55; knapsack sprayer and fertilizer > Agricultural
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broadcaster from sowing-fertilizer tool and machinery are %2.52 production
and %9.26; PTO driven pulverizator from spraying machines is Lo -
, . . > Projection coefficient,
%2.78; combine harvesters of different ages such as 0-5 age > Tract
ractor,

groups used in harvest are %1.04, respectively. Especially, the )
projection coefficients of the agricultural machines such as | ~ Agricultural
subsoiler, rotary cultivator, leveling blade and fertilizer machinery,
broadcaster used in the paddy production of Corum province > Combine harvester
were found to be very higher according to the values from Turkey
values.

To cite: Bal M, Altuntas E (2020). Estimation of Machine Use Projection in Paddy Agriculture
in Corum Province. Turkish Journal of Agricultural Engineering Research (TURKAGER),
1(2): 233-247. https-//doi.org/10.46592/turkager.2020.v01i02.002

GIRIS

Diinyada 161 milyon hektar alanda ¢eltik tiretimi yapilmaktadir. En cok Asya kitasinda
uretimi yapilan celtik tariminda dinya celtik alanlarmnin %50’sini sirasiyla Cin,
Hindistan ve Endonezya karsilasmaktadir (TMO, 2016). Tiirkiye’de, 2000 yilindan
sonra uygulanan politikalar ve desteklemeler sonrasi ¢eltik tretiminde énemli artiglar
olmusg, 2016 yilinda 116 056 hektar ekili alanda 920 000 ton uretim miktar: ve
7 930 kg hal verim elde edilirken, 2019 yilinda 1 264 190 hektar ekili alanda
1 000 000 ton tretim miktar: ve 7 910 kg ha® verim elde edilmigtir. Celtik tariminda
ekim alani, tiretim miktar1 ve tiriin veriminde 6nemli diizeylerde artiglar gézlenmistir.
2016-2019 yihh arasinda ekim alanlar1 ve liretim miktarinda sirasiyla %8.93 ile %8.70
oraninda artiglar gerceklesmigtir (TUIK, 2020). Celtik, birim alanda diger birgok tirtine
gore karhlik acisindan avantajh bir tarim {iriiniidiir (Anonim, 2016). Celtik tarimi iller
bazinda incelendiginde, baslica Edirne, Samsun, Balikesir, Canakkale ve Corum
illerinin 2019 yili verilerine gore toplam Tirkiye Gretimi icerisinde sirasiyla %40.55,
%14.58, %12.55, %8.72 ve %5.96’l1ik paylara sahip oldugu, dolayisiyla bu illerin toplam
celtik tiretiminin %82.36’ini olusturdugu goriilmektedir (TUIK, 2020).

Corum 1li, ¢eltik tretimi acisindan Karadeniz bélgesinin 6nemli bir ilidir. Bayhan
(1993), Cukurova Boélgesinde celtik {iretiminin mekanizasyonunda kullanim
etkinliginin arttirilmasi gerekliligini aciklamistir. Cicek ve Celen (2000), celtik
tariminda makinalagsmanin tamamlanmasiyla trin veriminde 6nemli miktarlarda
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artiglarin saglanabilecegini ifade etmektedirler. Celtik tiretimdeki artiga, yeni tarim
alet ve makina kullanimlarinin 6nemli bir etkisi s6z konusudur. Bu noktadan
hareketle, ciftcilerin c¢eltik tretiminde kullandiklari traktér ile tarim alet-
makinalarinin mevcut durumunun, kullanim etkinliginin ve yeterliliginin belirlenmesi
ve buna iligkin projeksiyon tahminlemesinin yapilmasinin 6nemli oldugu séylenebilir.

Turkiye genelinde, bolge veya bircok il bazinda genel veya 6zel olarak tarimda
teknoloji kullanimina yo6nelik olarak traktér ile tarim alet ve makinalarinin
projeksiyonuna ait birgok calisma, arastirmacilar tarafindan yapilmistir. Destici ve
Ozarslan (2006), Soke ilgesindeki iglenen tarim alani, mevcut traktoér parki, tiniversal
ekim makinalari durumu ve degisimlerini, gelecek 11 yildaki traktor parki ile pnomatik
ekim makinasina olacak talebi belirlemeye ¢alismiglardir. Demir ve Kug (2016), I¢
Anadolu Boélgesindeki tarimda teknoloji kullanimina ait projeksiyonu gelecek 10 yila
iligkin olarak diskli traktér pullugu, toprak frezesi, traktorle g¢ekilen cayir bigme
makinasi, ot tirmigi, hububat ekim makinasi, tiniversal ekim makinasi, pnématik ekim
makinas1 ve kimyevi giibre dagitma makinas1 icin belirlemiglerdir. Demir (2013),
Mersin ilindeki tarimda teknoloji kullanim projeksiyonunu belirlemek i¢in, projeksiyon
katsayis1 degerlerini toprak isleme alet ve ekipmanlari, bitki koruma makinalari, ekim
ve gibreleme makinalarini i¢in dikkate almiglardir.

Demir ve Oztiirk (2013), Konya ilinde toprak isleme alet ve makinalarma iligkin
2023 yilina kadar projeksiyon katsayisi degerlerini, diskli traktér pullugu, kulakh
traktor pullugu, rototiller, toprak frezesi, kiltivator, digli tirmik, merdane, diskli
tirmik, ot tirmig1 ve karma tirmik icin belirlemislerdir. Malash ve ark. (2015),
Gineydogu Anadolu Bélgesindeki kullanilan toprak igleme alet ve makinalarinin cgesit
ve sayilarmmin 1999-2013 yillarn arasindaki dagilimini arastirarak gelecek 7 yil
zarfindaki degisimi regresyon modelleri kullanarak hesaplamig, gelecek yillara ait
senaryolar1 belirlemislerdir. Demir (2015), I¢ Anadolu Bélgesinin bitki korumada
kullanilan teknolojisini ve 2023 yilina kadar ki projeksiyon katsayisi degerlerini;
pilverizator, atomizor, sirt piilverizatorii ve tozlayici i¢in belirlemistir. Baran ve ark.
(2019), Tirkiye'nin tarimsal teknoloji kullanimina ait projeksiyonun hesaplanmasinda,
Turkiye’deki yaygin olarak kullanilan 40 farkli tarim alet ve makinasindan 35 adedine
ait alet ve makinalarin projeksiyon katsayilarinin pozitif oldugunu ve gelecek yillara
gore artislarin gorilebilecegini ifade etmislerdir.

Tarimsal uygulamalarda teknoloji ve makina kullanimi, Giriin veriminin artigina
dolayh olarak etki yapmakta, alternatif tiretim metotlarinin uygulanmasini, tarimsal
uygulamalarin etkinligini, ekonomikligini ve c¢alisma sartlarini iyilestirmektedir
(Demir ve Kus, 2016). Tarimsal uygulamalarda teknoloji ve makina kullanimi, Tiirkiye
genelinde, bolgesel diizeyde, liriin tiretimi noktasinda da farklihklar gostermektedir.

Orta Anadolu ile Karadeniz gecit bdlgesinde yer alan Corum ilinin c¢eltik
uretimindeki mekanizasyonunun mevcut durumu ve ilgili mekanizasyon kullanimina
ait Turkiye'ye ait verilerle karsilagtirilmalar: 6nem arz etmektedir. Buna bagh olarak
gelecege yonelik projeksiyon tahminlemesinin yapilmasi, makina kullaniminin seyrinin
belirlenmesi, bu dogrultuda izlenecek politikalara yén verilmesi, gelecek senaryolarin
yapilarak hedef belirlemede 6nemli oldugu soylenebilir (Malash ve ark., 2015). Bu
amacla, bu calismada, Corum ilinde, ¢eltik tariminda makina kullanim projeksiyonu
tahminlemesi yapilmigtir. Corum ilinde celtik tretim mekanizasyonu asamalarinda
kullanilan teknolojinin 11 yillik tiretim ve kullanim miktarlar1 esas alinarak 2030
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yilina kadar gegecek siire zarfinda projeksiyon katsayilar1 hesaplanmig ve Tirkiye’ye
iligkin verilerle karsilagtirilmistir.

MATERYAL ve YONTEM

Bu calismada Bal (2018) tarafindan yapilan ve konusu Corum ilinde aycicegi ve celtik
tarimi yapan igletmelerin mekanizasyon diizeylerinin belirlenmesi olan yiiksek lisans
tez caligmasindan ¢eltik ile ilgili Giretimdeki tarim makinalar1 kullanimina ait bilgi ve
verilerden yararlanilmistir. Bu kapsamda, c¢eltik tretiminde toprak igleme, ekim ve
giibreleme, ilaglama, hasat iglemlerindeki mekanizasyon uygulamalarindaki alet ve
makinalar dikkate alinarak, Corum ilinin en son giincel verilerini icerecek sekilde 2009-
2019 yillarina ait veriler TUIKten alinmistir. Corum iline ait celtik tiretimindeki
kullanilan traktor ile tarim alet ve makinalarinin 2009-2019 yillari arasindaki 11 yillik
stre zarfindaki kullanim miktarlar1 g6z ontine alinarak, makinalarin sayisal olarak
artig ve azaliglar1 ylizde oranlar olarak hesaplanmis, bu ylizde oranlarin da ortalama
katsayilar1 saptanmigtir. Bir 6nceki yila iliskin makina sayisiyla ilgili o makinaya
iligkin katsayi ¢arpilarak, katsayilarin azalig veya artigi dogrultusunda, Corum ilindeki
celtik lGretiminde yaygin olarak kullanilan traktor ile tarim alet ve makinalarina ait
2030 yilina kadar gegen olan 11 yillik projeksiyonlari belirlenmigtir. Projeksiyon
katsayilarinda degerin negatif ya da pozitif ¢ikmis olmasina gore, mevcut alet ve
makina sayisinda azalis ya da artis olup olmadig1 da saptanmistir. Demir ve ark. (2013),
projeksiyon katsayilar1 degerlerinin negatif olarak ¢gikmasi durumunda tarim alet ve
makinalarinda azalis, pozitif olarak cikmasi durumundaysa artis oldugu seklinde
belirlenebilecegini ifade etmiglerdir.

Corum ilinde yogun celtik Uretimi yapan Osmancik ve Kargi ilgelerindeki
igletmelerin toplam tarimsal alanlarinin dagilimi, iretim deseni ve dagilim ile ¢eltik
uretim alanlar1 incelendiginde, toplam tarim alanlarinin %53.64Gintin 1-50 dekar
araliginda oldugu, isletmelerin genelde kiigik o0lcekli igletmelerden olustugu
goriilmektedir (Bal, 2018; Bal ve Altuntas, 2019). Corum ilinde celtik tariminda traktor
kullanimlar: incelendiginde ise isletmelerin %93.64intin bir traktére sahip oldugu,
isletmelerin %97.27’sinde traktor yas ortalamasinin 11.89 yil oldugu, traktér motor gii¢
gruplarinin 34.85-110 BG araliginda oldugu, ortalama motor giiciiniin ise 60.49 BG
sonucu ortaya cikmaktadir (Bal, 2018; Bal ve Altuntas, 2019).

Celtik tretimindeki igletmelerin sahip olduklar: tarim alet ve makinalar, yapilan
tarimsal uygulamalara gore; toprak isleme alet ve makinalari, ekim-giibreleme
makinalari, hasat makinalari, ilaglama makinalari ile diger alet ve makinalar olarak
gruplandirilarak Cizelge 1’de verilmistir. Genel olarak, sahip olunan tarim
makinalarmin icerisinde, kulakli pulluk, kiltivatér ve tarim arabasi kullaniminin
toplam makina kullanimindaki sayimmin %52’sini olusturdugu, toprak isleme
ekipmanlar arasinda ilk sirada %96.36 oraniyla kulaklh pulluk, ikinci sirada %94.55
oraninda kiultivatér kullaniminin yer aldigi gorilmektedir. Celtik tariminda tesviye
1sleminin 6neminden dolayi, igsletmelerde tesviye aleti/kiireginin %50 oraninda oldugu
gorilmektedir.
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Cizelge 1. Corum ilinde ¢eltik tariminda kullanilan traktor ile tarim alet ve makinalar
(Bal, 2018)

Table 1. Tractors and agricultural equipment and machinery used in paddy production
in Corum province (Bal, 2018)

Tarimsal islemler Tarim alet-makinasi

Kiiltivator (kazayag)
Kulakl pulluk
Merdane
Disli tirmik

Toprak isleme alet ve makinalari Diskli tirmik (diskaro)
Dipkazan
Kombikiiriim (karma tirmik)
Toprak frezesi (rotovator)
Tesviye kuregi

Ekim, giibreleme makinalar Atomizér (sirt tipi) ekim igin
Santrifiij glibre dagitma makinasi

Hasat makinasi Bicerdover

Traktor piilverizatori
Tlaglama makinas1 Sirt ptlverizatori

Atomizor (sirt tipi) ekim icin

Traktor

Diger baz1 alet ve makinalar
Tarim arabasi

BULGULAR ve TARTISMA

Corum ilindeki geltik tarimindaki mekanizasyon kullanim projeksiyonu

Toprak igleme alet ve makinalar::

Corum ilinde celtik tariminda toprak hazirliginda, toprak islemede en fazla tercih
edilen alet-makine kombinasyonlarinda kulakli pullugun kullanildigi kombinasyonlar
yer almaktadir. En yaygin kombinasyonun %61.81 oraninda pulluk+kiltivatér+tirmik
seklinde oldugu, bunun digsindaki kombinasyonlarin da rotovatér, iki kez pulluk ve iki
kez kiiltivatér kullanimlarinin oldugu agiklanmaktadir. Bazi durumlarda toprakta
pulluk tabani s6z konusu oldugunda dipkazan kullanildigi, arazi tesviyeleri icin daha
cok tesviye kiireginin kullanildigi, bunun yaninda lazerli tesviye aletiyle de tesviye
yapildigi, yorede ¢eltik iiretiminde tavalarin yapilmasinda da tesviye bicagi kullanimi
da s6z konusudur (Bal, 2018; Bal ve Altuntas, 2019). Corum ilinde celtik tariminda
toprak hazirhiginda kullanilan alet ve makinalarin 11 yillik stire¢cteki durumlar1 ve
projeksiyon tahminlemesi, Cizelge 2’de verilmigtir.

Cizelge 2’den gorilecegi gibi, Corum ilinde celtik tariminda toprak hazirliginda
kullanilan alet ve makinalarin ge¢mis yillarin degigsim oranlarina gore elde edilen
projeksiyon katsayilarinda makinalar arasinda en yiiksek degerler sirasiyla dipkazan
(%31.72), toprak frezesi (%17.55) ve tesviye aletinde (%11.84) goriilmiistiir. Buna karsin
en diisiik degerler ise sirasiyla kulakh pulluk (%1.03) ve kiiltivatérde (%1.10)
gozlenmigtir. Kulakli pullukta, 2018 yilinda, kiiltivatorde ise 2014, 2016 ve 2018
yillarinda bir énceki yila gore sayisal azalmalardan dolay: negatif (-) elde edilen gecmis
yila degisim oranlarinin hem kulakli pullukta ve hem de kiltivatérde projeksiyon
katsayis1 degerlerinin diisiik gitkmasina neden olmustur.
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Cizelge 2. Corum ilinde ¢eltik tariminda toprak hazirhiginda kullanilan alet ve
makinalarin 11 yillik stirecteki durumlari ve projeksiyon tahminlemesi

Table 2. The situation of eleven years and projection estimation of the equipment and
machines used in soil tillage treatments in paddy production in Corum province

Kulakh e s Diskli Dighi Karma . Toprak  Tesviye
Yillar pulluk Kultivatdr Merdane tirmik tirmik kirmik Dipkazan frezesi aleti
2009 24 410 23 780 3 392 1371 1024 335 39 136 254
2010 24 871 24 282 3 491 1411 1068 348 43 152 261
2011 25 464 26 334 3 658 1583 1 254 346 114 163 380
2012 25 705 26 685 3714 1737 1251 350 194 166 381
2013 25 936 27 059 31776 1 857 1149 379 190 231 362
Ei{air;gore 2014 26 257 25 733 3 834 1992 1159 381 201 323 371
sayilary 2015 26 551 25 886 3915 2 042 1172 386 252 347 376
2016 26 575 25 872 4247 2137 1229 394 321 545 595
2017 26 893 26 037 4515 2 228 1293 399 334 580 648
2018 26 601 25 863 4621 2276 1316 405 344 588 661
2019 26 961 26 398 4762 2 387 1358 418 372 608 673
2009-2010  1.889 2.111 2.919 2.918 4.297 3.881 10.256 11.765  2.756
2010-2011  2.384 8.451 4.784 12.190  17.416  -0.575 165.116 7.237  45.594
Gegmisg
yillarin 2011-2012  0.946 1.333 1.531 9.728 -0.239 1.156 70.175 1.840 0.263
degigim
oranlar 2012-2013  1.093 1.402 1.669 6.908 -8.153 8.286 -2.062 39.157  -4.987
2013-2014  1.043 -4.900 1.536 7.270 0.870 0.528 5.789 39.827  2.486
2014-2015  1.120 0.595 2.113 2.510 1.122 1.312 25.373 7.430 1.348
2015-2016  0.090 -0.054 8.480 4.652 4.863 2.073 27.381 57.061  58.245
2016-2017  1.197 0.638 6.310 4.258 5.207 1.269 4.050 6.422 8.908
2017-2018  -1.086 -0.668 2.348 2.154 1.779 1.504 2.994 1.379 2.006
20182019  1.353 2.069 3.051 4.877 3.191 3.210 8.140 3.401 1.815
Projeksiyon
katsayisi 1.003 1.097 3.474 5.747 3.035 2.264 31.721 17.552  11.843
%)
2020 27 231 26 688 4927 2524 1399 427 490 715 753
2021 27 505 26 980 5099 2 669 1442 437 645 840 842
2022 27 780 27276 5276 2823 1485 447 850 988 942
2023 28 059 27 576 5 459 2985 1531 457 1120 1161 1053
2024 28 340 27 878 5 649 3 156 1577 468 1475 1365 1178
?}f}:::l;t 2025 28 625 28 184 5 845 3338 1625 478 1943 1604 1317
projeksiyon 2026 28 912 28 493 6048 3530 1674 489 2 559 1886 1473
tahmini
2027 29 202 28 806 6 258 31732 1725 500 3371 2217 1648
2028 29 495 29 122 6 475 3947 1777 511 4441 2 606 1843
2029 29 791 29 441 6700 4174 1831 523 5 849 3063 2061
2030 30 089 29 764 6933 4414 1887 535 71705 3601 2305

Demir ve Kusg (2016), I¢ Anadolu Boélgesinde tarimda makina kullanim
projeksiyonuna ait olarak 2004-2013 yillar1 i¢in projeksiyon katsayisi degerlerini
kulakli pulluk icin %1.08; toprak frezesi icin %3.57 ve kiiltivator icin %1.74 olarak
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belirlemistir. Baran ve ark. (2019), Tiirkiye geneli icin dipkazan ile ilgili projeksiyon
katsayisi degerini %4.66 ve diskli tirmikta ise %2.23 olarak belirlemiglerdir. Ozellikle
Corum ilinde ¢eltik kullaniminda dipkazan ve toprak frezesi, hem Tiirkiye ve hem de
I¢c Anadolu Bélgesine oldukea yiiksek bir projeksiyon katsayisina sahiptir.

Ekim ve giibreleme alet ve makinalar

Corum ilinde, celtik ekiminde yaklasik %80-85’inde sulu ekim yapildig: gérilmektedir.
Ekim igleminde yaklagik %50 oraninda elle serpme ekim yapilirken, son yillarda da
ekimde %35 oraninda sirt tipi atomizor ile %15 oraninda ise santrifiij giibre dagitma
makineleri ile celtik ekimi yapilmaktadir. Giibreleme igleminde ise ¢iftgilerin elle,
santrifiij giibre dagitma makinesi ve sirt tipi atomizér kullanilmaktadir (Bal, 2018; Bal
ve Altuntas, 2019). Corum ilinde celtik tariminda ekim ve giibrelemede kullanilan alet
ve makinalarin 11 yillik stire¢teki durumlar: ve projeksiyon tahminlemesi, Cizelge 3’te
verilmigtir. Celtikte kullanilan ekim uygulamalarindaki santrifij giibre dagitma
makinas1 i¢in TUIK verilerinden kimyevi giibre dagitma makinasi secenegi
kullanilmistir.

TUIK 2019 yil1 istatistik verileri incelendiginde, Corum ilinde celtik tretiminde
ekim i¢in kullanilan sirt pilverizatori ile santrifiij glibre dagitma makinalarinin i¢cinde
yer aldigr kimyevi glbre dagitma makinalari sayilarinin, Tirkiye geneline gore
sirasiyla %1.48 ve %1.71'ine sahip oldugu gorilmistir (TUIK, 2020). Sirt
pulverizatori, 2009 yilinda 7 610 adet iken, 2019 yilinda 9 720 adede yiikselmigtir.
Cizelge 3’ten de gorilecegi gibi, sirt pulverizatorinin %2.52 projeksiyon katsayisi
degeriyle ilde 2020 yilinda 9 964 adede ve 2030 yilinda ise 12 774 adede yiikselecegi
tahmin edilmektedir. Kimyevi gibre dagitma makinalarinda ise, 2009 yilindaki say:
3 332 adet iken 2019 yilinda 7 429 adet oldugu, boylece kimyevi giibre dagitma
makinalariin hesaplanan %9.29 projeksiyon katsayisi degeriyle gelecek 11 yila ait
projeksiyon tahminin 2020 yilinda 11 686 adetten 2030 yilinda ise 28 339 adede
yiikselecegi beklenmektedir. Demir ve Kus (2016), I¢ Anadolu Bélgesinde tarimda
makina kullanim projeksiyonuna ait olarak 2004-2013 yillar1 i¢in projeksiyon katsayisi
degerlerini kimyevi giibre dagitma makinasi i¢in %1.79 olarak hesaplamiglardir. Bu
acidan incelendiginde, Corum ilinin, I¢ Anadolu Bélgesindeki kimyevi giibre dagitma
makinasina gore daha yiksek bir projeksiyon katsayisina sahip oldugu séylenebilir.

Naclama alet ve makinalary

Corum ilinde geltik yetistiriciliginde isletmelerin ilaghh miicadelede ekipman olarak %90
oraninda sirt piilverizatérii (sirt pompasi) ve atomizér, az miktarda kuyruk milinden
tahrikli tarla piilverizatori kullanmaktadir (Bal, 2018; Bal ve Altuntas, 2019). Corum
ilinde celtik tariminda ilaglamada kullanilan alet ve makinalarin 11 yilhik siirecteki
durumlar ve projeksiyon tahminlemesi, Cizelge 4’te verilmistir. Corum ilinde celtik
uretiminde ilaclama i¢in kullanilan kuyruk milinden hareketli piilverizatoér sayisinin,
TUIK 2019 yili istatistik verileri incelendiginde (TUIK, 2020). Tiirkiye geneline gore
%2.93ine sahip oldugu gorilmektedir. Corum ilinde, kuyruk milinden hareketli
pulverizator sayisi, 2009 ile 2019 yillari arasinda 8 146 adetten 10 695 adede
yikselmigtir. Kuyruk milinden hareketli piilverizatér sayisinin, %2.78 projeksiyon
katsayis1 degeriyle gelecek 11 yil icerisinde 2020 ile 2030 yillar1 arasindaki sayilarin
10 991 adetten 14 445 adede yiikselecegi tahmin edilmektedir (Cizelge 4).
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Cizelge 3. Corum ilinde celtik tariminda ekim ve giibrelemede kullanilan alet ve
makinalarin 11 yillik stire¢teki durumlar: ve projeksiyon tahminlemesi

Table 3. The situation of eleven years and projection estimation of the equipment and
machines used in sowing and fertilization treatments in paddy production in Corum
province

Yillar Sirt Pilverizatoria Kimyevi giibre dagitma makinas1
2009 7610 3 332
2010 8 290 3470
2011 8114 3 932
2012 8 481 4 067
Yillara gore makine sayilar 2013 8778 4147
2014 8 970 4179
2015 9093 4434
2016 9 406 6 874
2017 9 445 7018
2018 9518 7 158
2019 9 720 7429
2009-2010 8.936 4.142
2010-2011 -2.123 13.314
2011-2012 4.523 3.433
2012-2013 3.502 1.967
2013-2014 2.187 0.772
Gegmisg yillarin degigim oranlar1
2014-2015 1.371 6.102
2015-2016 3.442 55.029
2016-2017 0.415 2.095
2017-2018 0.773 1.995
2018-2019 2.122 3.786
Projeksiyon katsayisi (%) 2.515 9.263
2020 9 964 8117
2021 10 215 8 869
2022 10472 9691
2023 10 735 10 588
2024 11 005 11 569
Gelecek yillara ait projeksiyon tahmini 2025 11 282 12 641
2026 11 566 13 812
2027 11 857 15 091
2028 12155 16 489
2029 12 461 18 016
2030 12774 19 685

Demir (2015), I¢ Anadolu Bélgesi icin tarimda ilaglama makinalarinin kullamim
projeksiyonunu 2004-2013 yillar1 i¢in hesaplayarak projeksiyon katsayisi degerlerini
traktor kuyruk milinden hareketli pilverizator icin %1.58, sirt pilverizatori i¢in %0.36
ve sedyeli kombine atomizor i¢in %-7.09 olarak hesaplamagstir.

Bu c¢alismada, Corum ilinde c¢eltik tariminda ilaglamada kullanilan sirt
pulverizatérinin hem ekimde serpme ekim icin kullanilmasi ve hem de ilaclamada
kullaniliyor olmasindan dolay1, I¢ Anadolu ve Tiirkiye élcegindeki kullanimlarina gore
daha yiliksek diizeyde kullanim etkinligine sahip oldugu gérilmektedir.
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Cizelge 4. Corum ilinde geltik tariminda ilaglamada kullanilan alet ve makinalarin 11
yillik stiregteki durumlar: ve projeksiyon tahminlemesi
Table 4. The situation of eleven years and projection estimation of the equipment and

machines used in plant protection treatments in paddy production in Corum province
Sedyeli. motorlu

Yallar Kuyruk milinden

hareketli pilverizator Sirt Piilverizatorii pulvenz.ator. (to;lgylm
kombine atomizér)
2009 8 146 7610 233
2010 8 553 8 290 247
2011 8 760 8114 247
2012 8 907 8 481 250
2013 9 048 8 778 253
VAR (5 Hla 2014 9130 8970 253
sayilari
2015 9 220 9093 254
2016 9 847 9 406 258
2017 10 106 9 445 258
2018 10 242 9518 261
2019 10 695 9 720 270
2009-2010 4.996 8.936 6.009
2010-2011 2.420 -2.123 0.000
2011-2012 1.678 4.523 1.215
2012-2013 1.583 3.502 1.200
Gegmis yillarm degigim 2013-2014 0.906 2.187 0.000
oranlari
2014-2015 0.986 1.371 0.395
2015-2016 6.800 3.442 1.575
2016-2017 2.630 0.415 0.000
2017-2018 1.346 0.773 1.163
2018-2019 4.423 2.122 3.448
Projeksiyon katsayis1 9777 2515 1.500
%)
2020 10 992 9 964 274
2021 11297 10 215 278
2022 11611 10472 282
2023 11933 10 735 287
2024 12 265 11 005 291
Gelecek yillara ait 2025 12 605 11282 295
projeksiyon tahmini
2026 12 955 11 566 300
2027 13 315 11 857 304
2028 13 685 12 155 309
2029 14 065 12 461 313
2030 14 456 12774 318

Hasat makinalan

Corum ilinde c¢eltik tariminda igletmelerin tamaminda hasat bigerddverle
yapilmaktadir (Bal, 2018; Bal ve Altuntas, 2019). Projeksiyon hesaplamasinda
bigerdoverlere ait farkli yas gruplari i¢in hesaplamalar dikkate alinmigtir. Corum ilinde
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celtik tariminda hasat islemlerinde farkh yas gruplarindaki bicerdéverin kullanimina
ait 11 yillik stiregteki durumlar ve projeksiyon tahminlemesi, Cizelge 5’te verilmistir.

Cizelge 5. Corum ilinde ¢eltik tariminda hasat islemlerinde farkhh yas gruplarindaki
bicerdéverin kullanimina ait 11 yillik stire¢teki durumlari ve projeksiyon tahminlemesi
Table 6. The situation of eleven years and projection estimation of the using combine
harvester in the different age groups in harvesting operation of the paddy production
in Corum province

Vallar Bigerdover Bigerdover Bigerdover Bigerdover
(0-5 yag) (6-10 yag) (11-20 yag) (>21 yag)
2009 70 102 118 188
2010 35 88 89 210
2011 48 96 95 227
2012 45 71 83 206
2013 39 72 76 200
2014 51 72 68 195
Yillara gére makina 2015 60 76 79 197
sayilar
2016 71 95 75 186
2017 74 108 75 179
2018 64 111 87 169
2019 75 121 99 180
2009-2010 -50.000 -13.725 -24.576 11.702
2010-2011 37.143 9.091 6.742 8.095
2011-2012 -6.250 -26.042 -12.632 -9.251
2012-2013 -13.333 1.408 -8.434 -2.913
2013-2014 30.769 0.000 -10.526 -2.500
g?;‘;ilyﬂlann degigim 2014-2015 17.647 5.556 16.176 1.026
2015-2016 18.333 25.000 -5.063 -5.584
2016-2017 4.225 13.684 0.000 -3.763
2017-2018 -13.514 2.778 16.000 -5.587
2018-2019 17.188 9.009 13.793 6.509
E,;;’jekﬁym Roteve 4.221 2.676 -0.852 -0.227
2020 78 124.2 98 180
2021 81 128 97 179
2022 85 131 96 179
2023 88 134 96 179
Gelecek yillara ait
projeksiyon tahmini 2024 92 138 95 178
2025 96 142 94 178
2026 100 146 93 178
2027 104 149 92 177
2028 109 153 92 177
2029 113 158 91 176

2030 118 162 90 176
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Cizelge 5’te yer aldig1 gibi, Corum ilinde ¢eltik tariminda hasat igslemlerinde farkli
yas gruplarindaki bigerdoéverlerin kullanimina ait projeksiyon katsayilarinda en
yiksek deger, 0-5 yas araligindaki bicerdéver sayilarinda elde edilmistir. Bigerdéver
yas gruplar araligi olarak 0-5 yas ile 6-10 yas araligindaki bicerdover sayilarinda
yillara gore artiglar gozlenirken, 11-20 yas ile >21 yas araligindaki bigerdéverlerin
sayillarinda ise azaliglar gézlenmistir.

Ozellikle >21 yas arahigindaki bigerdoverlerin genel olarak bir énceki yila gore
sayllarinin siirekli azalis gostermesi, degisim oranlari ile buna bagh olarak da
hesaplanan projeksiyon katsayisi degerinin negatif ¢gitkmasina neden olmustur. Bu
kapsamda, >21 yas grubunda bicerdéverlerin sayilarinin %-0.23 olarak belirlenen
projeksiyon katsayis1 dikkate alindiginda, 2020 yilindaki degerinin 180 adet, 2030
yilinda ise bu degerin 176 olacagi 6ngérilmektedir.

11-20 yas grubundaki bicerdoverlerde ise, sayilarin %-0.85 olarak belirlenen
projeksiyon katsayisi1 dikkate alindiginda, 2020 yilindaki degerinin 98 adet, 2030
yilinda ise bu degerin 90 olacag: éngoriilmektedir (Cizelge 5).

Diger tarim makinalari kullanimi

Corum ilinde ¢eltik iretiminde mekanizasyon islemlerinde traktor ve tarim arabasi
kullanimlar: da s6z konusudur (Bal, 2018; Bal ve Altuntas, 2019). Corum ilinde celtik
tariminda tarimsal iglemlerde kullanilan makinalar olarak traktér ve tarim arabasi
kullanimina ait 11 yillik stirecteki durumlari ve projeksiyon tahminlemesi, Cizelge 6’da
verilmigtir. Cizelge 6’da traktorlere ait projeksiyon hesaplamasinda traktorlerin Corum
ilinde celtik tarimi yapan igletmelerdeki mevcut gii¢c gruplari dikkate alinarak 4
tekerlekli ve 35 BG ve iizeri gii¢c gruplar1 dikkate alinmistir (Bal, 2018; Bal ve Altuntas,
2019).

Corum iline ait c¢eltik tarimindaki traktor kullanimlar: incelendiginde, igletmelerin
%48.601inda traktor motor giciniin 46-60 BG aralhigindaki orta-biiyik gii¢c grubu
araliginda oldugunu, bu ise, ¢eltik Giretiminde traktor gii¢ gruplarinin orta biyik ve
bliyik gli¢ grubunda yer alan traktorlerin sayisal olarak yarisina yakinini
olusturmaktadir (Bal ve Altuntas, 2019). Tiirkiye genelinde de traktor gii¢c gruplarinda
daha yiiksek gli¢ grubuna sahip traktorlerde dikkate deger oranda artislarin oldugu
gorilmektedir (Altuntas, 2016). Cizelge 6'da yer alan Corum ilinde celtik tariminda
kullanilan farklh giic gruplarindaki traktorlerin projeksiyon katsayilarinda en yiksek
deger, >70 BG gili¢ grubundaki traktor sayilarinda %5.13 degeriyle elde edilmistir.
Traktor gii¢ gruplari. Corum ilinde ¢eltik tarimi yapan isletmelerin elinde mevcut gli¢
gruplarindan 35-50 BG, 51-70 BG ve >70 BG tuzeri giic gruplarina gore dikkate
alinmigtir. Traktor giic gruplar1 arasinda projeksiyon katsayisi en diisik 35-50 BG
grubunda (%0.146) gerceklesmistir.

Corum ilinde celtik tretiminde kullanilan traktér sayilar1 35-50 BG, 51-70 BG ve
>70 BG gii¢ gruplarmin TUIK 2019 yili istatistik verileri incelendiginde (TUIK, 2020),
Turkiye geneline gore sirasiyla %2.52, %2.24 ve %2.33 "iine sahip oldugu gérulmiustur.
Traktor sayilarmin 35-50 BG, 51-70 BG ve >70 BG gti¢ gruplarina goére sirasiyla %0.15,
%2.86 ve %5.13 projeksiyon katsayisi degerleriyle gelecek 11 yil icerisinde 2020 ile 2030
yillar1 arasindaki sayilarinin sirasiyla 35-50 BG gili¢ grubundaki traktérlerde 12 520
adetten 12 704 adede, 51-70 BG gii¢ grubundaki traktorlerde 11 843 adetten 15 703
adede ve >70 BG giug¢ grubundaki traktorlerde 4261 adetten 7026 adede ylikselecegi
tahmin edilmektedir (Cizelge 6).
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Cizelge 6. Corum ilinde ¢eltik tariminda tarimsal islemlerde kullanilan farkl gug
traktor ve tarim arabasina iligkin 11 yillik siliregteki durumlar1 ve projeksiyon
tahminlemesi

Table 6. The situation of eleven years and projection estimation of different powers
tractors and agricultural equipment used in agricultural treatments in paddy rice
production in Corum province

Traktor Traktdr Traktor
Yillar Tarim arabasi
(35-50 BG) (51-70 BG) (70 BG)
2009 12 327 8719 2488 23 741
2010 12 493 8 894 2 524 24 206
2011 12 687 9907 2379 24 737
2012 12 589 10 104 2 450 25078
2013 12 677 10159 2 575 25 222
mzﬁliﬁzag;ﬁn 2014 12 698 10 316 2 639 25 326
2015 12617 10 567 2789 25 481
2016 12 754 10 606 3043 25 877
2017 12 772 10 961 3 490 26 097
2018 12 608 11158 3762 26 049
2019 12 502 11514 4053 26 440
2009-2010 1.347 2.007 1.447 1.959
20102011 1.553 11.390 -5.745 2.194
2011-2012 -0.772 1.988 2.984 1.379
2012-2013 0.699 0.544 5.102 0.574
Gogmis yillarm 2013-2014 0.166 1.545 2.485 0.412
degigim oranlari 2014-2015 -0.638 2.433 5.684 0.612
2015-2016 1.086 0.369 9.107 1.554
20162017 0.141 3.347 14.689 0.850
2017-2018 -1.284 1.797 7.794 -0.184
2018-2019 -0.841 3.191 7.735 1.501
Projeksiyon katsayisi (%) 0.146 2.861 5.128 1.085
2020 12 520 11843 4261 26 727
2021 12539 12182 4479 27017
2022 12557 12531 4709 27017
2023 12575 12 889 4951 27 310
2024 12 594 13258 5204 27 606
ﬁ;tg};ﬁﬁfﬁ; 2025 12 612 13637 5471 27 906
2026 12 630 14 028 5752 28 209
2027 12 649 14 429 6 047 28515
2028 12 667 14 842 6 357 28 824
2029 12 686 15 266 6 683 29 137

2030 12 704 15703 7026 29 453
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Tarim arabalar: sayilarinin, Corum ilinde celtik tiretiminde kullamilma orani, TUIK
2019 y1ih istatistik verilerine gére (TUIK, 2020), Tiirkiye geneline gore %2.20’ine sahip
oldugu goérilmektedir. Tarim arabalari sayillarinin %1.085 projeksiyon katsayisi
degerleriyle gelecek 11 yil igerisinde 2020 ile 2030 yillar1 arasindaki sayilarin 26 727
adetten 29 453 adede yiikselecegi tahmin edilmektedir (Cizelge 6).

Corum 1ilinde ¢eltik Giretiminde kullanilan toprak isleme, ekim-giibreleme, ilaclama,
hasat ile diger kullanilan alet ve makinalarin projeksiyon katsayilarinin Turkiye
degerleriyle kargilastirilmasi toplu olarak Sekil 1’de verilmistir. Sekil 1 incelendiginde.
Corum ilinde celtik tariminda Tirkiye degerleri karsilastirmasinda hesaplanan
dipkazan degeri en dikkat ¢eken bir deger olarak goriilmektedir. Corum ilinde, Turkiye
geneline gore dipkazan kullaniminda yaklasik 6 kat daha yiiksek deger elde edilmistir.
Buna neden olarak, celtik tariminda kulakli pullugun kullanildigi farkh
kombinasyonlardaki toprak isleme yontemi sonucu pulluk tabani olusumundan dolay:
dipkazan kullaniminin arttig1 séylenebilir.

Corum ilinde geltik tariminda traktér kullaniminda 51-70 BG gti¢ grubunda traktor
kullanimi, kimyevi giibre dagitma makinast kullanimi (santrifiij giibre dagitma
makinasi), ekim icin sirt piilverizatérii kullanimi, tesviye aleti kullanimi ile toprak
isleme uygulamalarinda merdane, digli tirmik, diskli tirmik ve karma tirmik
(kombikiiriim) kullanimlarinin projeksiyon katsayisi olarak Tiirkiye geneline gére daha
yiksek degerler verdigi de gorilmektedir. Celtik hasadi icin bicerdover
kullanimlarinda da daha yash gruptaki bicerdéver kullanimlarinin (11-20 yas ve >21
yas), Corum ilinde azalis gostermesi de daha fonksiyonel bicerdéverlerin kullanimlarin
arttig1 ve artacagi anlamina gelmektedir.

Bigerddven>21 -.;;.g,:: '|:-‘

b r11-20y 1~,._F|z|
Bigerdfver|6-10 yag) [E—___—
Bigerddver{0-5 yas)

Tanm arabay [EEL
i —

Toprak frezesi [EES—
ik 21 |
Karma tirmik  [—
Disli tirmyl,  fe—
Duskh tirmik r

Caltiktarniminda kullanilan tarim makinalarn

5 0 5 10 15 0 75 30 35
B (orum [ Tiirkiye

Projeksiyon katsaysi (%)
Sekil 1. Corum ilinde c¢eltik tretiminde kullanilan tarimsal alet ve makinalarin
projeksiyon katsayilarinin Turkiye'deki tarimsal ekipman ve makinelere gore
kargilastirilmasi
Figure 1. The comparison of the projection coefficients of the agricultural equipment and
machines used in paddy production in Corum province with belonging to agricultural
equipment and machines in Turkey
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SONUC

Corum ilinde celtik tariminda kullanilan alet ve makinalarin projeksiyon katsayisi
degerlerinin dusiik ve yiiksek c¢ikmasi, tarimsal iglevleri acisindan bu makinalarin
kullanim etkinligini de belirtmektedir. Diigiik degerler, etkinligin az oldugunu, yiiksek
degerler ise etkinligin daha fazla oldugunu gostermektedir. Diger tarimsal Giretimlerde
de oldugu gibi celtik tariminda da tarimda teknoloji ve makina kullaniminin
yayginlagtirilmasi ve planlh bir sekilde yapiliyor olmasi, tarimsal Gretimde karhlhg:
saglamak acgisindan ve yorenin igletme yapilarina gére uygun makinalarin sec¢ilmesi ve
kullanilmasi agisindan énem arz etmektedir. Calismada, Corum ilinde ¢eltik tariminda
kullanilan alet ve makinalarin Tirkiye o6lceginde karsilastirilmasi yapildiginda,
ozellikle toprak igleme aletlerinin kullaniminda 6rnegin dipkazan, toprak frezesi, digli
tirmik, diskli tirmik ve merdane kullanimlarinin Turkiye ortalamalarindan projeksiyon
acisindan daha yiksek degerler verdigi, kimyevi giibre dagitma makinalarinda da
benzer sekilde degerlerin yiiksek oldugu gorilmektedir. En dikkat c¢ekici durum,
ozellikle yorede celtik hasadinin tamaminin bigerdoverle hasat edilmesinden dolayi,
yorede daha g¢ok bigerdover kullanimin yasli mekanik ©6mrini tamamlamig
bigerdoverler yerine yeni 0-5 yas grubundaki bigerdéver kullaniminin st diizeyde
oldugunu géstermistir. Bu durumun, celtik hasadinda trin kayiplarinin azaltilmasi
noktasinda 6nemli bir etkiye neden olacagini géstermektedir. Corum ilinde tarimsal
turetimde kullanilan alet ve makinalarin belirlenen projeksiyon katsayilarinin yasgh
bicerdoverler (11-20 yas ve >21 yas) haric diger biitiin makina kullanimlarinda pozitif
degerlerde olmasi nedeniyle 2030 yilina kadar sayisal olarak artis gdsterecegi
soylenebilir.
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OZET

Tarimsal uygulamalar ve hizli kentlesme, kii¢iik kirsal havzalarin su
kalitesine yonelik ciddi tehditlere neden olmaktadir. Bu ¢calismada, .
Ziyaret Goleti havzasinda tarimsal uygulamalar ve bu ARASTIRMA MAKALESI
uygulamalal?lr'l su kalitesi Uizerine etkisi. arastlrl}.mls§1r. Bu ama(;.la, Alimg tarihi: 29.06.2020

2014 su yil1 i¢in havza gklslarlnlp bgm kimyasal 6zellikleri (01 Ekim Kabul tarihi: 12.08.2020

2013 - 29 Eyliil 2014) incelenmistir. Havza akislarimin Cu*2, Fet2,
Zn*2 ve CI igerikleri toplanan su numunelerinin analizi ile
tamimlanmagtir. Havza akiglarmn MIKE 11 NAM hidrolojik model

yardimiyla tahmin edilmigtir. Analiz sonuglarina gére, Cu 0.008-0.35 Anahtar Kelimeler:
mgl-1, Fe 0.051-0.096 mg 1-1, Zn 0.033-0.146 mg 1-1, Cl 0.053-0.186 o

) - . .o > Su kalitesi,
mgl-1 arasinda degismektedir. Havzadan gunlik olarak tasinan T
kimyasallarin miktar1 havzanin giinliikk akislar dikkate alinarak | ”~ Su kirliligi,
hesaplanmistir. Hesaplanan degerler Cu* 20-25.41 kg giin?, Fet 20- | > Bakur,
21.01 kg glin'l, Zn*2 0-22.15 kg glin'! ve Cl' 0-22.57 kg giin’!. Sulama | » Demir,
amaciyla yapilan Amasya Ziyaret Géleti'nin periyodik su kalitesiile | » Cinko,
havzadaki tarimsal faaliyetler arasindaki iligki aragtirilmigtir. > Klor

Alint1 icin: Kaya I, Oguz I, Kocyigit R (2020). Ziyaret Golet Havzasi Akimlarinda Tarimsal
Uygulamalara Bagli Olarak Cu*t, Fe™, Zn** ve Cl igeriklerinin Zamansal Degisiminin
Arastirilmasi. Turkish Journal of Agricultural Engineering Research (TURKAGER), 1(2): 248-260.
https7//doi.org/10.465692/turkager.2020.v01102.003
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Investigation of Temporal Change of Cu*t, Fe**, Zn** and Cl° Contents
Depending on Agricultural Practices in Ziyaret Pond Basin Flows

ABSTRACT

Agricultural practices and rapid urbanisation, represent serious
threats to the water quality of small rural basins. This study
aims to discover the relationship between agricultural practices | RESEARCH ARTICLE
and its impact on water quality in the Ziyaret Pond’s basin. For
this purpose, some chemical specifications of the basin flows for | Received: 29.06.2020
2014 water year (from 01 October 2013 to 29 September 2014) Accepted: 12.08.2020
were studied. Cu*?, Fet2, Zn*2 ve Cl specifications of the basin
flows were identified with the analysis of the collected water
samples. Flows of the basin were estimated with the help of | Keywords:
MIKE 11 NAM hydrological model. According to the results of

the analysis, Cu ranged from 0.008-0.35 mg 1’1, Fe 0.051-0.096 | » Water quality,
mg 1", Zn 0.033-0.146 mg I'1, C1 0.053-0.186 mg I'l. The amount | » Water pollution,
of chemicals carried daily from the basin has been calculated | Copper,
taking into account the daily flows of the basin. Calculated > TIron
values ranged from for Cu*2 0-25.41 kg day!, Fe*20-21.01 kg day’ o
1, 7Zn*20-22.15 kg day! and CI 0-22.57 kg day!. The relationship > Zinc,

> Chlorine

between the periodic water quality of Amasya Ziyaret Pond,
which was built for irrigation, and agricultural activities in the
basin was investigated.

To cite: Kaya I, Oguz I, Kogyigit R (2020). Investigation of Temporal Change of Cu++, Fe++,
Zn++ and Cl- Contents Depending on Agricultural Practices in Ziyaret Pond Basin Flows.
Turkish Journal of Agricultural Engineering Research (TURKAGER), 1(2): 248-260.
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GIRIS

Su toplama havzalarinda var olan arazi kullanim tiirlerinde radikal degisimler, kirsal
alanlarin yerlesim yerlerine dénlisiimii ve bu agilan yeni yerlesim yerlerinin alansal
olarak yayilma egilimi, arazi kullanimlarinda dinamik ve hizli degisimlere yol acmastir.
Insanlar, bu durumun dogal kaynaklara, ézellikle de su kaynaklarinin niteligi ve
niceligine olan etkisine uzun yillardir ilgi duymuslardir (Szewran’ski ve ark., 2018;
Dutta ve ark., 2018). Arazi kullanim degisikligi, toprak erozyonunu ve havzadaki
kaynag1 belirsiz noktasal olmayan Kkirliligi artirarak hidrolojik déngliniin olumsuz
etkilenmesine yol acmaktadir (Li, 1996).

Tarim alanlarinda ciftciler tarafindan tarimsal turetim icin uygulanan gubreleme,
sulama ve ilaglama gibi insan faaliyetleri ve bu faaliyetlerin havza c¢ikig1 su kalitesine
olasi etkilerinin arastirilmasi stirdirilebilir havza yonetimi bakimindan biiyiik 6nem
tagimaktadir. Su toplama havzalarinda ylritilmis bircok calisma, havzada mevcut
arazi kullanim tira ile havza c¢ikig1 su kalitesi arasindaki dogrudan iligski oldugunu
gostermistir (Batbayar ve ark., 2019). Genel olarak, havza cikis suyunda bulunan azot,
fosfor ve diger kirleticiler tarim arazileri kaynakli, organik ve agir metal kirliligi ise
esas olarak sanayi ve kentsel arazi kullamimindan etkilendigi bildirilmektedir
(Batbayar ve ark., 2019; Hu ve ark., 2011). Béyle bir genellemeye ragmen her havza
kendi 6zel kogullarina sahiptir. Ornegin diigiik rakimh havzalarda yavas akig goriilen
nehirler, havzada oransal olarak daha fazla kaldiklar: i¢in yogun arazi kullaniminin
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etkilerine daha fazla maruz kalirlar ve daha fazla risk tasirlar (Stoate ve ark., 2001).
Aymni gekilde biiytik su toplama alanlarina sahip kiigik akis hacimli akarsular ise kiigiik
akis hacimleri nedeniyle mevcut kirleticileri etkili bir sekilde seyreltecek kapasitede
degildirler (Borics ve ark., 2016). Bazi meyvecilik tarimi1 yapilan kirsal havzalarda ise
goztasi, demir preparatlarla gibreleme gibi uygulamalar havza akimlarinda yer alan
demir, cinko, klor gibi maddelerde anlik degisimlere neden olabilmektedir. Bu
nedenlerden dolayi, her havzada farklh 6zellikler aragtiricilar tarafindan dikkate alinir
ve etkili ¢6ztimler Gretilmeye ¢aligilir.

Insan faaliyetlerinin su kalitesine olan etkisine yonelik olarak Alvarez-Rogel ve ark.
(2006) tarafindan Ispanya’da Mar Menor Lagiini'nde yapilan calismada, lagiin
suyunda EC, pH, sulfit, klortir, nitrat, amonyum ve c¢ozinmis fosfor
konsantrasyonlarini arastirmiglardir. Calisma sonucunda, civardaki tarimsal alanlarin
etkisiyle nitrat konsantrasyonu, turizm aktivitelerinin etkisiyle de amonyum ve fosfor
degerlerinin yiksek seviyede oldugunu belirtmislerdir.

Oguz ve ark., 2019 tarafindan arastirmada Amasya Ziyaret gélet havzasinda yapmis
olduklar1 ¢alismalarinda sulama amach golette fosfor, nitrat, nitritin neden oldugu
otrofikasyon riski belirlenmistir.

Amasya Ziyaret Goleti Havzasinda 2013-2014 yillarinda gergeklestirilen bu
arastirmada, havza sularinin baz1 kimyasal o6zelliklerinin zamansal degisimi
izlenmigtir. Ziyaret Goleti Havzas1 akimlarinin ¢esitli 6zellikleri anlik olarak alinmig
bulunan su 6rneklerinde yapilan analizlerle bakir, demir, ¢inko ve klor igerikleri
belirlenmisgtir. Bilindigi gibi bir havzadan ¢ikan yiizey, yiizey alt1 ve taban akisi suyun
geldigi bolgedeki tarimsal faaliyetlerin, mevcut havzanin bitki 6rtusiiniin ve havza
topraklarinin yapisinin bir yansimasidir. Arastirma havzasinda anlik akim degerleri
belirlenmig parametrelerde degisimler ve bu degisimlere havzada yapilan giibreleme ve
ilaclama gibi temel amenajman uygulamalarinin etkisi belirlenmigtir. Calisma
sonucunda, sulama amaciyla inga edilmis bulunan Amasya Ziyaret Goleti donemsel su
kalitesi, su kirliligi kontrol yénetmeligine gore belirlenmeye c¢aligilmig ve kirlilik
unsurlarinin sulama sahasina olasi olumsuz etkileri aragtirilmigtir.

MATERYAL ve YONTEM

Aragtirma, 1996-2005 yillar1 arasinda Amasya DSI Midirlagi tarafindan sulama
amacli olarak inga edilen Ziyaret Goéleti Havzasinda yuratilmustiar. Ziyaret Goleti
Amasya 1l merkezine 4 km mesafede olup havza alani 28 km?%dir. Gélet su toplama
havzasi tarim, mera ve orman arazilerinden olusmaktadir (Sekil 1).

Havzada kestane rengi topraklar hakimdir. Havza toprag: organik madde igerigi
orta ve pH notr veya hafif alkalidir. Toprak orta derecede kireg icerir ve CaCOs igerigi
alt toprak yiizeylerine dogru artar (KHGM 1991).

Ziyaret Golet Havzasinda tarim, mera ve orman arazi kullamim tarleri
bulunmaktadir. Tarim arazilerinde meyve bahceleri yaygin olup, yem ve tarla bitkileri
yetistiriciligi yapilmaktadir.

Yore ciftgileri ile yiiz ylze yapilan goériismeler sonucunda, tarla bitkilerinin
bulundugu arazilere, sonbaharda ekim 6ncesinde amonyum fosfat ve ciftlik giibresi
uygulanirken, ekimden sonra ise azotlu giibre uygulamasi yapildigr anlagilmistir.
Ilkbahar aylarinda ise daha ¢ok azotlu giibre kullanildig: belirtilmistir.
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Sekil 1. Calisma alam
Figure 1. Study area

Havzada yer alan meyve agaclarina sonbahar aylarinda azot, fosfor, potasyum
igerikli kompoze giibreler ve ¢iftlik giibresi uygulanirken, kis aylarindan ilkbahar
aylarina gecis déoneminde, agaclar ¢icek agmadan bakir igerikli ilaclar uygulanmakta
oldugu bildirilmigtir. Meyve bahgelerinde ilkbahar aylarinda daha ¢ok azotlu giibreler
uygulanirken stlfat igerikli giibreler de baz c¢iftgiler tarafindan kullanilmaktadir.
Meyve bahcgelerinde yaz aylarinda potasyum-nitrat ve kalsiyum nitrat giibreleri
uygulanmaktadir. Mera ve orman arazilerinde gibreleme uygulamasi
yapilmamaktadir.

Havza, Orta Karadeniz bélgesinin i¢ kesiminde bulundugu igin, kiy1 kesiminin
1liman ikliminden i¢ kesimin sert iklimine gecis karakteri hakimdir. Bu nedenle yazlari
kurak, kiglar1 ise soguk gegen bir karasal iklim hakimdir. Calisma alanina en yakin
meteoroloji istasyonu olan Amasya Meteoroloji Istasyonuna ait uzun yillar yagis
ortalamasi 413 mm’dir (DMI, 2016).

Calismada havza akimlariyla gélet igerisine taginan toplam Cu*?, Fe*2, Zn*2 ve CI
miktarini belirleyebilmek i¢in diizenli su o6rnekleri alinmistir. Bu amacgla havza
akimlarini toplayarak goélet igerisine ulastiran Degirmendere deresi tizerinde
olusturulan sabit bir noktadan 2014 su yili i¢cinde, 250 mL steril plastik kaplara 12 adet
su 6rnegi alinmistir.

Su 6rnekleri soguk zincir ile kisa siirede laboratuvara ulastirilarak alindiktan azami
3 saat icinde analiz edilmis ve Cu*?, Fe*2, Zn*2 ve Cl igerikleri belirlenmigstir. Bakir
analizi ‘bathocuproine disiilfonik asit’ metodu ile LCK 329 kiti (tri-Sodyum
sitratdihidrat, askorbik asit, sitrik asit monohidrat) kullanilarak; demir analizi ‘1,10
fenantrolin’ metodu ile LCK 321 kiti (askorbik asit, polividon 25, D-manitol, 1,10-
Phenanthroliniumchlorid Monohidrat) ile; ¢cinko analizi 4-‘2. Pyridylazo’ resorcin (PAR)
metodu ile LCK 360 kiti (potasyum siyanid) ile; klor analizi diethyl-p-phenyldiamine
(DPD) metodu ile LCK 310 kiti (N, N-Dietil-1, 4-fenilendiamonyum siilfat, disodyum
hidrojenfosfat, potasyum hidrojen fosfat) ile tiimii spektrofotometrik olarak
olciilmiistiir. Spektrometrik okumalar DR5000 tezgahiistii spektrometre (Hach-Lange
Almanya) kullanilarak uygun yéntemler ve test kitleri ile belirlenmistir (APHA, 1998).
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Calismada anlik olarak 6l¢iilen parametrelerin giinliik toplam tasinan miktarinin
belirlenmesi i¢in havzanin giinlik akim miktarlarinin bilinmesi gerekmektedir. Ancak
Ziyaret Goleti Havzasi’nda akim o6l¢limleri yapilmadigi i¢in giinliik akim degerlerinin
modellenmesinde Mike 11 NAM hidrolojik simiilasyon modeli kullanilmigtir. Mike 11
NAM modeli Danimarka Hidrolik Enstitiisti tarafindan gelistirilmigtir. Tim diinyada
toprak kaynaklari, su kalitesi planlanmasi ve havza planlamasi calismalarinda 1972
yilindan beri yaygin olarak kullanilmaktadir. Kullanim amacina goére cok sayida
modili vardir (Oguz ve ark., 2010). Calismada, modelin yagis-akis modiilii
kullamilmistir. Mike 11 NAM veri girisleri kurulum parametreleri (havza alam ve
toprak ozelliklerine bagl parametreler), model parametreleri (zaman sabitleri ve yiizey
akisicin 6teleme, yiizey alt1 akis ve taban akis icin esik degerleri) ve meteorolojik veriler
(ginliik yagis ve gilinlik potansiyel buharlasma) olmak iizere {iic asamada
tamamlanmistir. Modelin gereksinim duydugu kurulum ve model parametreleri toprak
ve topografik haritalardan ve arazi calismalari sonucunda elde edilmistir. Yagis ve
buharlagma verileri ise Amasya meteoroloji istasyonu verilerinden elde edilmistir.

Degerlendirilen parametreler Cizelge 1 dikkate alinarak su kalite simiflari, su
kirliligi kontrolii yonetmeligine (SKKY, 2008) gére degerlendirilmistir (SKKY, 2008).

Cizelge 1. Kita ici su kaynaklarinin siniflarina gore kalite kriterleri (SKKY, 2008)
Table 1. Quality criteries according to the classes of continental water resources(SKKY,
2008)

Su Kalite Parametreleri ST LGS Tl Gl

I II 111 v
Kloriir iyonu (mg C1 L% 25 200 400 > 400
Bakir (ug Cu L) 20 50 200 > 200
Cinko (ng Zn L) 200 500 2000 > 2000
Demir (ug Fe L1) 300 1000 5000 > 5000
BULGULAR ve TARTISMA

Havzanin yillik toplam akimlarinin mike 11 nam modeli ile simiilasyonu
Havzadaki toplam kimyasal tasinmanin belirlenebilmesi i¢in gerekli giinlik akim

degerleri Mike 11 Nam modeli ile tahmin edilmigtir. Ziyaret havzasi i¢in akim
hesaplamalarinda kullanilan Mike 11 Nam model girdi parametreleri Cizelge 2’de
verilmigstir.
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Cizelge 2. Ziyaret Goleti Havzas: akim modellemesinde kullanilan Mike 11 Nam model
parametreleri
Table 2. Mike 11 Nam model parameters used in Ziyaret Pond Basin flow modeling

NAM parametresi

Havza alani, km? 28
Yiizeyde depolanan maksimum su icerigi (Umax), mm 10
K&k bolgesinde depolanan maksimum su igerigi (Lmax), mm 100
Yiizey akis katsayis1 (CQOF), birimsiz 0.5
Yiizey alt1 akis i¢in zaman sabiti (CKIF), saat 1000
(CK1;2), saat 10
Yiizey akisi baglatan kok bélgesi nem icerigi (TOF), birimsiz 0.5
Yiizey alt1 akig1 baslatan kék bélgesi nem igerigi (TIF), birimsiz 0.5
Taban akim baglatan kok bolgesi nem icerigi (TG), birimsiz 0
Taban akim cekilme siiresi (CKBF), saat 2000
Yiizey depolamasiyla iliskili su icerigi (U Umax'1), birimsiz 0

Kok bolgesi depolamasi ile iligkili su icerigi (L Lmax'1), birimsiz
Yiizey akis (QOF), birimsiz

Yiizey alt1 akig (QIF), birimsiz

Taban akim (BF), birimsiz

o O © O

Model ekran c¢iktisi olarak havza 2014 su yili gunliik akim bilegenleri Sekil 2’de,
Aylik toplam yagis ve ortalama akim degerleri ise Cizelge 3’de verilmistir.
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Sekil 2. Ziyaret Goleti Havzasi 2014 su yili akim hidrografi
Figure 2, Ziyaret Pond basin 2014 water year hydrograph

Cizelge 3. Ziyaret Havzasi 2014 su yil1 aylik toplam yagis ve ortalama akimlar:
Table 3. Monthly total precipitation and average flows of 2014 water year in Ziyaret

Basin
Aylar X XI XII I I 111 v % VI VII VIII IX
Yagis, mm 20.3 25.7 154 153 7.7 44 37 75.1 65.7 31.6 1.2 30.6

Ort. akim,1s? 0.58 5.21 2848 28.36 49.85 149.39 213.54 447.33 394.09 175.08 120.92 83.65
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Tasinmalar, model yardimi ile hesaplanan giinliik akim degerleri ve aylik 6rnekleme
dénemlerinde yapilmis olan laboratuvar analiz sonuclar1 dikkate alinarak her bir
parametre i¢in ayri ayri hesaplanmigstir. Iki 6rnekleme arasi glinler i¢in tasinma
miktarlari, laboratuvar kosullarinda belirlenmis analiz sonucunun hesaplanmayan
ginler i¢cin de ayni1 oldugu varsayilarak belirlenmigstir. Mike 11 Nam modeli ile havza
icin belirlenen giinlik akimlarin laboratuvar analiz sonuclariyla bir araya getirilmesi
suretiyle toplam bakir, demir, ¢inko ve klor degerleri glinlik, aylik ve ¢alisma yili i¢in
belirlenmigtir.

Amasya Devlet Meteoroloji istasyonu verileri ve model simiilasyon sonucuna gore,
havzaya diisen aylik toplam en yliksek yagis 75.1 mm ile Mayis ayinda, en disiik yagis
1.2 mm ile Agustos ayinda meydana gelmistir. Havza yagislar1 kig aylarinda Aralik
(15.4 mm) ve Ocak (15.3 mm) ayinda birbirine yakin iken Subat ayinda (7.7 mm) yagis
miktarinda azalma olmustur. Daha sonra ilkbahar aylar: ile birlikte artis baslamig ve
en yliksek seviyelere gitkmigtir. Yagiglar yaz aylarindan itibaren azalmaya baglamis ve
havzaya disen toplam yagisin en diisik oldugu seviyeye inmigtir. Agustos ayindan
itibaren havzaya diisen toplam yagis miktarinda artis baglamig ve sonbahar aylarinda
birbirine yakin degerlerde seyretmis ve kis aylarinda Aralik ayindan itibaren dusts
oldugu gézlemlenmisgtir. 2014 su yilinda havzaya toplam 369.6 mm yagis diismustir
(Cizelge 3).

Havzanin aylik ortalama akimlarinin en diisik oldugu ay 0.58 1 st ile Ekim ay1
olmasina karsin, en yliksek aylik ortalama akim 447.33 1 st ile Mayis ayinda meydana
gelmigtir. Havzanin aylik ortalama akimlarinin Ekim ay1 ile birlikte artmaya baglamisg
ve bu artis Mayis ayina kadar devam etmis, Mayis ayindan itibaren Ekim ayina kadar
havza aylik ortalama akimlar1 digsmustir. Havzanin aylik ortalama akimlarinin en
yiksek oldugu mevsimin ilkbahar mevsimi olmasina karsin en diisiik oldugu mevsim
1se sonbahar mevsimidir. Havzanin aylik ortalama akimlarinin ikinci en yiksek oldugu
mevsim yaz mevsimi iken Ugiincii en ylksek aylik ortalama akim sirasini da kig
mevsimi almaktadir (Cizelge 3).

Havzanin aylik toplam yagislarinin en yiiksek oldugu ilkbahar aylarinda havzanin
aylik ortalama akimlarinin da en yuksek oldugu gorilmektedir. Yaz aylarinda da
havzanin aylik toplam yagislar1 ve aylik ortalama akimlar: birbirine paralel olarak
ikinci en yiiksek degerleri almigtir. Havzanmin aylik toplam yagis ve aylik ortalama
akimlar1 arasindaki paralellik sonbahar ve kis aylarinda bozulmustur. Aylik toplam
yagislar1 sirasiyla ylksekten distge dogru kis ve sonbahar aylarinda gérilmesine
karsin aylik ortalama akimlarda da tam tersi bir durum olusmustur ve yiksekten
diistige dogru sirasi ile sonbahar ve kig aylar: olarak gerceklesmigtir. Bu durum kisg
aylarinda sonbahar aylarina gére buharlagmada goriillen azalmaya ve yagigin tiiriine
baglanabilir. Ayrica kis yagislarinin kar seklinde olmasi ve karin toprakta tutulmasina
bagl olarak akimda bir azalmaya yol agmasi s6z konusudur. Nitekim kis yagiglarindan
sonra ilkbaharda kar erimelerinin de etkisiyle havza akimlar: artmistir.

Gunlik en fazla yagis Haziran ayinda 27.2 mm olurken havzanin tepkisi olarak
ginlik en fazla akim da 2763.34 1 s! ile yine Haziran ayinda olusmustur. Yagislarin
artmaya bagladig1 ilkbahar aylarinda, akimlarda artmaya baglamig, yaz aylarinda
yagislarin disis goOstermeye baglamasi ile akimlarda paralel olarak azalma
gorilmuistir. Bu azalma sonbahar aylarindan Kasim aymna kadar devam etmisgtir.
Akimlar kig aylar: ile birlikte artmaya baslamis ve bu artig yaz aylarindan Haziran
ayina kadar devam etmistir ve daha sonra da diisiis baglamigtir. Giinliik en diigiik akim
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(1.211s) ve aylik ortalama en diisiik akim (0.58 1 s'1) Ekim ayinda meydana gelmistir.
Ekim ayinin ilk 3 glinti havzada hi¢ akim olmamagtir.

Havza Akimlarinin Cu**, Fe+t, Zn** ve Cl Degerlerinin Zamansal Degisimi
Ziyaret Goéletinin ana su kaynagi olan Degirmen Deresinden aylik olarak alinan su
orneklerinde ¢esitli parametrik degerler mgl! olarak belirlenmigtir. Ayrica Mike 11
Nam modeli kullanilarak tahmin edilen giinlik toplam akim miktarlar1 dikkate
alinarak anlik parametreler giinlik toplam tasinim miktarlarina déntstiralmustir.
Gunluk taginan miktarlarin aylik toplam degerleri ayrica hesaplanmis ve ilgili ayin giin
sayisina béliinerek ortalama degerler olarak belirlenmigtir.

2014 su yilinda havzadan taginan ginliik demir, ¢inko, klor ve bakir miktarlar
Cizelge 4 ve Sekil 3’de verilmigtir.

Cizelge 4. Anlik 6l¢tim, taginan toplam ve ortalama degerler
Figure 4. Instant measurement, total and average values carried

Aylar
Parametre

Ekim Kasim  Aralik  Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylil
O]gﬁ]en anhk Cut*t, mg Lt 0.33 0.35 0.22 0.19 0.20 0.27 0.02 0.11 0.01 0.07 0.09 0.12
Taginan toplam Cu*, kg 0.71 4.06 15.81 15.04 23.70 87.18 7.05 129.01 19.15 33.27 32.88 22.33
Ta§1nan ortalama Cut*t, kg 0.02 0.14 0.51 0.49 0.85 2.81 0.23 4.16 0.64 1.07 1.06 0.74
Olgﬁlen anlik Fe™, mg L1 0.08 0.09 0.10 0.07 0.08 0.06 0.05 0.07 0.09 0.07 0.07 0.08
Tasinan toplam Fe**, kg 0.16 1.19 6.79 5.58 9.74 23.20 29.98 84.76 84.60 31.80 22.02 16.36
Tasinan ortalama Fett, kg 0.01 0.04 0.22 0.18 0.35 0.75 1.00 2.73 2.82 1.03 0.71 0.55
Ol(;ﬁlen anlik Zn**, mg L' 0.12 0.13 0.08 0.07 0.07 0.15 0.11 0.10 0.03 0.11 0.08 0.13
Tasinan toplam Zn**, kg 0.23 1.54 5.81 5.53 8.22 54.55 61.75 115.60 50.70 51.73 29.86 22.70
Tasinan ortalama Zn**, kg 0.01 0.05 0.19 0.18 0.29 1.76 2.06 3.73 1.69 1.67 0.96 0.76
Olgijlen anhk Cl', mg L* 0.07 0.07 0.07 0.07 0.08 0.05 0.08 0.07 0.08 0.06 0.13 0.11
Tagman toplam Cl> kg 0.11 0.98 5.13 5.31 9.15 75.07 140.92 85.19 78.17 26.13 33.34 25.58
Taginan ortalama Cl, kg 0.00 0.03 0.17 0.17 0.33 2.42 4.70 2.75 2.61 0.84 1.08 0.85

* Anlik olgiim degerleri gélet havzasindan alinan 6rneklerde yapilan laboratuvar analiz sonug¢larini, aylik toplam ve
ortalama degerler ise giinliik akim miktarlarinin dikkate alinmasiyla hesaplanan degerleri ifade etmektedir.
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Sekil 3. Demir, ¢inko, klor ve bakir giinlik taginimi
Figure 3. Daily transport of iron, zinc, chlorine and copper

Cu*?
Y1l igerisinde aylik olarak o6lgiilen Degirmendere Cu*? konsantrasyonunun en yuksek
degeri 0.35 mg L ile Kasim ayinda, en disiik toplam bakir konsantrasyonu ise 0.008
mgl!ile Haziran ayinda belirlenmistir. Bakir konsantrasyonu yaz aylarinda en distik,
kig sonu ile ilkbahar baglangic1 arasindaki dénemde yiliksek, sonbahar ve kig aylarinda
en yiksek seviyelerde olmustur.

Meyve bahgelerine uygulanan bakir igerikli ilaglarin artiklarinin gélete ulagmasi, bu
sonucta etkili olmustur. Goéztast gibi bakirhh ilaclar uygulandiktan sonra, ilkbahar
yagislarinin baglamasi ile géleti besleyen suya karigsmasi sonucunda sudaki bakir
konsantrasyonunun yiikseldigi degerlendirilmistir. Mutlu ve ark. (2013), Horohon
Deresinde yapmais olduklar: su kalitesi arastirmasinda kis aylarinda bakir degeri tespit
edilmemesine karsin, Cu*? igeriginin ilkbahar aylarinda birden yiikseldigi ve Mayis
ayinda 0.036 mgl!ile en yliksek degerine ulagtigin1 rapor etmiglerdir. Arastirmacilar
ilkbahar aylarinda bakir miktarinin artis nedeni olarak derenin ¢evresinde bulunan
meyve bahgelerinde yapilan bakim ve budama islemlerinin ilkbahar aylarinda
gerceklesmesiyle budama igleminden sonra bakir icerikli zirai ilaglarin yogun sekilde
yapilmasi ve yagmur sulariyla bu zirai ila¢ kalintilarinin suya karismasindan
kaynaklandigini ileri stirmiiglerdir. Mutlu ve ark. tarafindan bulunan bulgular Ziyaret
Goleti Havzasi’'nda yapilan arastirmayi benzer gerekgelerle desteklemektedir.

Ziyaret Goleti Havzasinda yapilan calismada elde edilen bakir degerleri ortalamasi
(0.15 mg 1'1), SKKY (2008) ile karsilastirildiginda, III. sinif su kalitesi kapsaminda yer
aldig1 gozlenmektedir (Cizelge 1).

Havzada meydana gelen ginlik Cu*? taginim degerleri belirlenmis ve Cizelge 4’ te
verilmigtir. Havzadan toplam tagsinan Cu*? miktarinin ilkbahar aylarindan Mayis
ayinda 129.01 kg ile en yliksek seviyede oldugu ve sonbahar aylarindan Ekim ayinda
ise 0.71 kg ile en dusiik seviye de oldugu gorilmektedir. Ortalama Cu*? taginimi 0.02
kg ile 4.16 kg arasinda degismistir. Havzada akimlarin oldugu dénemlerde en fazla
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glinlik taginim, Mayis ayinda 25.41 kg ve minimum ginlik tasinim degeri ise Ekim
ayinda 0 (sifir) belirlenmistir.

Fet?

Degirmendere’de yapilan analizlere goére en yiiksek demir konsantrasyonu Aralik
aymda 0.096 mgl?, en disiik demir konsantrasyonu Nisan aymda 0.051 mgl? olarak
gozlemlenmigtir. Calisma takvimi siiresince Ziyaret Goletini besleyen su igerisindeki
demir konsantrasyonunda belirgin farkliliklarin olmadig: séylenebilir.

Ziyaret Goleti Havzasinda yapilan calismada elde edilen demir konsantrasyonu
ortalamas1 SKKY (2008)’e gore II. sinif su kalitesi kapsamindadir. Mert ve ark. (2010),
Urgiip ilcesi Damsa Baraj Goli'nde yaptiklar: arastirmada demir konsantrasyonunun
SKKY (2008) gore I. simf su kalitesi kapsaminda oldugunu bildirmislerdir.
Degirmendere demir konsantrasyonunun Damsa Baraj Go6li  demir iyonu
konsantrasyonundan daha diisiik oldugu gézlenmigtir.

Ziyaret Goleti Havzasi’ndan taginan toplam Fe*2 miktar1 en yiksek Mayis ayinda
(84.76 kg), en diisiikk Ekim aymnda (0.16 kg) olmustur. Tasinan toplam Fe*? miktar
ilkbahar aylar: ile birlikte artmis ve bu artis yaz aylarindan Haziran aymna kadar
devam etmigstir. Haziran ayindan sonra ise diisiis baglamis ve bu diisiis sonbahar
aylarindan Kasim ayina kadar devam etmistir (Cizelge 4).

Havzada tasinan giinlik ortalama Fe*t2 miktarn 0.01 kg ile 2.82 kg arasinda
degismistir. Akimlarin oldugu dénemlerde Fe*2 miktarinin giinlik minimum taginim
seviyesi Ekim aymda 0 (sifir) olmasina karsin, giinliikk en fazla tasinim seviyesi ise
Haziran ayinda 21.01 kg olmustur. Tasinan toplam Fe*2 konsantrasyonunda ilkbahar
aylarindan Nisan ayindan sonra akimlarin artmasi sonucunda ciddi bir yiukselis oldugu
Cizelge 4.’de gorulmektedir.

In*?

Analiz sonuglarina gore aylik ¢inko degerleri Sekil 4’ te verilmigtir. Degirmendere’de
yapilan aylik analizler neticesinde sudaki en yliksek ¢inko degeri Mart ayinda 0.146
mgll, en digtik ¢cinko degeri ise 0.033 mgl ! ile Haziran ayinda gézlemlenmistir. Ziyaret
Goleti'ni besleyen suyun cinko konsantrasyonunda calisma takvimi siiresince belirgin
farkliliklarin olmadig: s6ylenebilir.

Yapilan calismadaki cinko degeri ortalamalarinin SKKY (2008) gore I. sif su
kalitesi kapsaminda oldugu belirlenmigtir.

Havzada meydana gelen Zn*? tasinmasi en yliksek Mayis ayinda 115.60 kg ve en
disik Ekim ayinda 0.23 kg olmustur. Taginan toplam Zn*2 miktarinin kis aylarinda
birbirine yakin degerlerde olmasina kargin, ilkbahar aylarinda akimlarin artmasiyla
birlikte ciddi yiikselmeler oldugu, yaz aylarinda ilkbahar aylarina gére akimlar azaldig:
1cin disiis bagladigr Cizelge 4’ te goriilmektedir. Taginan ginlik Zn*2 miktar: ortalama
0.01 kg ile 3.73 kg arasinda degismistir. Giinlik maksimum taginim seviyesi 22.15 kg
olmustur (Cizelge 4).

Cl-

Analiz sonuclarina gore belirlenen klor degerleri Cizelge 4 ve Sekil 2’ de verilmistir.
Ziyaret Goleti'ni besleyen suyun klor konsantrasyonu Agustos ayinda 0.128 mg I''ile en
yiksek seviyede olurken, Mart ayinda 0.053 mg 1! ile en diisiik seviyede olmustur.
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Ziyaret Goletini besleyen su igerisindeki klor konsantrasyonunda c¢alisma takvimi
stiresince belirgin farkliliklarin olmadig séylenebilir.

Ziyaret Goleti Havzasinda yapilan calismada belirlenen klor degeri ortalamalarinin
SKKY (2008)'ne gore 1. simif sular kapsaminda oldugu tespit edilmistir (Cizelge 4).

Toplam Cl- tasinim degerinin en yiuksek Nisan ayinda 140.92 kg, en diisiik 0.11 kg
ile Ekim ayinda oldugu goérilmektedir. Havzada akimlarin oldugu giinlerde, Cl-'un
ortalama giinliik taginim degerleri 0-4.70 kg arasinda degismis ve giinliik maksimum
tagimim degeri 22.57 kg ve minimum tasinim degerinin 0 (sifir) olmustur (Cizelge 4).

Ziyaret Gilet Havzasindan Mevsimsel Taginimlar

Ziyaret Goleti Havzasi’ndan tasinan bakir, demir, ¢inko ve klor miktarlarinin aylik ve
mevsimsel taginim degerlerinin minimum, maksimum, ortalama ve toplam degerleri
Cizelge 5’ te verilmistir.

Cizelge 5. Bakir, demir, ¢inko ve klor aylik ve mevsimsel taginim degerleri (kg giin')
Figure 6. Monthly and seasonal transport values of copper, iron, zinc and chlorine
(kg giin')

Mevsimler
Parametre Sonbahar Kis Ilkbahar Yaz
Eylil Ekim Kasim Aralik Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos
Min. 0.66  0.00 0.04 0.33 0.36 0.67 0.20 0.09 0.27 0.07 0.06 0.76
Bakir Max. 0.85 0.05 0.34 0.69 0.83 1.15 8.44 0.65 25.41 9.65 1.98 1.61
(Cu*) Ort. 0.74 0.02 0.14 0.51 0.49 0.85 281 0.23 4.16 0.64 1.07 1.06
Toplam 22.33 0.71 4.06 15.81 15.04 23.70 87.18 7.05 129.01 19.15 33.27 32.88

Mevsim Toplam1 27.10 54.54 223.24 85.30
Min. 0.49 0.00 0.01 0,13 0,14 0,28 0,28 0,43 1,02 1,15 0,91 0,57
Demir Max. 0.61 0.01 0.13 030 029 048 1.8 3.74 17.48 21.01 1.13 0.90
(Fe*?) Ort. 0.55 0.01 0.04 0.22 0.18 0.35 0.75 1.00 2.73 2.82 1.03 0.71
Toplam 16.36 0.16 1.19 6.79 5.68 9.74 23.20 29.98 84.76 84.60 31.80 22.02

Mevsim Toplami 17.70 22.11 137.95 138.42
Min. 0.58 0.00 0.01 0.13 0.14 0.23 0.28 1.02 1.50 0.66 1.52 0.68
Cinko Max. 0.93 0.02 0.14 0.24 0.29 040 450 6.97 22.15 8.41 1.86 1,51
(Zn*?) Ort. 0.76  0.01 0.05 0.19 0.18 0.29 1.76 2.06 3.73 1.69 1.67 0.96
Toplam 22.70 0.23 1.54 5.81 5.53 8.22 54.55 61.75 115.60 50.70 51.73 29.86

Mevsim Toplam1 24.47 19.56 231.90 132.29
Min. 0.66  0.00 0.01 0.11 0.14 0.26 0.24 0.79 1.09 1.09 0.66 0.59
Klor Max. 1.10 0.01 0.11 0.21 0.28 0.45 22.57 8.73 16.08 19.34 1.08 1.43
(cn) Ort. 0.85 0.00 0.03 0.17 0.17 0.33 2.42 4.70 2.75 2.61 0.84 1.08
Toplam 25.58 0.11 0.98 5.13 5.31 9.15 75.07 140.92 85.19 78.17 26.13 33.34

Mevsim Toplam1 26.67 19.59 301.18 137.64

Bakirin golete en fazla tagindigi mevsim 223.24 kg gtinile ilkbahar mevsimidir. En
az tasindig1 mevsim ise 27.10 kg giinlile sonbahar mevsimidir. Yaz mevsiminde golete
tasinan toplam bakir degeri 85.30 kg giin! iken kis mevsiminde 54.54 kg gin? dir.
Ilkbahar aylarinda bakir miktarimin artmasimn nedeni olarak, derenin gevresinde
bulunan meyve bahgelerinde yapilan bakim ve budama islemlerinin ilkbahar aylarinda
gerceklesmesiyle budama igsleminden sonra bakir icerikli zirai ilaglarin yogun sekilde
yapilmas1 ve yagmur sulariyla bu zirai ila¢g kalintilarinin suya karismasindan
kaynaklandig1 diistintilmektedir.

Demirin gélete en fazla tasindigi mevsim 138.42 kg giin ile yaz mevsimidir, en az
tagindigir mevsim ise 17.70 kg giin! ile sonbahar mevsimidir. Kigs mevsiminde demirin
golete taginim degeri 22.10 kg giin! iken, ilkbahar mevsiminde 137.95 kg giun Vdir
(Cizelge 5). Her ne kadar ilkbahar aylarinda suda belirlenen demir konsantrasyonu en
yiksek diizeyde degilse de genel olarak konsantrasyonun ilbahar ve yaz aylarinda
kiicik farklarla birbirine yakin ve diger mevsimlerden daha yiksek oldugu
gorilmektedir.
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Cinkonun golete en fazla tagindig1 mevsim 231.90 kg giin! ile ilkbahar mevsimidir.
Cinkonun golete en az tasindigi mevsim ise 19.56 kg gin ile kis mevsimidir. Yaz
mevsiminde golete tasinan toplam c¢inko degeri 132.29 kg gilin?! iken sonbahar
mevsiminde 24.47 kg gin'?’ diir. Goleti besleyen sudaki ¢inko konsantrasyonu ilkbahar
aylarinda taginim miktarinin yikselmesinin sebebi olarak yagislarin artmasi ile artan
akimlardan kaynaklandig: diistinilmektedir.

Klorun golete en fazla tasindigi mevsim 301.18 kg gunile ilkbahar mevsimidir. En
az tasindig1 mevsim ise 19.59 kg giin ile kig mevsimidir. Sonbahar mevsiminde klorun
gblete taginim degeri 26.67 kg giin!iken, yaz mevsiminde 137.64 kg giin'?’ dir. Géleti
besleyen sudaki taginan klor konsantrasyonu yagigslarin artmasi ile akimlarin da artig
gosterdigi ilkbahar aylarindan itibaren arttig1 goriilmektedir (Cizelge 5).

Ziyaret Goleti Havzasinda yapilan calismada ele alinan parametrelerin tanimlayici
istatistik degerleri Cizelge 6’ da verilmistir.

Cizelge 6. Calismada ele alinan parametrelerin tanimlayici istatistikleri
Table 6. Descriptive statistics of the parameters discussed in the study

Cu*2 Fet2 Zn*2 CI

Toplam 390.19 316.17 408.22 485.08
Ortalama 1.07 0.87 1.12 1.33
En fazla 25.41 21.01 22.15 22.57
En az 0.00 0.00 0.00 0.00
Basiklik 67.97 82.43 61.27 26.53
Carpiklik 6.77 8.01 6.25 4.48
Standart Sapma 1.98 1.69 1.75 2.48
DK 54.03 51.40 63.86 53.66

Ziyaret Goleti Havzasinda yapilan ¢alismada ele alinan parametrelerin tanimlayici
istatistik degerleri incelendiginde, havzaya tasinan kimyasallarin yiksekten aza dogru
Cl- 485.08 kg, Zn*2 408.22 kg, Cu*? 390.16 kg ve 316,17 kg ile Fe*2 olacak sekilde
siralanmigtir.

Havzaya tasman kimyasallarin degisim katsayilari incelendiginde ele alinan
parametrelerin tamami %50’nin tizerinde degiskenlik géstermigtir. Havzaya tasinan
kimyasallarin standart sapma degerleri incelendiginde standart sapma degerlerinin
disik olmasi1 yillik degisimin az oldugunu gostermektedir. Havzaya tasinan
kimyasallarin basiklik degerleri 26.53 kg ile 82.43 kg arasinda ve ¢arpiklik degerleri de
4.48 kg ile 8.01 kg arasinda degismistir (Cizelge 6).

SONUC

Bu calisma ile Amasya Ziyaret Goleti Havzasi’nda su kalitesini etkileyen bakir, demir,
cinko ve klor igeriklerini belirlemek i¢in aylik periyotlar halinde alinan numunelerde
analizler yapilmigtir.

Ziyaret Goleti Havzasindan Cl 485.08 kg, Zn*2 408.22 kg, Cu*? 390.16 kg ve Fe*2
316.17 kg olarak yillik taginim degerleri tespit edilmigtir.

Havzadan Ziyaret Goletine tagsinan kimyasallarin yillik ortalama tasinim
degerlerini su kirliligi kontrol yonetmeligine gore degerlendirildiginde; Cl ve Zn*2 esas
alindiginda I. simif sulara, Fe*2 I1. simif sulara, Cu*?, II1. sinif sular igerine girmistir. Bu
arastirmanin sonucuna gore, Ziyaret Goleti Havzasi’ndan tasinan Cl-, Zn, Fe ve Cu
icerikleri sulama amachh kullanilan goélet i¢in 6nemli bir kirlilik wunsuru
olusturmamakla birlikte kontrol ve izleme ¢aligmalarinin devam etmesi 6nerilir.
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CIKAR CATISMASI
Biz yazarlar olarak aramizda bir ¢ikar ¢catigsmasi olmadigini beyan ederiz.

YAZAR KATKISI

Danismani oldugum yiiksek lisans 63rencisi Isa Kaya’nin tez calismasindan tretilmis
bu yayinda,

Isa Kaya: Su 6rnek analizlerini,

Trfan Oguz: Calismanin dizayni, model kisminin hazirlanmasi ve sonuclarin
yorumlanmasinda,

Rasim Kogyigit: Yorumlarda katki saglamiglardir.
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ABSTRACT

Developing countries with inadequate waste disposal system
unit or regulatory process is at risk of metal land. The aim of the
study is to access the suitability of soils around old Nekede road
in Owerri West L.G.A of Imo State in Nigeria. After the removal
of the overlying waste soil samples were collected from five (5)
different control points of open waste landfills (deposit point,
North point, south point, east point and west point), 100m away
from each other and at a depth of three different depths (0-15
cm, 15-30 cm and 30-45 m) on an open waste landfill using a
Dutch soil auger. The physicochemical parameters of the soil
were determined using standard laboratory methods, while, the
diethylene triamine penta- acetic acid (DTPA) extraction method
was used for Fe and Zn. The results were evaluated by ANOVA.
Iron and zinc concentrations in deposit point with the depth of
0-15 cm,15-30 cm, 30-45 cm, ranged from 202.85 mg kg1, 164.47
mg kgl!, and 131.33 mg kg!. Hence, it falls within the
permissible range from 2760.1 to 2833.07 mg 100g%; while, Zinc
ranged from 147.5 mg kg1, 67.22 mg kg'!, 26.13 mg kg'!, and falls
within the permissible limits of 300 mg kg!. The concentration
of heavy metals on under review was moderate and falls under
the permissible standard during the time of this study. It will be
suggested that the land can adequately produce with or without
additional treatment. Crops such as cassava, plantain and
banana can be encouraged in such areas.
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INTRODUCTION

Natural constituent of the earth’s crust such as heavy metals are non-degradable and
sometimes, they find their way in our bodies through drink, food, water and air. Some heavy
metals for instance, iron (Fe) and zinc (Zn) are essential for metabolic maintenance in
humans. However, if not regulated at higher concentrations heavy metals have been shown
to have negative effects and impact on the environment and humans (Sia Su, 2008). Heavy
metal is any metallic substance that has a relatively high density and a low concentration, it
is toxic. Some of such heavy metals include mercury (Hg), cadmium (Cd), arsenic (As),
chromium (Cr), titanium (Ti) and lead (Pb), etc. An open waste dump site is defined as a land
disposal site whereby solid wastes are disposed of in a manner that does not protect the
people and environment; it is vulnerable to open burning. Open waste dumping includes the
solid waste of this different sort which when disposed poses reasonable possibility of adverse
effects on the health of the environment (Adelekan and Alawode, 2011).

Gases such as methane are released in the surrounding as decomposition takes place, air
and micro-organisms acting as a catalyst on the waste during the process. Fires pollutes the
air with acidic smoke and other several volatiles liquids which were discharged, seeps
through the solid waste heap, in due course reaches the soil, gravity water (surface) and
ground water. Dangerous materials such as hydrocarbons, heavy metals, herbicides and
pesticides that dissolves as liquid often contaminate and pollute water and soil (Adelekan
and Alawode, 2011). Anikwe and Nwobodo (2001) noted that regular depositing of municipal
waste on soils and its surface water would be unfriendly to deep feeding crops. Heavy metals
such as nickel, cobalt, arsenic, cadmium, lead, chromium, and mercury are of great concern
largely because of their capability to cause harm to humans, soil organisms, plants and
animals (Adelekan and Abegunde, 2011).

Bacud et al (1994) pointed out that the pollution soil and ground water system could be
as result of a poorly designed waste water tanks. Soil and ground water acidification and
nitrification have been linked to waste dumps as well as microbial contamination of soil and
ground water system (Awomeso et al, 2010). According to Sia Su (2008), solid waste dumps
through leachate seeps to the groundwater, thereby causing abnormalities, such as cancer of
the body and heart diseases. Rapid urbanization due to population increase laid to higher
waste generation and improper waste management gives rise to both health and
environmental concerns.

Adelekan and Alawode (2011) noted that waste from municipal dumpsites bear soils that
are satisfactorily rich in organic matter that would be acceptable for surface feeder plants.
Subsequently, Brady (1996) and Helmore and Ratta (1995) reported concurrently, that an
open dump sites perform a twofold purposes of a safe disposal of waste and simultaneously
approved chemical properties of soils that constitute productive agricultural fields. Nigeria a
Western African country has a comparatively very poor waste management approach. Thus,
the inadequate waste management approach has the potential of increasing soil metal
concentration in and around the Nekede open dumpsite. Soil metal contamination increases
health risks and deteriorates agricultural lands. In Imo state, the Ministry of Environment
is saddled with the responsibility of checkmating solid waste and other waste disposal. The
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ministry has verse land allocated along old Nekede road for disposal of wastes both solid and
others collected from different parts in Owerri town and its environments.

Owerri a non-industrial area that, refuses generated within the city comprise largely of
degradable and non-degradable materials from the shopping malls, local markets, offices,
hospitals and households such as garbage, plastics, textiles, sludge from sewage, dead
animals, ashes, wood, disposed of food, stationaries and farm waste produce. However,
damaged metallic materials from vehicle parts, electronics, computers, can drinks, etc. are
also disposed of in the same way as the other non-metal contaminants. Methane and other
gases are released into the surrounding air and micro-organisms decays loosening the solid
waste and numerous volatile liquid that discharge; which seeps through the solid waste pile
ultimately reaches the soil, shallow water and ground water. The harmful materials which
include heavy metallic concentration, pesticides, herbicides and hydrocarbons consequently
dissolves to form liquids that contaminate both soil and water (Adelekan and Alwaode, 2011).

Anikwe and Nwobodo (2001) postulated that disposal of municipal waste on soils may
cause an increment in heavy metals composition in the soil and shallow water that would be
amicable to deep feeding crops. Therefore, this study seeks to access the physicochemical
properties of some selected soil samples of municipal open waste dumpsite in old Nekede
Road Owerri West Local Government Area, Imo State of Nigeria. Specifically, the objectives
are to, determine the organic matter composition with respect to its amount that will be
favorable to plants growth around the dumpsite, determine the composition of Fe and Zn
contents and fertility position of the soils around the dumpsite. The crux of the study is to
know that continuous disposal of degradable municipal waste material from different
locations of the state such as markets, offices, hospitals and house - holds which includes
garbage, plastics, textiles, stationeries, and sludge from waste production soils leads to an
increase in heavy metallic concentration in the soil. Surface waters are also affected which
would be harmful to deep feeding plant. The study was conducted in an open dumpsite along
old Nekede Road, Owerri West Local Government Area, Imo State. It is limited to the
determination of the physical and chemical parameters of some waste soil such as pH,
moisture content, carbon, available phosphorous, bulk density, cation exchange capacity,
nitrogen, calcium, sodium, phosphorus, potassium and heavy metals such as iron and zinc.

MATERIALS and METHODS

The study was conducted near a dumpsite located along the old Nekede road in Owerri West
L.G.A of Imo State (Figure 1). It lies between longitude 5° 25’ 03” N and latitude 6° 55’ 06”
E.

The study area was about 3 km from Owerri main town. It was characterized by a main
annual rainfall ranging from 2000-2500 mm, a mean temperature ranging from 26-28 °C and
humidity ranging from 70-80% (Obineche et al., 2016).

Surface soil samples were collected from old Nekede road dumpsite in Owerri West Local
Government Area, Imo State After the removal of the overlying waste, samples were collected
from (5) different control points of open waste dumpsites (deposit point, north point, south
point, east point and west point), 100 m away from each other and at a depth of three different
depths (0-15, 15-30 and 30-45 cm) on an open waste dumpsite using a Dutch soil anger. The
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soil samples from the waste collected were air dried, grinded and sieved using a 2mm sieve.
These soils were stored in a labeled black polythene bags and taken to the laboratory for
analysis. The soil physical and chemical analysis was carried out at the soil Research
Laboratory. Standard laboratory procedures were followed in the analysis of the selected soil
properties considered in the research, soil pH was measured in a water suspension using the
glass electrode coupled pH meter. The (CEC) cations was determined by extracting a 1m
ammonium acetate buffered (colloids) at pH 7. Calcium (Ca), magnesium (Mg), potassium (K)
and sodium (Na) were determined by EDTA method as described by Udo et al (2009).
Titration method was used to determine exchangeable acid (EA) according to Juo (1979). One
gram of each of the sieved soil samples was digested in a mixture of concentrated nitric acid
(NHOs), concentrated hydrochloric acid (HCI) and 27.5% hydrogen peroxide (H202) according
to the USEPA method 3050B for the analysis of heavy metals and major ions (USEPA 1996).
The concentration of heavy metals Fe and Zn was extracted by the diethylene triamine penta-
acetic acid (DTPA) method as described by Udo et a/ (2009) and was determined using atomic
absorption spectrophotometer (Unican solar 32) following standard procedures given in
ALPHA (1995). Statistical was done using, excel and analysis of variance (ANOVA) at 5%
level of probability and was also subjected to FAO (1976) standard for water and waste data
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Figure 1. Map location of the study area (Ngozi et al,, 2016)

RESULTS and DISCUSSION

Table 1A and 1B indicate the values of physical and chemical parameters in different
sampling points and depths. GMC (%) ranged from 23.09 to 30.12 % at depth of 0-15, 15-30
and 30-45 cm respectively at deposit point, However GMC (%) in other locations at the landfill
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varies in their content value (i.e. the amc %) of deposit point. This suggests lower layers are
fine textured compared to the top layer, of which water holding capacity is higher. at
minimum range of 23.09% and maximum range of 30.12%. Other locations are below the
range of value of deposit point. This suggests that waste soil at deposit point have required
value of moisture content suitable for plant growth.

Table 1A and 1B. The values of physical and chemical parameters in different sampling
points and depths of open waste dumpsite on old Nekede road, Owerri West

Table 1A.
CpP Rep. Depth Sand Silt Clay GMC BD TP K-sat MWD pH- pH-
%) %) % (%) H:0 KCl
Dp 1 0-15 76.8 10.4 12.8 23.09 1.38 47.92 12.14 3.098 5.6 4.5
Dp 1 15-30 70.4 14.0 15.6 25.48 1.47 4452 17.01 4.241 4.7 3.6
Dp 1 30-45 67.4 10.8 21.8 30.12 1.58 40.37 2.33 5.649 4.8 3.6
N 1 0-15 72.0 146 134 17.02 1.44 45.66 8.53 3.811 5.9 4.8
N 1 15-30 65.2 18.6 16.2 19.12 1.49 43.77 5.03 4.703 5.4 4.3
N 1 30-45 62.4 170 20.6 26.71 1.63 3849 1.88 5.941 5.1 4.0
S 1 0-15 74.2 13.0 12.8 18.34 1.40 47.16 9.44 3.575 5.8 4.9
S 1 15-30 66.8 17.1 16.1 21.04 1.50 43.39 6.12 4.864 5.5 4.5
S 1 30-45 64.3 14.1 21.6 27.98 1.67 63.01 1.25 5.883 5.3 4.1
E 1 0-15 77.2 9.8 13.0 16.84 1.43 46.03 8.94 3.515 5.9 4.8
E 1 15-30 70.2 13.6 16.2 18.64 1.49 43.77 5.13 4.605 5.3 4.4
E 1 30-45 67.6 9.5 22.9 24.72 1.59 40.00 1.08 5991 5.0 4.0
W 1 0-15 75.0 11.6 134 18.63 1.46 4490 9.03 3.595 6.0 4.9
W 1 15-30 69.4 15.1 15.1 20.12 1.51 43.01 7.01 4900 5.4 4.3
W 1 30-45 65.2 13.2 21.6 27.18 1.66 37.35 1.52 5.973 5.1 4.1
Table 1B.
cp Depth Av.P N ocC OM Ca Mg K Na EA CEC BS Al Fe Zn
(%) (mgkg?) (mgkg?)
Dp 0-15 294 0.211 238 4.10 188 6.4 0.680 0.548 1.29 27.66 9533 0.24 202.85 147.50
Dp 15-30 22.0 0.178 1.42 244 124 3.8 0.356 0.306 1.40 18.26 92.33 0.32 164.47 67.22
Dp 30-45 18.5 0.083 1.08 1.86 4.8 1.8 0.164 0.144 1.38 8.28 83.33 0.28 131.33 26.13
N 0-15 25.6 0.188 194 334 6.8 2.8 0.334 0.294 1.12 11.34 90.12 0.08 68.44 37.14
N 15-30 20.1 0.092 1.02 1.76 4.4 1.2 0.203 0.188 1.28 7.27 82.39 0.18 26.08 14.06
N 30-45 14.9 0.068 0.73 1.26 2.0 0.8 0.108 0.084 1.36 4.35 68.73 0.26 11.11 3.25
S 0-15 24.8 0.184 188 324 6.4 24  0.294 0.203 1.18 10.47 8872 0.12 58.64 29.60
S 15-30 21.3 0.098 1.12 193 4.6 1.0 0.186 0.162 1.36 7.30 81.36 0.26 38.56 18.43
S 30-45 13.6 0.069 0.69 1.19 2.2 0.6 0.093 0.078 1.42 4.39 67.65 0.28 19.12 5.16
E 0-15 26.0 0.193 1.90 3.27 7.2 2.2 0.321 0.288 1.12 11.12 89.92 0.08 65.77 34.45
E 15-30 21.4 0.085 0.96 1.66 4.9 1.4 0.211 0.174 1.38 8.06 82.87 0.24 30.13 21.31
E 30-45 14.3 0.058 0.58 0.99 2.1 1.0 0.113 0.081 1.38 4.67 70.44 0.28 16.18 6.03
w 0-15 25.8 0.180 1.83 3.15 7.0 2.6 0.304 0.290 1.08 11.27 90.41 0.06 61.98 37.17
w 15-30 19.4 0.096 1.09 1.88 4.8 1.8 0.193 0.155 1.24 8.18 84.84 0.18 32.16 20.44
w 30-45 15.2 0.062 0.66 1.14 22 0.8 0.082 0.059 1.39 4.52 69.24 0.26 15.99 8.03

CP: Control point, Dp: Deposit point, Depth (cm), GMC: Gravimetric content (%), BD: bulk density (g cm-3), TP: total porosity, K-sat: Potassium saturated (cm3h't), MWD:
mean weight diameters (mm), pH-H20 (water), pH-KC1 (potassium chloride), AV.P: Available phosphorus (mg kg-1), Ca: Calcium (C mol kg1), Na: Sodium (C mol}), TN:
Total nitrogen (%), OC: Organic carbon (%), OM: organic matter (%), BS: Base saturation (%), NP: North point, SP: South point, EP: East point, WP: West point.

K-sat (cm?) of the waste soil at the deposit point ranged from 12.14 cm3 and 2.33 cm? at a
specific depth of 0-15 cm and 30-45 cm respectively, but varies on other locations at a range
< 8.53 and >1.52 at the depth of 0-15 cm and 30-45 cm respectively. This indicates that the
surface soil of the deposit point has high value than other locations; this raise in
concentration maybe due to the nearest of the deposit point to the dump pit. Some crops may
yield well due to the content of potassium saturation in the waste soil which is vital for plant
growth.
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Mean weight diameter (mm) on table 1 indicates that waste soil at the deposit point ranged
from 3.098 and 5.649 mm at a specific depth of 0-15 cm and 30-45 cm respectively (mm) of
other location at the landfill area. pH-H20 of the waste soils at the deposit point ranged from
5.6 and 4.8 at a specific depth of 0.65 cm and 30.45 cm respectively but has similar pH content
in other location at the landfill area. The result implies that four different location points at
the landfill area have high acidic content in them.

pH-KCI of the waste soils at the deposit point ranged from 4.8 and 3.6 at the specific depth

of 0-15 cm and 30-45 cm respectively. The result of the deposit point is equivalent to other
location where the pH content of KClI is the same.
Available phosphorus (mg kg?) of the waste soils at the deposit point ranged from 29.4 mg
kgt and 18.5 mg kg at a specific depth of 0-15 cm and 30-45 cm respectively. When compared
to other values of different location point, it is confirmed that the deposit point of landfill has
high content of available phosphorus than other location point. This indicates that deposit
waste soils are suitable for plant growth.

Total nitrogen % in the refuse waste soils of deposit ranged from 0.211 and 0.083% at a
specific depth of 0-15 ecm and 30-45 cm respectively. This shows that the less Nitrogen
concentration of these locations may be attributed to have contributed to the poor growth of
plants observed in the sites. Organic carbons (%) in soils influence soil chemical and physical
processes and it 1s an important indicator of the soil as a rooting environment. However,
organic carbon (%) of the refuse waste soil shows that it is not a requirement for plant growth.
Calcium (Ca), magnesium (Mg); and potassium (K) of the refuse waste soil predominates in
deposit point of landfill area which indicate that the different five location points have poor
macro nutrient to grow and complete life cycle of the plant. In other words, the dumpsite area
contributed to the deficiency of fertilizer in the waste soils.

Sodium (Na) and Aluminum (Al) of the refuse waste soils at five different location points
in the landfill area shows very little or no content of sodium and Aluminum on the waste soil.
The two macronutrients are capable of making the soil become more acidic. This process
achieved by aluminum taking hydroxide out of the water and leaving hydrogen ion behind.
The cation exchanges capacity (CEC) of the waste soils at the deposit ranged from 27.66 and
8.28 cmol kg-! at a specific depth of 0-15 cm and 30-45 cm respectively. But varies in other
location points at the range of < 4.52 and >11.12 cmol kg-! of depths 0-15 and 30-45 cm
respectively. This indicates that the deposit point of the landfill has a higher rate of cation
exchange capacity (CEC) than other location points.

The exchangeable acidity (EA) of the waste soils at different five location points of a varied

depth beneath the earth crest indicates that there is little or no content of exchangeable
acidity. In other words, it is immeasurable to affect the productivity of plants.
The base saturation (%) of the refuse waste soils at the deposit point ranged from 95.33 and
83.33% at a specific depth of 0-15 cm. But have similar base saturation (%) content in other
locations points ranged from < 67.65 and > 92.23% of depths 0-15 cm and 30-45 cm. The
respect shows that the diffusing five location point has high content of base saturation in the
waste soils. This will enhance the growth and productivity of plant in the dumpsite area.
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Figure 2. The graphs of locations against iron (Fe) concentrations
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Figure 3. The graphs of locations against zinc (Zn) concentrations

Tables 3 show the result of some heavy metal concentration in open waste landfill.

Tables 3. The result of some heavy metal concentration in open waste landfill

CP Depth (cm) Fe (mg kg) Zn (mg kg)
DP 0-15 202.85 147.50
DP 15-30 164.47 67.22
DP 30-45 131.33 26.13
NP 0-15 68.44 37.14
NP 15-30 26.08 14.06
NP 30-45 11.11 3.25
SP 0-15 58.64 29.60
SP 15-30 38.56 18.43
SP 30-45 19.12 5.16
EP 0-15 65.77 34.45
EP 15-30 30.13 21.31
EP 30-45 16.18 6.03
WP 0-15 61.98 37.17
WP 15-30 32.16 20.44
WP 30-45 15.99 8.03

CP-control point, DP-deposit point, NP-north point, SP-south point, EP-east point, WP-west point,

Fe-iron, Zn-zinc

267
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Figure 4A shows iron (Fe) concentration in each location points of the landfill area. Figure
4B shows zinc (Zn) concentration in each location points of the landfill area.
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Figure 4A. Iron (Fe) concentration in each location points of the dumpsite area.

The iron (Fe) concentrations in deposit point of depth 0-15, 15-30 and 30-45 cm, ranged from
202.85, 164.47 and 131.33 mg kg respectively. This indicates that successive extractions of
metal in the deposit point have high level of iron in waste soil which is potentially toxic to
plants if not regulated.

The iron (Fe) concentrations in North point of depth 0-15, 15-30 and 30-45 cm ranged from
68.44, 26.08 and 11.11 mg kg! respectively; South point of depth 0-15, 15-30 and 30-45 cm
ranged from 58.64, 38.64 and19.12 mg kg! respectively; East point of depth 0-15, 15-30 and
30-45 cm ranged from 65.77, 30.13 and 16.18 mg kg respectively; West point of depth 0-15,
15-30, 30-45 cm ranged from 61.98, 32.16, and 15.99 mg kg!. This shows that other control
point of waste soils in landfill area have minimum concentration of iron (Fe) content which
1s suitable or permissible for plant growth.
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DP- Deposit point, NP- North point, SP-South point, EP- East point and WP- West point
Figure 4B. Zinc (Zn) concentration in each location points of the landfill area.
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Zinc (Zn) concentrations in deposit point of depth 0-15, 15-30 and 30-45 cm ranged from 147.5,
67.22 and 26.13 mg kg'l; North point of depths 0-15, 15-30, 30-45 cm ranged from 37.14,
14.06, 3.25 mg kgl; South point of depths 0-15, 15-30 and 30-45 cm ranged from 29.6, 18.43
and 5.16 mg kgl; East point of depths 0-15, 15-30, 30-45 cm ranged from 34.45, 21.31 and
6.03 mg kg'! and West point of depths 0-15, 15-30 and 30-45 ¢cm ranged from 37.17, 20.44,
8.03 mg kg! respectively. This indicates that results of the successive extractions of zinc in
the samples have it contents within the permissible limits of 300 mg kg for practice of
agriculture. Therefore, waste soils in the landfill locations points have low content of zinc
(Zn).

CONCLUSION

This research work focuses on physical and chemical properties of an open waste dumpsite
and heavy metal contamination levels in old Nekede road, Imo State. From the result
obtained, iron (Fe) had the highest content all through the analysis. The results showed also
that activities within the various control points might have been responsible for the increased
level of iron (Fe) in the landfill. Results of physical and chemical properties indicated that
refuse dumpsite soils to be slightly acidic with moderate moisture content. Total organic
carbon/matter and total nitrogen content of the refuse waste soil were moderate with
moderate’s values of C:N ratio implying that waste soil can be used in some agricultural soil,
as it will not pose problem to the crop, USDA (1996). Thus, the overall physical and chemical
parameters revealed that the soils were fertile to support plant species diversity, changes
and growth such plant includes plantain, banana and cassava. It is therefore appropriate to
recommend as follows; that solid waste deposited at the landfill contained materials with
high heavy metal content; hence, adequate refuse disposal mechanism should be put in place
to reduce the high acidic content. Sorting into biodegradable and non — biodegradable ones
before deposition should be keenly encouraged. It is also recommended that proper
remediation work should be done on such site found to contain high level of heavy metals
before it can be used for the cultivation of edible food crop in order to avoid heavy metal
poisoning through bio magnification. Lastly, it will be very important to adhere strictly and
comply with regulatory limits in sludge to be released from the villages into the environment.
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ABSTRACT

This paper evaluated the influence of cassava effluent on the
compressive strength of concrete for farm structures. Three sets
of concrete cubes were produced with a concrete mix ratio of 1:2:4
(C 15) and a water to cement ratio (w c1) of 0.5. The 1st set was
produced with 100% fresh water (tap water). The 2nd set was Received: 15.06.2020
produced with 75% partial replacement of the fresh water with Accepted: 06.08.2020
fresh cassava effluent, while the 3rd set was produced with 75%
partial replacement of the fresh water with old cassava effluent.
The density, water absorption rate and compressive strength of
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the concrete cubes was tested in accordance with ASTM Keywords :
International standards, at the end of 7, 14, 21, 28 and 56 curing

days. The results revealed that, the cassava effluent slightly > Cassava effluent,
increased the cubes density; but reduced their water absorption > Cassava starch,
rate. The study further showed that, concrete produced with > Concrete, o
fresh cassava effluent, developed the highest compressive | ~ Hydrocyanic acid,
strength (29.57 MPa) at the end of the 56th curing day. In | > Organic admixture

contrast, concrete produced with old cassava effluent developed
the lowest compressive strength (24.43 MPa) at day 56, which
was lower than the compressive strength of 27.18 MPa
developed by the concrete produced with fresh water (also at day
56). In addition, the cassava effluent retarded the initial rate of
strength development, as such, increasing its prospect as an
organic concrete admixture. This study will be helpful in
mitigating the harmful effects of cassava effluent in the
environment, since it can be utilized in concrete production.
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INTRODUCTION

Concrete is produced by mixing cement, fine aggregate and coarse aggregate in a
definite ratio. The cement acts as ‘glue’ that binds the aggregates together in the
concrete. The mechanical properties of any concrete are highly dependent on the
relative proportion of cement in the concrete (Shetty, 2001; FAO, 2011). During the
construction of farm structures, fresh concrete is usually produced within the building
site and poured into already prepared formworks, to produce the desired shapes and
sizes. In some cases, the concrete is precast at other areas, and brought to the building
sites for installation. A structure in engineering teams refers to the coupling of several
independent members, in which each member is subjected to flexural or axial force
(either tensile or compressive), and at times to both flexural and axial forces (Reynolds
and Steedman, 1999; FAO, 2011). Concrete is one of the most expensive building
materials used in the construction of farm structures; but it is more durable when
compared with other building materials. Farm structures play a vital role in increasing
agricultural productivity and overall production. Most of the farm storage and
processing structures are made of concrete. Concrete has high compressive strength
properties but very low tensile and flexural strength properties. The poor tensile and
flexural strength properties of concrete can be improved by making appropriate changes
in its constituents, or by adding special admixtures (Shetty, 2001; Yan and Chouw,
2014).

Admixtures are inorganic or organic chemicals that are added to concrete to improve
some of its physico-mechanical properties, so that the concrete can meets its intended
design target mean strength (Akpokodje and Uguru, 2019). The efficiency of any
admixture is dependent on the nature of the admixture, the amount of the admixture
added, the volume of the cement, the water-cement ratio, the nature of the aggregates,
the environmental temperature, etc. According to the Portland Cement Association
(PCA), the main functions of admixtures include; corrosion inhibition, shrinkage
reduction, alkali-silica reactivity reduction, air entrainment and workability
enhancement, bonding and strength development, damp proofing and coloring among
others. Air-entraining admixtures are used to encourage the development of microscopic
air bubbles in the concrete; while pozzolanic based admixture helps to prevent alkali-
aggregate reactions and enhance further strength development in the concrete (PCA,
2019). Despite the numerous advantages of admixtures, they have some limitations.
Some admixtures can increase the concrete’s drying shrinkage and reduce the concrete’s
resistivity to sulphate attack (Mishra, 2019). Some inorganic admixtures contain
formaldehyde, which is hazardous to the ecosystem, if discharged untreated into the
environment (Akindahunsi et a/, 2013).

Numerous researchers have investigated the influence of admixtures in concretes.
Dhir et al. (2009), reported that superplasticizing admixtures improved the mechanical
properties of the concrete produced. A compressive strength of 42.59 N mm-2 was
recorded in C35 concrete produced by partial replacement (0.05%) of the cement with
cassava starch; as against the 39.51 N mm-2 recorded in the C35 control concrete
(Abalaka, 2011). Likewise Okafor (2008) observed that cassava flour acted as a good set
-retarding admixture; thereby, improving the quality of the concrete produced with it.
Topcu and Atesin (2016) observed that the slump of concrete produced with
naphthalenesulfonate-based admixture had a better flowability when compared with
concrete produced with lignosulfonate-based admixture. Concretes produced from
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modified polycarboxylic ether polymer, were observed to have higher compressive
strength properties, when compared with concrete produced from sulfonated polymer,
after 28 curing days (Papayianni et al, 2005).

Cassava (Manihot esculenta) is a perennial crop with edible roots that is cultivated
widely, both in the tropical and subtropical regions of the world. The roots are processed
into various value-added products, such as; garri, statch, fufu, sweeteners, glues, etc.
Cassava has become a staple food for over 300 million people globally (IITA, 2019).
According to IITA, in 2017 about 291 million metric tons of cassava roots were harvested
globally, of which Nigeria accounts for about 59 million metric tons; amounting to
approximately 20%. Large quantity of effluent is discharged during the processing of
cassava roots into its useful products. This effluent contains vary concentrations of
hydrocyanic acid and starch; the concentration of hydrocyanic acid and starch in the
cassava effluent depends on the cassava cultivar, age, farming method, etc. (FAO, 2001).
Although, several researches have been done on remediation and the industrial
applications of cassava effluent, very few literatures have been reported on the
utilization of cassava effluent in the concrete production industry. Therefore, the
objective of this study is to evaluate the effect of cassava effluent, on some physcio-
mechanical properties of concrete, as may be applied in the construction industry and
farm structures. The results obtained will help in the evaluation of cassava effluent as
potential organic admixture.

MATERIALS and METHODS

Materials

Water

Borehole water obtained from the premises of the School of Engineering, Delta State
Polytechnic, Ozoro, Nigeria, was used for the concrete production. The water was free
from aquatic plants, foreign materials, oil contamination, suspended solids, pH of 7.2
and an electrical conductivity of 62 pS cm™.

Cement

Dangote Ordinary Portland Cement (OPC) was used for the concrete production. The
cement was manufactured in compliance with Nigeria Industrial Standard (NIS), and
has the standard cement grade of 42.5. Generally, cement grade 32.5 produces concrete
with lower compressive strength than cement grade 42.5 (NIS 444-1, 2003). According
to FAO (2011) concretes produced with OPC tend to have low resistivity to acids and
sulphates.

Fine aggregate

Natural riverbed sand (Sharp sand) obtained from River Ase in Delta State, Nigeria
was used as the fine aggregate. The sand was dried in the laboratory for two weeks, in
order to appreciably reduce its moisture content. According to FAO (2011), sand with
high moisture content is not preferred for concrete production; this is because it will
alter the water-cement ratio, which will in turn reduce the quality of concrete produced.
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Coarse aggregate

Crushed granite was used as the coarse aggregate in the concrete production. The
granite was sieved with a 20 mm gauge sieve and only aggregate passing though was
used, while the retained material was discarded. Furthermore, the granite was washed,
decanted and dried. This was done to remove all amounts of dirt and other organic
deleterious matter present in the granite, which can reduce the compressive strength
of the concrete produced.

Preparation of cassava effluent
The cassava (cv. TME 419) roots were harvested from the research farm of Delta State
Polytechnic, Ozoro, Nigeria. They were peeled manually, washed and grated using a
cassava grating machine. The grated cassava roots were bagged in jute sack, and the
cassava effluent was extracted by using a manual press, to expel the effluent. The
cassava effluent obtained was filtered with a 150 pm gauge stainless steel sieve, to
remove all solid particles.

The prepared cassava effluent was then divided into two parts; one part was used
immediately for the concrete production, while the other was left to ferment to seven
days before it was used.

Preliminary Tests

The physical characteristics of both the coarse and fine aggregates were determined in
compliance with ASTM International procedures. The grading curves of the fine and
coarse aggregates were determined by using the British Standard (BS) sieves; while
some geotechnical properties of the coarse and fine aggregates were determined in
compliance with ASTM International procedures. Likewise, the physiochemical
properties of the cassava effluent were determined using the APHA approved
procedures (APHA, 2005).

The physical characteristics of the fine and coarse aggregates used for concrete
production were well graded and met the NIS and ASTM International standards
(Table 1). As shown in Table 1, the moisture content of the fine and coarse aggregate
was relatively low, and were within NIS specifications. Figure 1 shows the gradations
of the fine aggregate, which revealed that the fine aggregate was well graded and
satisfied ASTM International requirements. According to ASTM D2487-11, any fine
aggregate having uniformity coefficient (Cu) less than 6 (Cu < 6), and fines particles
less than 5% (fines < 5%), is considered Poorly Graded, and not preferable for concrete
production (USCS, 2015).

Table 1. Physical characteristics of the aggregates

Aggregate Specific gravity* Absorption capacity (%)* Moisture content*
Fine 2.53+£0.05 2.14+0.04 3.82+0.29
Coarse 2.65+0.02 3.24+0.11 2.056+0.19

Values are means + standard deviation, *Average value of triplicate results
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Figure 1. Particle size distribution of fine aggregates used for the concrete production

Methods

Mix design

Batching was done by volume for the concrete production. A concrete mix of 1:2:4 (C15)
was adopted. A water to cement ratio (w c¢1) of 0.5 was generally employed, with the
water content partially replaced with 75% (by volume) of cassava effluent, for the
investigated cases.

Mixin

Mechagnical mixing method as adopted for the concrete production. A tilting drum batch
mixer was used to mix all the concrete constituents to achieve a homogenous mixture.
Before the cassava effluent was introduced in the concrete production, it was stirred
vigorously for five minutes, so that a fairly homogenous mixture can be attained. This
1s because starch and other components of cassava effluent have the tendency of settling
within short period of time under tranquil conditions.

For the purpose of this study, three sets of concrete cubes were produced. The first
set of concrete cubes was produced with 100% fresh water (tap water). They were tagged
“Control”.

The second set of concrete cubes were produced with 75% (by volume) of fresh cassava
effluent, and they were tagged “CE-D1”.

The third set of concrete cubes were produced with 75% (by volume) of seven-day old
cassava effluent, and they were tagged “CE-D7”.

Concrete cubes production
All the concrete cubes were produced with standard dimensions of 150 mm x 150 mm x

150 mm. During the production; the freshly mixed concrete was poured into a standard
steel mould in three equal layers, and then rammed thirty-five times per layer. The cast
concrete cubes were then covered with a black polyethylene sheet and left inside the
concrete laboratory for twenty-four hours, after which they were de-moulded, and were
cured by total submersion in clean water.
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Laboratory tests
(a) Physical characteristics

Concrete water absorption rate test

The water absorption rate of the various concrete sets was determined in compliance
with B.S 1881- 122 recommended procedures. During the test, three concrete cubes from
each experimental set were taken from the curing tank and dried in a laboratory oven
pre-set at 110+5°C for 48 hours. The dried concrete cubes weight was taken with digital
weighing balance and were tagged Wi1. There freshly dried concrete cubes were then
immersed in fresh water for 24 hours. At the end of the 24 hours, they were taken out
of the water, dried with paper towel. After which, the concrete cubes were weighed
again, and the new weight was tagged Ws. The water absorption rate of concrete cubes
was calculated using (Equation 1).

”ﬁ;”“><100 (1)
1

Water absorption rate (%) =

Concrete density determination

The density of the concrete produced was determined in compliance with ASTM C138/
C138M (2017) recommended procedures. Each concrete cube was weighed with an
electronic digital weighing balance, with 0.01 Kg accuracy. Then the three principal
dimensions (length, width and height) of the cube were measured with an electronic
digital caliper, with 0.01 mm accuracy. Density of each concrete cube was calculated as
the ratio of the mass to the volume of the cube, as shown in Equation 2 (Esegbuyota et
al, 2019).

., _  Mass
Density = ——— (2)
The concrete cubes that were used for the density and water absorption rate tests
were marked, and were not used for compressive test, sue to the distortion in the curing
process.

(B) Compressive strength test

The compressive strength test for the concrete cubes was carried out in accordance with
ASTM C109 / C109M (2020) standards. Compressive strength of a concrete cubes was
determined using the concrete Compression Testing Machine (Model: STYE 2000),
manufactured in China. During the test, individual concrete cube was clamped in
between the platens in the compression chamber of the machine, and compressed
axially, at a slow speed of 0.6+0.2 mm min!until the concrete cube failed under the
increasing load. The force required to crush individual concrete cube, was read from the
digital screen attached to the machine and recorded. Using the crushing force, the
compressive strength of the concrete cube was calculated by dividing the crushing force,
by the effective surface area of the concrete cube on which the loading was applied
(Equation 3).

Crushing force (3)

Compressive strength =
p 9 Effective surface area of cube
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All the laboratory tests were done at the Department of Civil Engineering
Technology, Delta State Polytechnic, Ozoro, Nigeria, at ambient temperature (27+3°C).
Four cubes per sample set were tested and the average value recorded. The concrete
cubes were tested at the end of 7, 14, 21, 28 and 56 curing days.

RESULTS and DISCUSSION

Physicochemical properties of the cassava effluent

The physicochemical properties of the cassava effluent used for the concrete production
are presented in Table 2. The results revealed that the fermented cassava effluent was
more acidic than the fresh cassava effluent. In addition, the starch content of the
cassava effluent declined with the aging of the effluent; while the Total dissolved solids
generally increased, as the cassava effluent gets aged (from Day 1 to Day 7).

Table 2. Physicochemical properties of cassava effluent

Parameter Fresh cassava effluent*® Old cassava effluent*®
pH 5.12+0.19 3.15+0.23
Hydrocyanic acid (mg 1) 10.62+1.12 22.74+1.52

Starch (m3 t) 34.5+3.22 22.1+4.19

Total dissolved solids (mg 1) 2,432+44.91 4,428+65.22
Electrical conductivity (uS cm™) 1712+20.44 3512+32.29

Values are means + standard deviation, *Average value of triplicate results

Concrete water absorption rate

The water absorption rate of the concrete cubes is presented in Table 3. The study
revealed that the water absorption rate of the concrete generally declined with aging of
the concrete. Declining trend of the water absorption rate of the concrete with age,
observed in this study is in agreement with previous study results of Akindahunsi et al.
(2012). From the results, it was observed that control concrete cubes recorded the
highest 56 day water absorption rate (4.9%); concrete produced with old cassava effluent
recorded 56 day water absorption rate of 4.3%; while concrete produced with fresh
cassava effluent recorded the least 56 day water absorption rate (3.2%). This signified
that concrete produced with fresh cassava effluent absorbed lesser water than those
concretes produced with fresh water. Lower water absorption rate recorded in the
concrete produced with cassava effluent, could be attributed to the starch content of the
effluent, which acts as an admixture.

Similar results were reported by Akindahunsi and Uzoegbo (2015), where concrete
incorporated with cassava starch had lower water absorption rate, when compared with
control concrete (concrete produced without cassava starch). In addition, Akpokodje and
Uguru (2019) observed that cassava effluent was able to reduce the water absorption
rate of sandcrete blocks by approximately 45% after 28 curing days. According to ASTM
C1585 (2013), concrete water absorption rate is highly influenced by the concrete mix
ratio, addition of admixtures, amount of entrained air, curing method adopted, age of
the concrete, etc.

Furthermore, the study revealed that only concrete produced by fresh cassava
effluent, was able to meet Pitroda and Shah (2014) assertion that, good quality concrete
must not have water absorption rate greater than 5% at 28 days curing age. Concrete
with high water absorption rate is not preferred in building construction. This is
because their high permeability level will encourage the penetration of moisture,
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sulphate ions, chloride ions and other toxic substances that can caused negative
chemical reactions (Alhozaimy et al.,, 1996).

Table 3. Water absorption rate of concrete cubes produced with fresh water, fresh
cassava effluent and old cassava effluent

Sample Water Absorption rate (%)

Curing days

Day 21* Day 28* Day 56*
Control 9.1+2.1 6.2+0.8 4.9+0.9
D1 6.8+1.4 4.3+0.7 3.2+0.8
D7 7.6£1.5 5.4+1.1 4.3+0.9

Values are means + standard deviation, *Average value of triplicate results

Concrete cubes density

The density of the concrete cubes generally increased during curing (Table 4). The study
showed that the increment in the concrete density during curing was generally low;
2.14% increment was recorded in the control concrete cubes, 6.83% was recorded with
concrete incorporated with fresh cassava effluent, and 4.45% was recorded in the
concrete incorporated with old cassava effluent. Concrete cubes produced with fresh
water had the lowest density (2439.44 kg m™), at curing day 56; concrete incorporated
with old cassava effluent recorded density of 2495.28 kg m™ at the 56t curing day; while
concreted incorporated with fresh cassava effluent recorded the highest density
(2568.36 kg m™), at curing day 56. This indicated that cassava effluent has the ability
of influencing the weight and density of concrete, through its’ (cassava effluent) starch
content presented in Table 2. Okafor (2010) and Abd et al (2016), stated that starch
has the ability of influencing the density of concrete, as it can facilitates higher level of
concrete compaction, which will result in increase in concrete density. Similarly, Okafor
(2008) reported that density of concrete generally increases in an increased in the
amount of cassava starch incorporated into the concrete. At 56th curing day, the density
of concrete incorporated with 0% cassava starch was 2542 kg m™3; lower than 2573 kg
m and 2574 kg m3 recorded for concrete incorporated with 3% and 10% cassava starch
respectively.

Table 4. Concrete cubes density

Density (kg m™)
Sample Curing days
Day 7* Day 21* Day 28* Day 56*
Control 2387.28423 2405.17+31 2427.06£31 2439.444+29
D1 2392.93+31 2445.28+36 2517.87+34 2568.36+22
D7 2384.14+22 2411.27+28  2463.42+25 2495.28+25

Values are means + standard deviation, *Average value of triplicate results

Concrete cubes compressive strength

The average compressive strength of the various sets of concrete cubes is presented in
Table 5. The compressive strength development pattern of the concrete cubes during
the curing period was fairly consistent with the recommendations of Reynolds and
Steedman (1999). It was observed that the compressive strength was influenced by the
presence of the cassava effluent, and the age of the effluent. The concrete cubes
produced with fresh cassava effluent had the highest 56 day compressive strength
(29.57 MPa), when compared with the concrete cubes produced with fresh water at 56
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days (27.18 MPa), but displayed a less rapid strength development at the 7th day (14.65
MPa against 16.77 MPa recorded for fresh water). The improved quality of the concrete
produced with the fresh cassava effluent beyond 21 days, can be attributed to the higher
starch concentration and lower acidity (Table 2) of the fresh cassava effluent. Okafor
(2010) reported that cassava starch (flour) acts as a water-reducing admixture in
concrete; thereby increasing the compressive strength, when compared with concrete
produced without the introduction of cassava flour admixture. Furthermore, the
improved compressive strength of the fresh cassava effluent produced concrete, could
be attributed to the better spreading of cement paste within the concrete. This is due to
the adequate starch in the effluent, and a lower water to cement ratio, resulting in the
production of a denser gel (Neville and Brooks, 1987). According to Dias et al (2016),
delays in strength development creates greater opportunity for the hydrated products
to align and re-arrange themselves in the cement matrix, thereby producing a concrete
with a higher compressive strength at the end.

In contrast, the concretes produced with the old cassava effluent had the lowest
compressive strength, ranging from 10.51 MPa to 24.43 MPa. The poor physicochemical
qualities of the old cassava effluent such as; high organic matters, low starch content
and high acidity (Table 2), can be responsible for the poor compressive strength of the
concrete produced with it. According to NIS, water with high organic matters content
(Total dissolved solids) and high acidity, negatively affects the compressive strength of
concretes, produced with it (NIS 554, 2007). In addition, Olusola and Opeyemi (2012)
reported that high concentrations nitric acid, negatively affected the compressive
strengths of concrete. A similar observation was made by Purnomo et al. (2019), where
higher concentrations of citric acid reduced the compressive strength of the concrete
bricks produced. According to Purnomo et al (2019) concrete bricks produced with
0.15% citric acid (per wt. of cement) had a compressive strength of 46 MPa , at 28 curing
days; while concrete bricks produced with 0.45% citric acid (per wt. of cement)developed
a compressive strength of 29.70 MPa after 28 curing days. Thereby, the high
concentration of the organic acid (Hydrocyanic acid) in the old cassava effluent (Table
2) will hinder the development of compressive strength of concrete. Adewumi et al
(2016) reported that the 28-day compressive strength of 1:2:4 concrete produced with
cassava effluent was lower (13.5 MPa), compared with the concrete produced with fresh
water (17.6 MPa) at 28 days. The differences in the compressive strength of concretes
made with cassava effluent could be attributed to differences in age of maturity of the
cassava roots, the age and concentration of the cassava effluent, the mix ratio and
mixing methods, the properties of the other concrete constituents, etc.

The results further revealed a generally lower compressive strength of the concrete
cubes produced with the cassava effluent during the first 14 curing days, when
compared with the control concrete. This could be attributed to the slow setting time of
the concrete produced with the cassava effluent. Similar results were reported by
Okafor (2010) and Akpokodje and Uguru (2019). Delays in the setting time of concrete
encourages the complete hydration of the cement; thereby, producing concrete with
better qualities. This is beneficial in the hot tropical climates where normal setting time
of concrete is reduced by higher ambient temperatures (Neville, 2006). According to
FAO, cassava root processing produces large volume of effluent, which contains high
concentration of organic compounds. Some of these compounds are not ecofriendly if not
treated before they are discharged into the environment (FAO, 2001). Therefore, this
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study will help in mitigating the harmful effects of the cassava effluent, since it can be
utilized in the concrete production industry.

Table 5: Compressive strength of concrete cubes

Compressive strength (MPa)
Sample Curing days
Day 7* Day 14* Day 21* Day 28* Day 56*
Control 16.77+2.3 22.28+1.7 25.92+1.2 26.54+1.3 27.18+2.1
CE-D1 14.63+2.1 19.83+1.5 27.31+1.4 28.69+1.9 29.57£1.7
CE-D7 10.51+1.7 14.66+1.6 22.09+1.8 24.11+2.2 24.43+1.5

Values are means + standard deviation, *Average value of four results

CONCLUSION

This study looks into the utilization of cassava effluent as an admixture in concrete
production. Mechanical properties of concrete cubes produced with cassava effluent,
were tested in compliance with ASTM International standards. Based on the results,
the density of the concrete increased marginally, by the addition of cassava effluent to
the concrete; while the cassava effluent greatly reduced the water absorption rate of the
concrete. In addition, the study revealed that the compressive strength of the concrete
cubes was greatly influenced by the age and quantity of the cassava effluent, used for
the production of the concrete. The highest compressive strength (29.57 MPa), was
recorded in the concrete incorporated with fresh cassava effluent at day 56 of curing.
While the concrete produced incorporating old cassava effluent recorded the lowest
compressive strength (24.43 MPa), at day 56. This showed that fresh cassava effluent
could serve as an organic admixture in concrete production, due to its’ high starch
content, which is able to retard the concrete setting time and increased its compressive
strength in the process. The study will help in mitigating the harmful effects of the
cassava effluent in the environment, since it can be adequately utilized in the concrete
production industry.
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ABSTRACT

A motorized, manual fed cassava root chipping machine was
deyelopgd, evaluated and opt.irnized. The objective of the resegrch 1s RESEARCH ARTICLE
to investigate the effect of moisture content and speed on the chipping
sizes, efficiency, throughput and machine capacities. Obtained results | Received: 23.06.2020
showed that the cassava initial moisture content significantly affected | Accepted: 15.08.2020
the chipping size, machine capacity, throughput capacity and
chipping efficiency within the tested moisture content range of 52 to
68% w.b. The machine speed also affected the chipping size, chipping
efficiency, machine and throughput capacity. The average chipping
size for the cassava chips at the four ranges of moisture content,
speeds and constant feed rate of 89+26.6 kg h'! ranged from 0.56 to
0.96 cm with optimum thickness 0.618 at 450 rpm and moisture
content of 65.27% based on desirability factor. The average chipping :
efficiency ranged from 60 to 90% with an optimum value of 79.57% at evaluation,

533 rpm and moisture content of 68 % while the throughput capacities | » Cassava shredding
of the machine ranged from 49 to118 kg/h with optimum value of 118
kg/h at a speed of 600 rpm and 68% moisture content.
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INTRODUCTION

Cassava (Manihot esculanta Crantz,) is a perennial plant that belongs to the family of
Euphorbiaceae. Cassava root is regarded as a vital source of food energy in Nigerian
dietary, given its distinct role in easing food scarcity due to its regular obtainability all
through the year, appropriateness to the farming technique of Nigerian farmers (Ajibola
et al, 2007). The advent of cassava in Nigeria was traced to the returning of slaves from
South America (Ikugbayigbe, 2012). It grows well in tropical climate and Nigeria is
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considered a major producer of cassava in the globe (FAO, 2006). It produces good yield
even in poor soil and the ability to stay in the soil for long-duration post maturity makes
it a veritable part of food security crops for low-income countries. Cassava has become
a major cash crop, food, and an industrial raw material for making of starch, alcohol,
pharmaceuticals and confectioneries (Francisco, 2004). Cassava forms a base for a wide
variety of fermented foods in the most emergent country and serves as an unprocessed
substance in the manufacture of processed foods, animal feed and industrial products
(Igboayaka et al, 2018). It can be consumed by means of garri, tapioca chips, flour,
fermented pastes, starch, etc. (Anuebunwa et al, 2008). Therefore, it has formed a
major part of the staple food and major source of carbohydrates in most tropical
countries competing with other tubers like yam (Balagopalan et aZ, 2008).

Cassava deteriorates fast and must be processed to other forms if it must be stored
(Silayo et al, 2007). Thus, there is a need for rapid processing of the tubers into a more
shelf-stable form (IITA, 2011). Nigeria currently is the largest producer of cassava in
the world (Ndunguru et al, 2009). Processing the roots into dried chips reduces the
moisture content to a very low level and reduces postharvest losses Ndukwu et al,
2018). In a country like Nigeria, separately from undeviating processing at the local
level and utilization, animal feed, the verdict of the Federal Government for the addition
of cassava flour of about 10% in bakery and cassava chips send abroad mission,
improved the stipulate for cassava manufacture. In a continent like Asia, more than
40% of cassava is for undeviating human utilization, with greatly of the remnants
distributed via export as chips. In India, scorched roots are transformed into small chips
and flour. In a country like Indonesia, 57% production of cassava is for human
utilization whereas 43% are consumed cooked or handled into dried chips before
consumption (IITA, 2011). Cassava processing into chips aids in the rapid drying of the
crops lowers its bulk density and eases its packaging, transportation and export. Some
designs of cassava chippers have been presented in literature (Adejumo et al, 2001;
Adewumi et al, 2005; Bolaji et al, 2008; Ndunguru et al, 2009; Ndukwu et al, 2019a);
however, there is a scarcity of information on optimum operational parameters for the
machine capacities and thickness of cassava chips produced under the operating
conditions. The diminutive shelf-life and cumbersomeness of cassava roots pose a major
challenge when it is transported from the field to the market or industrial locations due
to its extremely perishable nature. Processing of cassava into chips by manual methods
like the application of a knife involves high labour input and also results in low product
quality. To surmount this bottleneck in the sales and consumption of cassava products,
as well as to circumvent huge loss after harvest, it is paramount to convert the fed
(roots) to dry products (garri, tapioca, etc.) which are characterized with enhanced
storage duration. The easiest and ever frequent means of treating cassava is the
alteration of the roots to dry chips. Processing of cassava into chips by manual approach
which entails the practice of the knife is labour-demanding with lots of human drudgery
involved; but the appliance of enhanced processing knowledge (skill) has a drastically
abridged processing period and labour and boosts advance production. This work,
therefore, focuses on the development of cassava chipper, determining the effects of
moisture and chipping speed on machine operating parameters; and optimizing the
process parameters of the cassava chipper using response surface optimization tools.
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MATERIAL and METHODS
Design and Features of the Cassava Chipping Machine

For effective operation, the manually operated cassava root chipper will consist
basically of the following components: chipping blade, feeding chute, shaft, pulleys, ball
bearing, mainframe, power unit and outlet chute. The choice of the component parts
used in building the cassava chipping equipment was founded on the obtainability,
strength, suitability, characteristics and economic considerations. Therefore, the
machine design considerations are as follow:
1.  Compactness and simplicity of use.
1.  Corrosion inhibition ability of the chipping parts of the machine as a result
of the toxic and moisture laden characteristics of cassava roots.

11i.  The magnitude of requisite force for slicing of cassava roots.

1iv.  Shape and size regularities of the cassava chips.

The shaft diameter (30mm), pulley size (D1, 0.18m), belt length (0.98 m) and center
distance (0.3 m), belt wrap (168°) and contact angle (12°), tensions on the belt (208 and
14 N), speed ratio (1:3) and power transmitted (1.1 kW) were determine from the
generic equations presented in Khurmi and Gupta (2005) and Ndukwu and
Onyenwigwe (2013). The load arrangements of the chipping machine are shown in
Figure 1. The free body diagram shown in Figure (number 1) is the representation of
the vertical forces acting on the shaft. To obtain the reactions at each bearing, moment
1s taken about the two expected bearing points independently. The total reaction on the
bearing is given as follows

Re+Rc=Wuw + W

Where; Rs = Reaction on bearing B, Rc = Reaction on bearing C, We, = Weight of cutting
blade (3.92 N), W, = Weight of pulley (10.79N).Taking moment about point B;

>Me=0

Therefore, resolving the forces
170 Rc + 70 W, -230 W =0
Rc was calculated as 12.98 N.

Also taking moment about point C

YMc=0
170RB - 240Wa, + 60W, =0
Re was calculated as 1.73 N
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Figure 1. Load arrangement for the developed cassava tuber chipping machine (1) shaft,
bearing, cutting blade and pulley assembly (2) Shear force (S.F) and bending moment
(B.M) diagram (3) Moment about the bearing points.

Material Selection

The material used for the fabrication of the components of the cassava chipper and the
cost of the materials is presented in Tables 1 and 2. The total cost of fabricating the
cassava chipper is about $ 82.00.

Table 1. Material selected for fabrication.

S/N Component Selected materials

1 Feeding chute Mild steel sheet (16 gauge).
2 Pulley Chilled cast iron

3 Chipping blade Stainless steel

4 Shaft Alloy steel rod (025mm)

5 Outlet chute Mild steel sheet (16 gauge)
6 V-belt (A43) Leather

Table 2. Materials and costs (6/2/2019).

. . Unit Price Amount

S/N Materials Quantity ) )
1 16-gauge mild steel metal sheet % full sheet 25.00 12.50
2 Shaft rod (625mm) 1 2.78 2.78
3 Electrodes 1 packet 3.33 3.33
4 Bearings (§25mm) 2 1.39 2.78
5 Pulley 2 2.78 5.56
6 V-belt (A43) 1 1.39 1.39
7 Angular mild steel 1 length 5.56 5.56
8 Fasteners % dozen 0.83 0.83
9 Variable speed motor (5.5 HP/kW) 1 25.00 25

10 Paint 1 can 2.78 2.78
11 Labour 20.00

Total

82.00
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Description and Principle of Operation of a Cassava Chipping Machine

Figure 2 shows the picture of the cassava chipping machine. It consists of a cuboid-
shaped enclosed hopper with a feeding chute by the side. The feeding chute is provided
by a guide by the sides. The feeding chute is designed to permit horizontal movement of
tuber against the vertical rotary motion of the chipping blade for effective chipping. The
cassava tuber is fed by the hand into the chipping chamber, where the rotating stainless
chipping blade chips the cassava radially. The blade is powered by the 5.5 HP internal
combustion petrol engine through the shaft, pulley and v-belt connections. The chipped
cassava leaves the chipping chamber through the outlet chute where it is collected in a
bag, tray or open basin. The entire components are housed in a frame made of angular
iron. The designed machine requires one operator at a time due to its simplicity in
design.

_]Ibbper T
Shaft for the cutting blade ~
- e e TaTE S
: Bearing assembley =
T e X e, eet

g Driving

o | E L ol T S

Figure 2. The picture of the cassava chipping machine

Performance Evaluation

The machine capacity, chipping efficiency, throughput capacity and feeding rate were
computed using the following Equations (1) — (4) Ndukwu and Asoegwu, 2010; Ndukwu
and Asoegwu, 2011; Akintunde and Akintunde, 2001 Igboayaka et al, 2018):

Machine Capacity (M.) = W?f (1)

Chipping Efficiency (I1) = % X 100% 2)
p

Throughput capacity (TC) = % (3

Feeding Rate = % (4)
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Where: W, = weight of peeled cassava tubers (kg), Wy= weight of fine or normal chipped
cassava (kg), T = total time taking during the chipping operation (h), t = the feeding
time (h).

Experimental Evaluation Procedure
The developed cassava chipping machine was tested to appraise its performance based
on chipping efficiency, throughput capacity, feeding rate and machine capacity. Freshly
harvested cassava roots (NICASS 25) were peeled by manual means, washed and
weighed using a weighing balance scale (NBT-A200, NANBEI,) with a sensitivity of
0.01 g (Ndukwu et al, 2019b). The chipping machine was powered with a 5.5 HP
internal combustion (petrol) engine (model GX160). The variable speed for the
evaluation was obtained by adjusting the choke of the internal combustion engine and
the corresponding speed measured with a tachometer (RL-HMO026A, Contempo views).
The various speeds of operations were measured, marked and recorded as 600, 550,
500, and 450 rpm, respectively. The chipping operation was performed at four different
moisture contents of 68, 63, 58 and 52% wet basis, obtained by harvesting on a different
day and sun drying. Preliminary evaluation of the chips showed with hand feeding of
the cassava, the feeding rate was determined as 89+26.6 kg h''. The moisture content of
the cassava roots was determined with a digital pin-type moisture meter. For each
experiment, 2 kg of cassava root was weighed and manually hand-fed into the chipping
chamber. The time of feeding and the total time of chipping was recorded respectively.
Completely chipped, unchipped and chipped and damaged cassava was also separated,
and their weight recorded. Thickness of completely chipped and undamaged chips were
measured with a Veneer caliper (Axminster) and their means was recorded for analysis.

Data Analysis and Optimization

A 4-factor, 4-level experimental design was formulated to test the level of variation of
obtained results. One-way ANOVA without repetition was used to test the level of
significance amongst the mean at 95% (0.05) of obtained data using 2013 Microsoft
Excel Software. Optimization was based on the desirability factor by minimizing the
speed and keeping the moisture content in the range using response surface tools of
Design Expert 12 software (Ndukwu et a/, 2019a; Nwakuba et al, 2020; Uzoma et al.,
2020). The results were further analyzed with Restricted Maximum Likelihood (REML)
analysis Kenward-Roger p-values and coefficient of determination and the significant
level was at 5%.

RESULTS and DISCUSSION

Influence of Speed and Moisture Content on Chipping Size of Cassava Chips

Figure 3 demonstrates the consequence of machine speed on the chipped sizes of cassava
chips. Interpreting the figure shows the colours of the mesh moves from red to yellow,
green and blue which also indicates the decreasing order of values (Ndukwu et al,
2019a). Therefore, the figure showed that at a higher speed, the sizes of cassava chips
tend to reduce in thickness due to the high revolution of the cutting blade. When the
speed is low, the size of chips tends to increase in thickness. There is the tendency of
repeated chipping of already chipped cassava at high speed before it leaves the chipping
chamber unlike at lower speed which might have resulted in lower chip thickness at a
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higher speed. The average chipping size for the cassava at the four ranges of moisture
ranged from 0.70 to 0.96 cm for chipping at 450 rpm, 0.57 to 0.86 cm for 500 rpm, 0.59
to 0.86 for 550 rpm and 0.56 to 0.80 for 600 rpm. Analysis of variance based on two
factors without replication in Table 3 shows that speed has a significant (P < 0.05) effect
on the chipping thickness of the chips. The implication is based on the utilization of the
chips, increasing the speed will produce chips of smaller thickness while reducing the
speed will increase the chip sizes.

Chipping Thickness
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Figure 3. Influence of machine speed and moisture content on the chipped thickness of
cassava chips.

Table 3. REML analysis Kenward-Roger p-values table for the interaction of chipping
size at different moisture contents and chipping speeds.

Source Term Df Df F-value DP-value
Whole-plot 2 2.03 3.60 0.2145ns
M-Moisture content 1 1.94 18.15 0.0536
M? 1 2.08 17.67 0.0489*
Subplot 3 6.64 2.37 0.1613ns
V-Speed 1 6.33 6.18 0.0454*
MV 1 6.33 0.7328 0.4232
V2 1 7.30 0.1334 0.7253

* = significant, ns = not significant

Figure 3 also shows the effect of moisture content on the chipped sizes of cassava
chips. The Figure showed that chip thickness was almost similar at a moisture content
of 61-64% but increased at 52%. This shows the higher force require to chip at 52% and
which might lead to irregular cutting of the cassava at lower moisture content. The
average chipping size for the cassava at the four ranges of speed ranged from 0.6 to 0.7
cm for chipping at 68%, 0.6 to 0.64 cm for 64%, and 0.57 to 0.62 cm for 61% and 0.8 to
0.96 cm for 52%. Analysis of variance based on two factors without replication in Table
3 illustrates that moisture content has a substantial effect (P<0.05) on the chipping
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thickness of the chips. The response surface optimization of the chipping thickness
based on the desirability factor gave an optimum chipping thickness of 0.618 at 450 rpm
and moisture content of 65.27%.

Influence of Speed and Moisture Content on Chipping Efficiency

Figure 4 expresses the result of machine speed on the chipping efficiency of the cassava
chipping equipment. The figure showed that the chipping efficiency increased as the
chipping speed increases but reached its maximum value at 550 rpm before decreasing.
Research has shown that the impact force is proportional to rotating speed (Ndukwu et
al, 2019a). Therefore, as the speed increases, the force of chipping increases. However
due to the higher force, there is the tendency of an increase in the speed of the chips as
it 1s chipped off from the cassava which might result in damaging the chips as they
strike the inner walls of the chipping chamber. This might be the result of decreased
efficiency obtained in 600 rpm as less mass of properly chipped cassava will be
recovered, thus decreasing the efficiency. Also repeated chipping of already chipped
cassava at a very high speed may damage the chips. The average chipping efficiency for
the cassava at the four ranges of moisture ranged from 60 to 85% for chipping at 68%
moisture content; 60 to 85% for 63%:; 60 to 90% for 58%, and 60 to 75% for 52%. Analysis
of variance based on two factors without replication (Table 4) shows that speed has a
significant (P<0.05) effect on the chipping efficiency of the chips. The efficiency is also
altered due to the high rate of non-uniform production of cassava chips at a higher
speed.

Chipping Efficiency
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Figure 4. Influence of speed and moisture content on the chipping efficiency of the
cassava chipper at the different moisture contents.
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Table 4. REML Analysis Kenward-Roger P-values table for the interaction of chipping
efficiency at different moisture contents and chipping speeds.

Source Term Df Error Df F-value P-value
Whole-plot 2 5.00 7.48 0.0314*
V-speed 1 5.00 0.6619 0.4529
vz 1 5.00 12.84 0.0158*
Subplot 3 5.00 5.11 0.0554»s
M-moisture content 1 5.00 14.95 0.0118*
VM 1 5.00 0.0103  0.9231
Mz 1 5.00 0.4631 0.5264

*=gignificant " = not significant

Figure 4 also shows the impact of moisture content on the chipping efficiency of the
cassava chipping machine. The figure showed that the chipping efficiency was almost
constant at the same speed for the moisture constants with the exception of chipping at
550 rpm. The average chipping efficiency for the cassava at the four ranges of speed was
60 to 656% for chipping at 450 rpm; 70 to 85% for 500 rpm; 75 to 90% for 550 rpm, and
60 to 65% for 600 rpm. Analysis of variance based on two factors without replication
(Table 4) indicates that moisture content had no substantial effect (P<0.05) on the
chipping efficiency of the system. However, the influence of moisture content and speed
on chipping efficiency () at the optimum value obtained is expressed in Equation (5)
below with an R? value of 0.876

n = 2.29V + 5.23M + 0.005MV — 0.0022V? — 0.037M? — 722.38 (5)

The response surface optimization of the chipping efficiency based on the desirability
factor gave an optimum chipping efficiency of 79.57% at 533 rpm and moisture content
of 68%.

Effect of Speed and Moisture Content on Throughput Capacity and Machine Capacity
Figures 5 and 6 show the effect of speed on the cassava chipping machine throughput
capacity and machine capacity respectively. The throughput capacity is defined as the
ratio of the total weight of cassava fed into the machine to the total time taken to
completely chip the fed cassava while the machine capacity, in this case, is defined as
the weight of properly chipped cassava chips produced to the total time for complete
chipping. Both results showed that the machine capacity and throughput capacity
increased with an increase in speed due to reduced time taken to chip at a higher speed.
The average throughput of the machine at the four ranges of speeds was 49 to 80 kg h-
1 for chipping at 450 rpm; 54 to 91 kg h'! at 500 rpm; 63 to 100 kg h! at 550 rpm; and
80 to 118 kg h'! at 600 rpm. Also, for the machine capacity the average values obtained
were 44 to 64 kg h'! for 450 rpm, 51 to 82 kg h'* at 500 rpm; 63 to 95 kg h't at 550 rpm;
and 76 to 100 kg/h at 600 rpm. The value of machine capacity was in most cases lower
than the throughput capacity because not all the cassava fed into the machine was
properly chipped. However, the lower variation between the two parameters accounted
for higher machine efficiency achieved. Analyses of variance based on two factors
without replication (Table 5 and 6) show machine speed has significant (P<0.05) effect
on both throughput capacity and machine capacity of the chips.
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Figure 5. Impact of speeds and moisture contents on the throughput capacity of the

cassava chipper.

Table 5. REML (Restricted Maximum Likelihood) analysis Kenward-Roger p-values

(R2 = 0.9989)

Source Term Df Error Df F-value P-value
Whole-plot 2 1.96 49.49 0.0210*
V-speed 1 1.95 100.96 0.0106
V2 1 1.97 0.5919 0.5231
Subplot 3 3.02 858.62 <0.0001*
M-moisture content 1 3.06 2506.54 <0.0001
VM 1 3.00 3.81 0.14590s
M? 1 3.00 28.74 0.0127

* . . e . . e
= significant, ® = not significant

Table 6. ANOVA Table for the interaction of machine capacity at different moisture

content and chipping speed.

Summary Count Sum Average Variance
Analysis of variance
Source of Variation SS Df  MS F P-value Fecerit
Rows 2425.25 3 808.4167 68.47765 1.62E-06 3.862548
Columns 1502.25 3 500.75 42.41647 1.23E-05 3.862548
Error 106.25 9 11.80556
Total 4033.75 15

TC = 0.003V? — 0.13V — 3.72M + 0.001MV + 0.046M? + 87.49 6)

The optimization of the above results shows that optimal throughput of 118 kg h!
was obtained at a speed of 600 rpm and 68% moisture content.
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Figure 6. Effect of speed on the machine capacity at different moisture contents.

Figure 7. Effect of moisture content on the machine capacities at different speeds.

CONCLUSION

A motorized cassava tuber chipping machine has been designed, constructed and tested.
The cassava initial moisture content affected the chipping size, machine capacity and
throughput capacity and chipping efficiency within the tested moisture content. The
machine speed affected the chipping size, chipping efficiency, machine and throughput
capacity. The average chipping size for the cassava chips at the four ranges of moisture
content, speeds and constant feed rate of 89 + 26.6 kg h'! ranged from 0.56 to 0.96 cm.
The average chipping efficiency ranged from 60 to 90% while the throughput capacities
of the machine ranged from 49 to118 kg h'!. Also, for the machine capacity the average
values obtained were 44 to 100 kg hl. Optimum equations obtained for chipping
efficiency and throughput capacity can be applied in the evaluation of similar machine.
Low cost of the machine makes the machine affordable for farmers in Africa with low
income per capita.
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OZET

Bu calismada, Amasya cesidi elma kiiplerinin sodyum aljinat (SA) ve

stevia kombinasyonlar1 (SAS) iceren cozeltiler ile kaplanmasi ve )
modifiye atmosferde (MAP) depolanmasi sonucu meydana gelen baza | ARASTIRMA MAKALESI
fiziksel ve kimyasal kalite degisimleri incelenmigtir. Arastirma
sonucunda; 3 gliin depolanan kaplanmig ve kaplanmamig 6rneklerde
(K) agirhk kaybi gozlenmemistir. Solunum hiza  verileri
incelendiginde K, SA ve SAS o6rnekleri i¢in sirasiyla oksijen tiiketimi
82.95; 26.53 ve 230.56 ml kgs'1. (24sa), karbondioksit tiretimi 193.55; . .
25.21 ve 157.00 ml kgs' (24sa) olarak tespit edilmistir. Depolama Anahtar Kelimeler:
baslangicinda titrasyon asitligi degerleri K, SA ve SAS o6rnekleri i¢in

Alinig tarihi: 29.06.2020
Kabul tarihi: 27.08.2020

sirasiyla %0.055, %0.118 ve %0.125 ve meyve sertligi degerleri > Elm?, .
sirasiyla 2.458, 1.665 ve 1.430 N olarak belirlenmigtir. K, SA ve SAS > Raf 6mrd, B
ornekleri i¢in 0.giin/3. giin L* degerleri; 79.84/67.50;77.64/65.65 ve > Sody.um aljinat,
69.46/42.94, a* degerleri, -1.44/4.04;-3.15/3.94 ve -3.04/18.63 ve b* | » Stevia,

» Yenilebilir film

degerleri 16.66/35.85;19.23/54.01 ve 28.01/46.68 olarak olgtilmustiir.
Ayrica, SAnin yapiskanimsi 6zellik katmasi ve stevianin otsu

kokusu ve tadi nedeniyle aljinat ve stevia kombinasyonu film kapli
ornekler duyusal olarak kabul gérmemigtir. Sonug olarak kaplama
uygulamalarinin solunum hizim azalttigi, titrasyon asitligi degerini
arttirdig1 ve doku degerini azalttigi belirlenmistir.

Alint igin: Karagoz S, Demirdéven A (2020). Sodyum Aljinat Kaplama Uygulamalarimim Az Iglem
Gormis Elma Kalitesine Etkileri. Turkish dJournal of Agricultural Engineering Research
(TURKAGER), 1(2): 296-310. https-//doi.org/10.46592/turkager.2020.v01i02.007
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Effects of Sodium Alginate Coatings on Quality of Fresh-Cut- Apples

ABSTRACT

In this study, some physical and chemical quality changes that
occurred as a result of coating Amasya variety apple cubes with
solutions containing sodium alginate (SA) and stevia | RESEARCH ARTICLE
combinations (SAS), and storage in modified atmosphere (MAP)
were investigated. As a result of the research, no weight loss was | Received: 29.06.2020
observed in the coated and uncoated samples (K) stored for 3 Accepted: 27.08.2020
days. When respiratory rate data are analyzed, oxygen
consumption for K, SA and SAS samples has been determined as
82.95, 26.53 and 230.56 ml kgs' (24h) and the carbon dioxide | Keywords:
production was 193.55, 25.21 and 157.00 ml kgs! (24h), >
respectively. Titration acidity values at the beginning of storage » Shelf life,
were determined as 0.055%, 0.1118% and 0,125% for K, SA and » Sodium alginate,

>

>

SAS samples, and fruit hardness values determined as 2.458, Stevia,
1.665 and 1.430 N, respectively. The Oth/3rd day L* values for Edible film
K, SA and SAS samples were measured as 79.84/67.50,
77.64/65.65 and 69.46/42.94, a* values as -1.44/4.04, -3.15/3.94
and -3.04/18.63, and b* values as 16.66/35.85, 19.23/54.01 and
28.01/46.68. Due to the adherent feature of SA and the
herbaceous smell and taste of stevia, coated samples with the
combination of alginate and stevia were not acceptable as
sensory. As a result, it has been determined that coating
applications decrease respiration rate, increase titration acidity
value and decrease hardness value.

To cite: Karagoz S, Demirdoven A (2020). Effects of Sodium Alginate Coatings on Quality of
Fresh-Cut-Apples. Turkish Journal of Agricultural Engineering Research (TURKAGER),
1(2): 296-310. https-//doi.org/10.46592/turkager.2020.v01i02.007

GIRIS
Toplumlarin hazir gidalara olan ilgisi; kadinlarin ¢alisma hayatina baglamasi,
insanlarin trafikte fazla zaman gecirmesi, is hayatindaki yogun tempo gibi
nedenlerden dolay1 giderek artmaktadir. Bu nedenle gida sektoriindeki bir¢ok
firma ve bilim insanlar1 c¢aligmalarini tiketimi hazir olan gidalara
yonlendirmistir. Bu yonelim dogrultusunda yapilan calismalar 6zellikle bazi
meyve ve sebzelerin parcalanmasi/kesilmesi isleminde polifenol oksidaz
enziminin fenolik bilesiklerle temasi sonrasinda meydana gelen enzimatik
esmerlesme lzerine yapilmaktadir. Olusan bu problemin ¢6ziillmesinde; 1sil
islem uygulamalar: (haslama, pastérizasyon, ohmik 1sitma vb.), enzimatik
esmerlesme karsit1i kimyasal ajanlarin kullanimi (antioksidanlar), isinlama
uygulamalari ve cesitli alternatif yontemler (mikrodalga, vurgulu elektrik alan,
yiiksek basic uygulamasi vb) kullanilmaktadir. Ancak bu uygulamalarin ¢ogu
taze meyvelerde dokusal zarar olusturdugu icin kullanilamamaktadir (Yilmaz ve
Elmaci, 2018; Karagoz, 2018).

Yenilebilir filmlerin kullanimi ile bu noktada bircok avantaj elde edilmektedir.
Yenilebilir filmler meyveyi digsaridan bir film gibi sararak meyvenin oksijen ile temasini
kesmekte ve polifenol oksidaz enziminin faaliyetini yavaglatmaktadir. Bununla birlikte
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formilasyona eklenen antioksidan ajanin meyveye diftize olmasimi yavaglatmakta ve
daha uzun bir sture oksijene karsi koruma saglamaktadir. Ancak her film ya da
formiilasyon her Uriin i¢in aym 6zellik gostermemektedir. Bu nedenle arastirmacilar
tarafindan farkli formilasyonlarda ve farkli meyveler icin kaplama caligmalar:
yapilmaktadir. Bu noktada avantajli olacagi diistiniilen sodyuma aljinat yenilebilir film
olarak calismada tercih edilmistir (Karagoz, 2018).

Bir polisakkarit olan sodyum aljinat, iyi koloidal 6zellikleri ve sulu ¢ozeltilerde gii¢li
jel olusturabilme kabiliyeti nedeniyle basta gida, ila¢ ve kozmetik endiistrisi olmak
iizere bircok alanda degerlendirilmeye baslanmistir (Chen ve ark., 2016). Sodyum
aljinatlar sert molekiiler zincir ve iyi bir film olusturabilme o6zelligine sahiptir
(Siddaramaiah ve ark., 2008). Bu nedenle et, balik ve meyvelerin dehidrasyonunu
simirlamak i¢gin yenilebilir film olarak veya kapsiilleme ajam1 olarak da
kullanilabilmektedir (Pop ve ark., 2015). Ote yandan toksik olmamasi, biyobozunur,
biyouyumlu ve diigiik maliyetli olmas1 nedeniyle film tretiminde 6nemli bir bilegsen
olarak goriilmektedir (Tavassoli-Kafrani ve ark., 2016).

Sodyum aljinat bazli filmler kavun, papaya ve az iglem gérmiis elmalarda dokuyu
gelistirmekte, su kaybini azaltmakta, fizikokimyasal, mikrobiyolojik ve antioksidan
ozellikleri korumaktadir (Olivas ve ark., 2007; Oms-Oliu ve ark., 2008a; Tapia ve ark.,
2008). Sodyum aljinat bazl filmler antioksidan, antimikrobiyal renklendiriciler gibi
cesitli katki maddelerin tasiyicisi da olabilmektedir (Rossle ve ark., 2011). Bundan yola
c¢ikarak bu calismada sodyum aljinat ¢6zeltisine antioksidan 6zelligi nedeniyle askorbik
asit ilave edilmistir. Ayrica bircok calismada tatlandirici, antioksidan ve antimikrobiyal
vb. 6zellik gosterdigi belirtilen stevia bitkisi kullanilmagtir.

Stevia rebaundiana bitkisi Gliney Amerika orijinli ekstraktlar: kalorisiz, dogal bir
tatlandirici olarak yillardir Japonya, Cin, Kore ve Brezilya basta olmak tizere bircok
iilkede kullanilmaktadir (Gantait ve ark., 2015). Stevia rebaundiana, antimikrobiyal ve
antioksidan 6zelliklere sahip olan fenolik bilesikleri, C vitaminini, karotenoidler ve
klorofilleri yiiksek miktarda icermektedir (Barba ve ark., 2015).

Bu c¢alisgmanin diger bircok calismadan farki taze kesilmis Amasya cesidi elmalara
uygulanmasiyla birlikte, kaplanmigs elmalarin modifiye atmosfer kogullarinda
depolanmasidir. Amasya elma cesidi diger elma cesitlerine gore cok daha fazla
enzimatik esmerlesme gostermektedir. Bu elma ¢esidindeki enzimatik esmerlesmenin
durdurulmasi ile soydum aljinat yenilebilir filminin diger elma cesitlerinde de
kullanimi mimkiin olabilecektir. Yenilebilir film ve modifiye atmosferde paketleme
uygulamalarinin birlikte kullanilmasi lizerine yapilan ¢alismalar sinirlidir. Modifiye
atmosferde paketleme; ambalajdaki normal gaz atmosferinin tepe bosluguna verilen
gaz ile optimum kogullara en yakin olacak sekilde degistirildigi ve béylece ambalajh
Urinin raf 6mriinin uzatilmasinin amaclandigi bir metot olarak tanimlanabilmektedir
(Fisekci, 2013, Karagoz, 2018).

Bu calismada az islem gérmiis Amasya cesidi elmanin (Amasya misketi) sodyum
aljinat yenilebilir filmi ve stevia igeren kombinasyonlar: ile kaplanmasi ve bunlarin
pasif modifiye atmosferde paketleme (MAP) kosullarinda depolanmasi ile meydana
gelen bazi kalite degisimlerinin belirlenmesi amaglanmigtir.
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MATERYAL ve YONTEM

Materyal: Calismada Amasya c¢esidi elma kullanilmistir. Kaplama ¢6zeltisinin
olusturulmasinda materyal olarak orta viskoziteli sodyum aljinat (2.000 cp, %2, Sigma),
gliserol (Sigma-Aldrich, Almanya), askorbik asit (1.65 g/cm?, E300, Tito, Cin) ve yerel
bir aktardan temin edilen (Tokat, Tiirkiye) kurutulmus stevia yapraklar
kullanilmistir. MAP uygulamasi i¢in polipropilen (PP-30 um) ambalaj materyali tercih
edilmigtir.

Sodyum aljinat ve sodyum aljinat—stevia film formiilasyonu: Sodyum aljinat iceren
kaplama c¢ozeltisi iiretimi icin %1.25 (a/h) sodyum aljinat kullamilmistir. Ayrica %10
(h/h) gliserol (plastiklestirici) ve %2 askorbik asit (antioksidan ajan) ilave edilmistir
(kaplama ¢ézeltisinin hazirlanmasina ait deyath bilgi Karagoz (2018)’den bu oranlar 6n
denmelerle belirlenmistir.). Hazirlanan ¢ézelti bir saat boyunca 45 °C’de homojenize
edilmis, ultrasonik banyoya (Elmasonic S 100 (H), Elma, Almanya) konularak 30
dakika boyunca kaplama c¢ozeltisi i¢gindeki O2 miktarini azaltmak amaciyla degaz
islemine tabi tutulmustur (Chiabrando ve Giacalone, 2016). SAS kaplama co6zeltisi
Uretimi i¢in ise yukarida belirtilen oranlara ek olarak konsantrasyonu %2.5 olacak
sekilde stevia oziitii eklenmistir. Oziit, 8.33 g Stevia rebaudiana kuru yapraklar
tuzerine 100 °C ’deki 100 ml saf suyun eklenmesi ve 30 dakika bekletilmesi ile elde
edilmistir. Bu oran daha o6nce yapilan ¢alismalarda en iyl antimikrobiyal etkiyi
gostermesi nedeniyle secilmistir (Carbonell-Capella ve ark., 2015).

Yenilebilir filmlerin elma dilimlerine uygulanmasi: Elmalar islem 6ncesi musluk suyu
ile yikanmis, kurulanmis ve kiip (1.8x1.8x1.8 cm3) seklinde kesilmistir. Ardindan
elmalar enzimatik esmerlesme gostermeden hizli bir sekilde kaplama c¢ozeltisine
daldirilmis (oda sicaklign) ve 30 dakika bekletilmistir. Cézeltiden cikarilan elmalar 20
dakika delikli levha tizerinde siiziilmiis ve 120 dakika oda sartlarindaki etiivde (25+2
°C, Memmert 100-800, Schwabach, Germany) kurutulmustur. Sonrasinda pasif MAP
kogullarini saglamak icin, kaplanmamis ve kaplanmigs elmalar uygun boyutlarda
(20x30 cm?) ambalaj (PP) icerisine yerlestirilerek 1sil yapistirici ile kapatilmig
(Packtech, impulse sealer FS 400 for PP/PE), 3 giin siireyle pasif MAP kosullarinda
(baslangic gaz komposizyonu: %21 O2, %0.03 CO: ve diger gazlar) 1+1 °C’de %80-90
bagil nemde depolanmigtir (Capri, CSS 501, 1.38 m3 +2, Tiirkiye).

Analiz Yontemleri

Solunum hiz1: Gaz 6lgiimleri Gaspace 2 marka (Ingiltere) gaz analizatéri kullamlarak
yapilmigtir. Kontrol 6rnegi ve kaplanmis 6rneklerden 1’er kg 6rnek alinarak 5 litrelik
kavanozlara yerlestirilen oOrneklerde 24 saat sonundaki %02 ve %CO:
konsantrasyonlar1 &l¢ilmis ve bu degerler kullanilarak solunum hizlar:
hesaplanmistir (1, 2) (Demirdéven, 2003).

Solunum hizi, ml 0,.kg™t.sa™* = (A — B) * V/100 (1
Solunum hizi, ml CO,.kg™t.sa™t = C*V/100 2

A: Baglangic O2 konsantrasyonu, %; B: Son O2 konsantrasyonu, %; C: Son CO2 konsantrasyonu, %;
V: Kavanozdaki havanin hacmi, ml
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Titrasyon asitligi: Homojenize edilmig 15 g elma 6rnegi, 150 ml’lik erlene konarak tizeri
sicak su ile tamamlanmig, agz1 kapali olarak 2 saat bekletilmigtir. Bekletme sonrasi
filtreden gecirilmistir. Hazirlanan 6rnek, seyreltme faktori dikkate alinarak % malik
asit (g/100 g meyve) cinsinden hesaplanmistir (Stevens ve ark., 1979).

Agirhik kayb1 (%): Agirlik kaybi elmalarin baglangic ve raf émrii sonundaki tartimlar:
yapilarak % olarak ifade edilmistir (Tokatl, 2016).

Doku degeri: Elmalar dikey boyutundan 10 mm delmek i¢in gereken maksimum kuvvet
Newton cinsinden 6l¢tilerek belirlenmigtir. Olciimde, 10 mm capinda paslanmaz celik
bashga sahip Zwick Z 0.5 (USA) model test cihazi kullanilmistir (Anonim, 2002).

Meyve eti rengi degisimleri: Elmalarda meyve eti rengi meyve kabugu igermeyen
yiizeyde, Minolta renk 6l¢ciim cihazi (Chroma meter, CR-300, Japonya) beyaz ve siyah
standart bir plakada kalibre edildikten sonra, Hunter CIE Lab renk ol¢iim
parametreleri ile L* (parlakhk), a* (kirmizi/yesil), b* (sar/mavi) degerleri elma
tizerinde iic¢ farkli noktada élgiilerek belirlenmistir (Anonim, 1991).

L* parlakhk/aydinlik degeri 0’a yaklastikca koyu (siyah), 100’e yaklastikca acik
(beyaz); a*degeri + ise kirmizi, - ise yesil; b* degeri + ise sari, - ise mavi koordinatlarini
gostermektedir (Anonim, 1996). Ayrica kirmizilik ve sarilik degerlerini birlikte ele alan
ve metrik renk kromasi olarak tanimlanan AC degeri, rengin doygunlugunu (yogunluk)
gostermekte ve canli renklerde yiiksek, donuk renklerde diigiik goérilmektedir. Renk
tonu 6lciisii olan Hue acis1 (a) degeri bir renk dairesi olarak tanimlanmakta ve kirmiz,
sar1, yesil ve mavi renkleri 0°, 90°, 180° ve 270° acilarda konumlanmaktadir (McGuire,
1992; Luo, 2006; Izli ve Polat, 2016). AE degeri ise toplam renk degisimini ifade
etmektedir.

Analiz sonrasi belirlenen L*, a* ve b* degerleri kullanilarak AE, AC ve Hue acis1
degerleri hesaplanmistir (3, 4, 5) (hesaplamalar icin kontrol 6rneginin 0. giin L*, a* ve
b* degerleri dikkate alinmistir).

AE = [(L* _ Lref*)z + (a* _ aref*)z + (b* _ bref*)z]l/z (3)
AC = [(8" = arer)? + (" = byer)?]2 @
Hue acis1 = tan~1(b*/a*) )

Duyusal analiz: Ornekler tatlilik, eksilik, elma aromasi, gevreklik, sertlik ve kabul
edilebilirlik agisindan degerlendirilmistir. Duyusal analiz, 9 panelist tarafindan her bir
ozellik icin 0-5 puan lzerinden grafik skala kullamilarak yapilmistir. S6z konusu
skalada panelist tarafindan igaretlenen bolimiin ortalama degerleri baz alinmigtir
(Altug ve Elmaci, 2005).

Istatistiksel analiz: Istatistiksel degerlendirmeler SPSS 16 paket programi
kullanilarak yurutilmustir. Uygulamaya ait farkhliklar, 6rnek gruplar: ile depolama
sliresi-ornek gruplar1 interaksiyonlari ait karsilastirmalar, iligkili 6rneklemeler igin
“tek faktor Anova (One-Way Anova for Repeated Measures)” analizine gore
degerlendirilmistir. Ortalama degerler %95 gliven duzeyinde “Tukey” c¢oklu
karsilastirma testi ile karsilagtirilmistir (Tokatli, 2016).
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BULGULAR ve TARTISMA

Solunum hizi

Orneklerin solunum hizlarina ait veriler Sekil 1’de verilmigtir. Ornekler arasindaki
oksijen tiiketimi en fazla SAS 6rneginde ve karbondioksit liretimi en fazla K 6rneginde
goriilmistiir (P<0.05). U¢ grubun 24 saat sonundaki O: tiketimi K, SA, SAS i¢in
sirasiyla; 82.95, 26.53, 230.56 ml kgh'! (24h), CO: iiretimi K, SA, SAS icin sirasiyla;
193.55, 25.2 ve 157 ml kgh'! (24h) olarak bulgulanmistir. Verilerde goriildiigii iizere
sodyum aljinat film c¢ozeltisi ve stevia iceren kombinasyonlari solunum hizim
azaltmistir. Karagoz ve Demirdoven (2019) kitosan ve stevia kombinasyonlarinin taze
kesilmis Amasya elmasi lizerinde yaptig1 calismada da benzer sonuclar elde etmistir.
Ancak her iki ¢alisma degerlendirildiginde stevianin farkl film bilesenleri icin farkl
tepkimeler gosterdigi anlasilmaktadir. Stevia, kitosan ile kullanildiginda solunum
hizin1 daha da yavasglatirken sodyum aljinat ile kullanildiginda sodyum aljinata gore
solunum hizin arttirmistir.

BEK SA = SAS

250,00

230,56

200,00

150,00

100,00

0,-CO; solunum hzi (ml’Kg.s.(24sa))

50,00

26,53 25,21

0,00
02 coz

Sekil 1. Orneklerinin solunum hiz1 degerleri K (Kontrol), SA (Sodyum aljinat), SAS
(Sodyum aljinat-stevia)

Figure 1. Raspiration rates of samples; C (Control), SA (Sodium alginate), SAS (Sodium
alginate-stevia)

Bir tGriiniin solunum hizi, birim agirligin birim zaman i¢inde solunum sonucu urettigi
COz veya solunumda kullandig1 O2’in miktaridir. Bu nedenle solunum hiz ile triiniin
metabolizma hiz1 anlasilabilmektedir (Batu ve Demirdéven, 2010). Meyve ve sebzelerin
solunum hizlar ile raf 6miurleri arasindaki iligki esas alindiginda, bir tirtiniin solunum
hiz1 ne kadar yiiksekse depolanma émrii de o kadar kisalmaktadir (Cemeroglu ve ark.,
2001). Bununla birlikte yenilebilir kaplamalar oksijen, karbondioksit, nem ve kati
maddelerin hareketine karsi yari gegirgen bir yapi1 saglayarak, solunum hizini, su
kaybin ve oksidatif reaksiyonlar: azaltmaktadirlar (Baldwin ve ark., 1995; Perez-Gago
ve ark., 2010; Oz ve Siifer, 2012). Bu calismada gaz 6l¢iimii verilerinde gérildagii tizere,
film kaplama solunum hizini etkilemis olup stevia, karbondioksit tiretim hizini sodyum
aljinat kaplamaya gore arttirmistir. Bununla ilgili olarak yapilan bir bagka ¢alismada,
Ficus hirta meyve ekstrakti iceren ve igermeyen %1.5 SA yenilebilir kaplamalar ile
Nanfeng mandalinalarin1 kaplamiglardir. Arastirmacilar Ficus hirta+SA kaph
orneklerin solunum hizinmi kontrol érnegine gore cok daha diisiik bulmustur (Chen ve
ark., 2016).
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Titrasyon Asitligi

Sodyum aljinat ve sodyum aljinat+stevia kapli 6rneklerin titrasyon asitligi degerleri kontrol
ornegi degerlerine gore yiiksek bulunmustur (P<0.05). Bununla ilgili olarak yapilan bir
caligmada tiim ornekler i¢in 14 giinliik depolama siiresi boyunca titrasyon asitliginde bir
miktar diisiis gozlenmistir ve kontrol 6rnegi elma dilimleri genel olarak en yliksek degerlere
sahipken, prebiyotik iceren kaplama ile kapli dilimler en diisiik degerleri gostermistir (Rossle
ve ark., 2011). Ancak bu calismada goriilen farkliligin sodyum aljinat kaplama ¢6zeltisine
eklenen askorbik asitten kaynaklandigi diistiniilmektedir. Ayrica SA 0Ornegi ile SAS
Orneginin arasindaki fark istatistiki olarak dnemli bulunmamistir (P>0.05) (Sekil 2).

Titrasyon asitligi (%)
e & 2
[=] o -
(=)} (2] [=]
(=] [=] [=]

e
o
E
1)

e
=)
o
o

0.000

3

=K 0.055 0.054 0.058 0.050

SA 0.118 0.080 0.100 0.087

=SAS 0.125 0.096 0.110 0.097
Giin

*n=4, (+ 1 standart sapma) T L standard deviation)

Sekil 2. Orneklerin titrasyon asitligi degerleri K (Kontrol), SA (Sodyum aljinat), SAS
(Sodyum aljinat-stevia)

Figure 2. Titration acidity values of samples; C (Control), SA (Sodium alginate), SAS
(Sodium Alginate-stevia)

Meyveler depolama sirasinda solunumlarinda sekerlerin yani sira organik asitlerden
de yararlanabilmektedir ve bu nedenle depolanmis meyvelerde asit miktarinda azalma
goriilebilir (Cemeroglu, 2004). Sadler ve Murphy (1998)'e gére de seker icerigi arttikca,
meyvelerdeki asitler meyvenin olgunlagsmasiyla birlikte azalma egilimi gosterirler.
Bununla birlikte K, SA ve SAS orneklerinin 0.giin/3.giin degerleri sirasiyla
%0.055/0.050; %0.118/0.087; %0.125/0.097 olarak tespit edilmistir. Orneklerin asitlik
degerlerinde depolama sonunda disiis gézlenmistir ve bu disiis istatistiki olarak
onemlidir (P<0.05). Nitekim yapilan bir calismada depolama boyunca tiim iglemlerde
malik asit konsantrasyonu azalmistir ve kontrol 6rnegi ile islem gérmiis elmalar
arasinda énemli bir fark bulunmamistir (Olivas ve ark., 2007). Lidster ve ark., (1979)
ile Porritt ve Lidster (1978)’e gore, 4-6 giin boyunca 38°C'de tutulan elmalarda titrasyon
asitligi acisindan bir diisiis yasanmistir. Boylston ve ark., (1994) depolama siiresinin
uzunlugunun ya da depolama kosullarinin, 'Gala' ¢esidi elmalarin ¢6ziinebilir kuru
madde konsantrasyonlarimi ve titrasyon asitlik derecesini etkilemedigini
belirlemislerdir (Olivas ve ark., 2007).

Agirlik Kaybi

Meyve ve sebzelerin agirligi hasat sonras1 devam eden solunumlarindan 6tiiri ve de
kaybettikleri sudan dolay1 azalmaktadir. Urtinlerin agirhginda meydana gelen
bu azalmalar muhafaza siiresi igerisinde ekonomiye biiyiik zarar vermektedir.
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Bu nedenle meyve ve sebzeler icin belirlenen muhafaza sliresi énemlidir.
Yapilan calismada K, SA ve SAS kaplanan elma o6rneklerinin agirliklarinda
degisim goriilmemistir. Yani, Kays, (1991) tarafindan belirtilen %4-6 olan kritik
limitin altinda belirlenmistir. Benzer durum Karagéz ve Demirdéven (2019),
kitosan ve stevia kombinasyonlarinin taze kesilmis Amasya elmasi lizerinde
yaptigil calismada gorilmistiir. Bu durumun depolama siiresinin kisa olmasina
bagli olabilecegi gibi elma ornekleri icin uygun ozellikte MAP ambalajinin
secime bagl olarak da gerceklestigi diisiiniilmektedir.

Doku Degeri

Film kapli elma dilimlerinin doku degerleri incelendiginde depolama baglangici ve
depolama sonu doku degeri arasindaki fark énemli bulunmamistir (P>0.05). Ancak
kontrol érneginde bir diisiis s6z konusudur (P<0.05) (Sekil 3).

Hem sodyum aljinat, hem de sodyum aljinat-stevia ile kaplanan elmalarda, kaplama
sonrasinda kontrol 6rnegine gore meyve sertliginin azaldig1 belirlenmistir. Giin bazinda
degerlendirildiginde ise depolama baglangicinda kontrol érnegi film kapli 6rneklere
gore daha yiiksek degerler vermistir (P<0.05). Ciinkii taze dogranmis meyvelerde
dokunun bozulmasi ve sertligin kaybolmasi dograma ile metabolik faaliyetlerin
hizlanmasi ile hiicre duvarinin bozulmasi sonucu olugsmaktadir. Sert yapinin
kaybolmasi, pektik enzimlerinin aktivitesi ile ilgilidir. Olgunlasma sirasinda bu
enzimlerin sentezinde artis meydana gelerek meyve dokusunun yumugsamasina neden
olur (Ozdemir, 2015). Bu nedenle taze kesilmis meyve ve sebzelerin paketlenmeden
once enzim faaliyetinin yavaslatilmasi i¢in fazla su ve g¢ozeltilerden uzaklastirilmasi
gerekmektedir. Son Uriinde kalan su ayrica mikroorganizmalarin gelismesine ve
tekstiiriin bozulmasina sebep olabilmektedir (James ve Ngarmsak, 2010). Calismada
kullanilan sodyum aljinat hidrokolloid yapida bir polisakkarittir. Kiip haline getirilmis
elmalarin merkezinden yiizeye dogru hareket eden suyun ylizeyde sodyum aljinat
tarafindan tutularak ve diger giinlerde ambalajin da etkisiyle (nem gecis hizinin az
olmas1) yiizeyde bir su birikintisi olusturdugu, enzim ve mikroorganizma faaliyetlerini
tetikledigi, bunun sonucunda da meyvenin yumusadig1 disinilmektedir.

3.000

Dokudegeri (N)

- - ) )
[=] o 3
(=] (=] o (=]
(=] (=] o (=]

L
i
<)
=)

0.000 5
5K 2,458 1.631 1.911 1.783
SA 1.665 1.513 1.407 1.387
=SAS 1.430 1.407 1.237 1.128
Giin

* n=4, (1L standart sapma) (- standard deviation)
Sekil 3. Orneklere ait doku degerleri; K (Kontrol), SA (Sodyum aljinat), SAS (Sodyum
aljinat-stevia)
Figure 3. Hardness values of samples; C (Control), SA (Sodium alginate), SAS (Sodium
alginate-stevia)
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SA ve SAS ornegindeki degerler genel olarak karsilastirildiginda, SAS 6rnegi daha
distik degerler gostermistir. Buradan anlasilacagi tizere stevia meyve dokusunu
etkilemig, meyve dokusunun direncini sodyum aljinat kaplamaya goére daha da
azaltmigtir. 0.glin/3.glin meyve dokusu degerleri kontrol, sodyum aljinat ve sodyum
aljinat+stevia i¢in sirasiyla 2.46/1.78, 1.67/1.39 ve 1.43/1.13 olarak bulgulanmastir.
Sodyum aljinat filmi meyve sertligini disirmustir. Ancak sodyum aljinat filminin

neden oldugu bu bariz yumugsama CaCl2 ilavesi ile giderilebilir. Rojas Grau ve ark.,
(2007) yaptiklar: bir calismada, kesilmis taze elmalara uygulanan aljinat veya jellan
bazli yenilebilir kaplamalarin, formilasyon igeriginde 0.025 ml aycicegi yag1 / 100 ml
olmasi durumunda, nem kayb1 kontroliinde etkili oldugu belirtilmistir. Boylece,
kaplanmis meyvenin yaga bagl nem tutma 6zelligi ile dokuyu koruyabilmigtir.

Rojas Grau ve ark., (2008), aycicek yagina ek olarak elmalar1 %1 N-asetilsistein+%2
CaCl2 ¢ozeltisine daldirma uygulamiglardir. Calismalarinda elma dilimlerine
uygulanan yenilebilir kaplama kullanimi ile dokunun korunmasi arasinda énemli
farklilik tespit etmislerdir (P<0.05). Tiim depolama siiresi boyunca hem aljinat hem de
jellan kaplama ile elma dilimlerinin sertliklerinin korunmasinda olumlu sonug
aldiklarinmi ifade etmislerdir. Ayrica calismalarinda kaplanmamis elma dilimlerinin
sertliginin, 23 gunlik depolama siiresi boyunca 10.19'dan 5,30 N'a diistiiglini ve
dokularin énemli derecede yumugsama goésterdigini belirtmislerdir. Bununla birlikte
Salvia-Trujillo ve ark. (2015), yenilebilir kaplamalarin, limon otu yag
konsantrasyonun ve de limon otu yagimin parcacik boyutunun, elma dilimlerinin
sertligine 6nemli derecede etki ettigini bildirmistir. Ayrica Maftoonazad ve ark., (2008),
metil seliiloz ve sodyum aljinat kaplamalarinin seftalide doku korunumunda etkili
oldugunu ifade etmislerdir.

Renk Degeri

Kesilmis taze elmalarin esmerlegsmesi temelde meyve dokusunun parlakliginda azalma
(L* degeri) ve aynm1 zamanda Hue acis1 degerinde diisiis anlamina gelen a* (kirmizilik)
degerlerindeki artis ile belirtilmektedir (Soliva-Fortuny ve ark., 2001). Sekil 4’de
gorildiugi lzere depolama siresi sonunda K, SA ve SAS oérneklerinin meyve eti L*
degerinde diisiis, a* ve b* degerinde ise artis gorilmiistiir (P<0.05). Bununla birlikte
SAS kapli elma dilimlerinin meyve eti L* degeri yuksek ve b* degerleri dusik
belirlenmisgtir. Olusan bu farkliligin film formiilasyonunun Z* ve »* degerlerinin farkl
olmasindan ileri geldigi distinilmektedir. Benzer sonug¢ baska bir calismada da elde
edilmistir (Kargoéz ve Demirdéven, 2019). Bununla birlikte Fontes ve ark., (2008), 9.
glinden itibaren aljinat kaplamanin kontrol 6rneklerinin degerlerine kiyasla daha
diasik parlaklik degerleri gosterdigini  bildirmiglerdir ve bu durum aljinat
soliisyonunun sar1 renginden dolay: diisik Z* degerleri gostermesine baglanmistir.
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Sekil 4. Orneklere ait L*, a* ve b* degerleri; K (Kontrol), SA (Sodyum aljinat), SAS
(Sodyum aljinat-stevia)

Figure 4. L* a* and b* values of samples; C (Control), SA (Sodium alginate), SAS

(Sodium alginate-stevia)

Montero-Calder’on ve ark., (2008), kesilmis taze ananaslari kalsiyum kloriir iceren
sodyum aljinat ile kaplamiglar ve 5 °C ‘de 20 giin depolama boyunca L* degerinin %22
oraninda, b* degerinin %29 oraninda azaldigim belirtmiglerdir. Arastirmacilara gore
L* ve a* degerindeki bu farkliliklar sari-beyaz opak renkten yar1 saydam sari renge
déniisen meyve etinden kaynaklanmaktadir. Bu durumun nedeni olarak da esmerlesme
reaksiyonlar1 ve polifenoloksidaz enzim aktivitesi gdsterilmistir (Bierhals ve ark.,
2011). Buna karsin Hui-Min ve ark., (2009), sodyum aljinat kaplama ve sodyum
aljinatin kullanildig: diger kaplamalarin L* degerinin diismesine, a* ve b* degerlerinin
ise artmasina neden oldugunu vurgulamistir.

Meyve eti AE, AC, Hue acis1 degerlerindeki degisimlere iligkin bulgular Cizelge 1’de
verilmigtir. Hesaplamalar, kontrol grubunun L*, a* ve b* degerleri referans alinarak
yapilmigtir.
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Cizelge 1. Orneklere ait AE, AC ve Hue® degerleri; K (Kontrol), SA (Sodyum aljinat),
SAS (Sodyum aljinat-stevia)

Table 1. AE, AC and Hueo values of samples; C (Control), SA (Sodium alginate), SAS
(Sodium alginate-stevia)

Muhafaza Siiresi (Giin)
0 1 2 3
AE AC Huec AE AC Huec AE AC Huec AE AC Hue°
K 0.00 0.00 850 263 21.6 8271 21.7 183 84,5 23.75 20.1 82.93

Ornek

+laA +l1laA b5 7 6 +2aB 2 9 8 +2bA 8 +0aB

+1aC +2bA +£2bA +2 +bA +0aB +1bA

bA

SA 7.30 3.11 80.5 22.3 10.3 88.94 20.2 7.89 89.3 62.75 55.5 86.11
+5aB +aB 5 9 1 +1bC 2 +3bB 2 +7cB 1 +1bC

+laA +9bA +3bB +9bA +1bC +0cC
SA 15.4 11.4 83.8 40.8 27.6 70.34 36.7 25.2 75.1 53.93 37.3 67.53
S 6 6 0 6 9 +3ab 5 1 6 +10c¢ 1 +2aA

+1aC +1aC +1cB +2bB +1bC A +5bB +0bC +3bA B +8cB

n = 4, (+ standart sapma), &P - <0.05 aym satirdaki, & B € <0.05 aym siitundaki farkliliklar: gosterir.
n = 4, (+ standard deviation), # * - <0.05 represent the differences in the same column, 4 B € <0.05,
respectively, on the same line.

Kontrol, sodyum aljinat ve sodyum aljinat-stevia 6rneklerinin meyve eti AE ve AC
degeri degerlendirildiginde tiim oOrneklerin meyve eti AE ve AC degerlerinde artig
gozlenmistir (P <0.05).

Depolama baglangici SAS 6rneginin AE ve AC degeri diger 6rneklerden yiiksektir.
SA ve SAS 6rneginin 0. giin AE degeri sirasiyla 7.30 ve 15.46, AC degeri sirasiyla 3.11
ve 11.46 olarak bulgulanmistir (0.giin kontrol érnegi referans alinmistir; 0.00). Bu
farklilik stevianin kendine has olan renginden kaynaklanmaktadir. Tim o6rneklerin
depolama sonundaki AE ve AC degerleri incelendiginde film kapli 6rneklerin kontrol
ornegine gore yuksek bir deger gosterdigi gorulmektedir ve aralarindaki fark istatistiki
olarak o6nemlidir (P<0.05). K, SA ve SAS ornekleri icin AE degerleri sirasiyla
23.75:62.75; 53.93 ve AC degerleri sirasiyla 20.18; 55.51; 37.31 olarak tespit edilmigtir.
Verilerde gorildigi tizere en biiyiik renk farkliligi SAS 6rneginde gorilmiustiir ve SAS
ornegi depolama boyunca bu farkliligr strdirmistir. Ayrica kontrol ve SAS
orneklerinin meyve eti Hue acgis1 degerlerinde diiglis gozlenmistir ve depolama
baslangici ile depolama sonu arasindaki fark istatistiki olarak énemlidir (P <0.05).
Ancak SA o6rneginin Hue acis1 degeri 1.gin yiikselmis, daha sonra bir diisis
gostermigtir. SAS o6rneklerin depolama sonu Hue agis1 degeri diger orneklere gore
disik cikmagtir.

Chiumarelli ve ark., (2011), AC degerleri ile ilgili olarak, manyok nisastas1 ve aljinat
kaplamalarin kullaniminin mangolarda renk yogunlugunu etkilemedigini ve depolama
sliresinin tiim iglemler i¢in 6nemli bir etkiye sahip oldugunu ve depolama boyunca AC
degerinde bir azalma oldugunu belirtmigtir. Aljinat soliisyon renginin muhtemelen AC
parametresini etkiledigini ve bu polisakaritle kaplanan numuneler i¢in daha disik
degerler elde edildigini belirtmiglerdir.

Duyusal Analiz

Depolama  baslangicinda  film  kapli ve  kaplanmamis olarak  duyusal
degerlendirilmesine iligkin bulgular Cizelge 2’de verilmistir. Depolamanin diger
giinlerinde duyusal kalitenin bozulmasi nedeniyle duyusal analiz yapilmamistir.
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Cizelge 2. Orneklere ait duyusal analiz verileri (0-5p); K (Kontrol), SA (Sodyum aljinat),
SAS (Sodyum aljinat-stevia)

Table 2. Sensory analysis values of samples (0-5p); C (Control), SA (Sodium alginate),
SAS (Sodium alginate-stevia)

Ornek Tathlik Eksilik Elma Gevreklilik  Sertlik Kabul
aromasi edilebilirlik
K 4.8+0.4B 0.4+0.7A 4.7+0.5B 4.1+0.3B 3.3+0.8B 4.8+0.4B
SA 4.4+0.5B 0.2+0.4A 4.3+0.5B 3.4+0.5A 2.7+0.7A 3.9+0.6B
SAS 3.3+0.5A 0.9+0.9A 2.6+0.5A 3.3+0.7A 2.2+0.7A 1.1+0.8A

*n =9, (+ standart sapma), A, B, C <0.05 ayn siitundaki farkliliklar: gosterir.
*n =9, (+ standard deviation), A, B, C <0.05 represent the differences in the same column respectively

Genel itibariyle panelistler, SA ile kaplanmig elmalarin tatlilik, eksilik ve elma
aromasinin, kontrol ile benzerlik gésterdigini belirtmislerdir (P>0.05). Bununla birlikte
panelistler kontrol 6rneginden sertlik ve gevreklik ozellikleri bakimindan farkl
oldugunu belirtmiglerdir (P<0.05). SA 6rneginin kontrole gore biraz daha yumusak bir
dokuda oldugunu, elma digindaki filmin hissedildigini ve yapiskanimsi bir his verdigini,
bunun kabul edilebilirligi etkiledigini ifade etmislerdir (P<0.05). SAS 6rneklerinin ise
kabul edilebilirliginin ¢ok daha disiik oldugunu ¢liinki film tabakasinin SA’dan bile
fazla hissedildigini, SA’ya gére daha yapiskan oldugunu ayrica stevianin kokusu, tad:
ve renginin belirgin oldugunu vurgulamiglardir (P<0.05). Stevia tatlilik eksilik, elma
aromasi ve kabul edilebilirligi etkilemistir.

SONUC

Film kaplama solunum hizini1 yavaglatmigtir. Ancak stevia, karbondioksit tretim hizim
sodyum aljinat kaplamaya gore arttirmistir. Kaplama ¢o6zeltisi hazirlandig1 sirada
sadece sodyum aljinat iceren kaplama ¢6zeltisi ile sodyum aljinata stevia ilave edilmis
film ¢ozelti yapisinin aymi olmadigi, kaplama sirasinda jellesmeler tespit edildigi ve
bunun sonucu olumsuz etkiledigi digtiniilmektedir. Solunum yavaglatilmasi1 bir
Urinin raf 6mrintn uzatilmasinda etkilidir. Bu nedenle film kaplamanin bu etkisi
dikkate alinmalidir. Film kaplama ayni zamanda igerisinde bulunan askorbik asit
nedeniyle titrasyon asitligini arttirmigtir. Kontrol ve film kapli 6rneklerde agirlik kaybi1
gorilmemigtir. Solunum ve nem kaybi ile birlikte gelen agirlik kaybinin azaltilmasi
ekonomik kayiplari en aza indirgeyecektir. Bu durum depolama siiresinin dogru
secildiginin bir gostergesidir. Ancak meyve sertligi korunamamigtir. Bu durumun
daldirma c¢ozeltisi icerisine CaCls ilavesi ile giderilebilecegi distintilmektedir. Meyve
rengi kontrol 6rneklerinde ¢ok kisa bir slire sonra enzimatik esmerlesme ile degismistir.
Ancak film kapli trinlerde enzimatik esmerlesme gorilmesi 9-12 saat sonra
gerceklesmigstir. Bu siire tamamlayici ¢caligmalar ile uzatilabilecektir. Depolama siiresi
sonunda K, SA ve SAS o6rneklerinin meyve eti L* degerinde disiig, a* ve b* degerinde
ise artig goriilmiistiir (P <0.05). SAS 6rneginin meyve eti L* degerleri diger érneklere
gore diisiik ve b* degerleri diger érneklere gore yiiksek cikmistir (P <0.05). Bu sonuc
stevianin kendine has renginden kaynaklanmaktadir. Ayrica stevia otsu tadi ve kokusu
nedeniyle tiketicileri olumsuz etkilemistir. Sonu¢ olarak daha yuksek kalitede triun
eldesi igin kaplanmis elmalarin raf 6mrini uzatmak amaciyla; film formiilasyonuna
yardimc1 madde ilavesi kogullar iyilestirebilir veya kaplanmig elmalarda aktif MAP
uygulamasi yapilabilir.
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OZET

Bu arastirmanin amaci, disiik hacimli pestisit uygulamalarinda
kullanilan déner diskli memede disk konum acis1 (0° ve 309, ilerleme .
hiz1 (0.4 ve 1.2 m s!) ve memeler aras1 mesafe (0.6, 0.7, 0.8, 0.9, 1.0, ARASTIRMA MAKALESI
1.1 ve 1.2 m) faktdrlerinin hacimsel dagilim diizgiinlii§iine olan
etkisini incelemek ve optimum igletme parametrelerini belirlemektir.
Laboratuvar kosullarinda yuriitilen puskiirtme uygulamalarinda
dogrusal hareketli bir pluskiirtme simiilatéri kullanilmistir. Doner
diskin devir sayis1 7000 min! ve puskiirtme yuksekligi 40 cm olarak

Alinig tarihi: 13.07.2020
Kabul tarihi: 27.08.2020

ayarlanmistir. Piskiirtme sivisina 1 g I' konsantrasyonda Tartrazine | Anahtar Kelimeler:
karigtirnlmigtir. Uygulamalar 30 1 ha! norm degerinde yapilmistir. )
Ornekleme i¢in 35 mm capl petri kutusu kullanilmigtir. Arastirma > Plskirtme paterni,
sonuglarina gére tiim uygulamalarda puskiirtme paterni asimetrik | > Disk konum agisi,
gérinimde olusmustur. 0° ve 30°lik disk konum agilarii¢in en diigik | » Doner diskli meme,
varyasyon katsayis1 (CV) 0.4 m s ilerleme hizinda ve 0.7-0.9 m meme | » Diisiik hacimli

araliginda elde edilmistir. 1.2 m s ilerleme hizinda belirlenen CV
ortalamalar1 0.4 m s hiza gore daha yiiksektir. Ancak disk konum

acist 30° oldugunda 1.2 m s ilerleme hizinda elde edilen CV Tlerleme iz

\4

pestisit uygulamalari,

ortalamalar1 0”lik konum agisina gére kismen iyilesmigtir.
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Effect of Disc Position Angle and Spraying Speed on Volumetric
Distribution Uniformity of Spinning Disc Nozzle

ABSTRACT

The aim of this study was to examine the effect of disc position
angle (0° and 30, spray speed (0.4 and 1.2 m s'!) and distance
between nozzles (0.6, 0.7, 0.8, 0.9, 1.0, 1.1 and 1.2 m) on | RESEARCH ARTICLE
volumetric distribution uniformity, and determine optimal
operational parameters in the spinning disc nozzle used in low
volume pesticide application. The spray application was
performed using a linear moving - spray simulator under
controlled laboratory conditions. The revolution of the spinning
disc was set to 7000 rpm and the spray height was stable at 40 | Keywords:
cm. Tartrazine at 1 g 1'! concentration was mixed into the spray
liquid. The application rate was 30 1 hat. Petri dishes of 35 mm
diameter were used for sampling. According to the results of the
research, the spray pattern was formed in an asymmetrical
appearance in all applications. For disc position angles of 0° and
30°, the lowest variation coefficient (CV) was obtained at 0.4 m
s1 spraying speed and 0.7-0.9 m nozzle distances. The CV ‘
means determined at 1.2 m s’ spraying speed were higher than | * Spraying speed
0.4 m s'1. However, when the disc position angle was 30°, the CV
means obtained at 1.2 m s! spraying speed partially improved
according to the 0° disc position angle.
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Spray pattern,
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GIRIS

Pestisit uygulama yontemleri alaninda yapilan arastirmalar ¢evre kirliligini azaltmaya
yonelik bir takim yeni puskiirtme teknolojilerinin gelistirilmesini saglamaktadir.
Sadece hidrolik esasa gore calisan konvansiyonel plskiirtme memeleri degil, ayni
zamanda disik hacimde uygulama yapan doner diskli memelerin de mevcut
teknolojiler arasinda yer aldigi1 gorilmektedir. Gintmiizde piskirtme sistemleri
tarafindan tretilen damlalarin yapisi piilverizatorin igletme parametrelerine bagh
olarak oldukca genis bir spektrumda degismektedir. Hidrolik memelerle tiretilen kaba
yapili damlalar penetrasyon agisindan 6nemli bir avantaj sagladig1 diisiiniilse de son
yillarda yapilan arastirmalarda bu iyilesmenin sinirli oldugu gériilmektedir (Sayinci ve
ark., 2019). Baz1 arastirmalara gore damla penetrasyonunun bitki kanopisinin
geometrik yapisiyla yakindan iligkili oldugu belirtilmistir (Spillman, 1984). Nitekim
bitki kanopisinin Olclleri, yaprak morfolojisi ve yaprak alan indeksi degiskenleri
damlalarin hedefe taginmasini1 ve ylzeyde tutunmasini énemli 6l¢tide etkilemektedir
(Smith ve ark., 2000; Zhu ve ark., 2004).

Doner diskli memelerde merkeze yakin bir noktaya iletilen akigkan, diskin dénerek
kazandig1 kinetik enerjiyle kenara dogru yayilmakta ve diski tegetsel yonde terk
etmektedir. Bu esnada damlalar, akigkanin santrifiij kuvvet etkisiyle parcalanmasi
sonucu olusmaktadir. Disk kenar1 diiz ya da tirtikli bir yapidadir. Diskin ¢capi, devri ve
yluzey plrizliligli damla olusumunu etkileyen faktérlerdir. Ayrica akiskanin fiziksel
ozellikleri, debisi, disk ylizeyinde kazandig1 atalet momenti ve damla ve ¢evre havasi
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arasindaki slrtinmenin buyikligii damla spektrumunun degismesine neden
olmaktadir (Cilingir ve Dursun, 2002). Diisiik disk devri ve yiiksek debi kosullarinda
damlalar siv1 filmi tabakasindan parcalanarak olusmaktadir. Yiiksek disk devri ve
disik debi kosullarinda damlalar ipliksi forma gegtikten sonra parcalanarak
olusmaktadir Matthews, 2000).

Doner diskli memelerde; uygulama hacmi ULV formiilasyonlar: icin 1-3 1 hal, su
bazli karigimlar i¢in 10-30 1 ha! araliginda degismektedir. Bu piilverizatérlerin en
6nemli avantajlarindan biri damla spektrumunun dar olmasi ve hidrolik memelere gore
daha homojen yapida damlalar iretmesidir. Damlalar dairesel bir yoériingede
yayilmaktadir (Monaco ve ark., 2002). Déner diskli memenin isletme parametrelerinin
belirlenmesine yonelik yuritiilen bir arastirmada farkli disk devri ve debi kogullarinda
damla capinin (Dvoso) 59-98 pm araliginda degistigi belirlenmistir (Ishfaque ve ark.,
2005). Buna karsin diisiik devirde (2000 min?) igletilen déner diskli memede damla
capinin 260 pm oldugu rapor edilmistir (Matthews, 2000).

Disiik hacimli plskirtme sistemlerinin avantajlarindan dolayr déner diskli
memelerle ilgili cesitli bilimsel arastirmalar yiiriitiilmiistiir. Bode ve ark. (1983)
tarafindan farklh igletme parametrelerinde kullanilan déner diskli memenin hacimsel
dagilim diizgiinliigiine etkisi arastirilmistir. Bayat ve Bozdogan (2005) déner diskli
memeye monte edilen eksenel akigh bir fanin farkli igletme kosullarinda siiriiklenme
ve damla tutunmasina olan etkilerini incelemislerdir. Coates ve Palumbo (1997)
kavunda beyazsinek (Bemisia tabaci) miicadelesinde; Piggott ve ark. (2003) nematod
uygulamasinda; Parnell ve ark. (1999) pamuk yesil kurdu (Helicoverpa armigera H.)
miicadelesinde; Mason ve ark. (1998, 1999) ve Lello ve ark. (1996) lahana yaprak giivesi
(Plutella xylostella 1..) miicadelesinde doéner diskli meme kullanmiglardir. Ancak cok
ince yapili damlalar treten doner diskli memelerde siiriiklenme diizeyinin yiiksek
olmasi ve damlalarin hedefe taginmasinda karsilasilan zorluklar nedeniyle son yillarda
kaba yapili damlalar treten hidrolik memelerin yaygin olarak kullanilmaya baglandig:
gorilmiistiir (Zhu ve ark., 2004; Saymc: ve ark., 2019, 2020). Gelisen piiskiirtme
teknolojilerinde pestisit uygulamalarinin robotik ya da insansiz hava araci gibi uzaktan
kontrolli sistemlere adapte edildigi goriilmektedir. Bu sistemler yapi itibariyle hafif
olduklarindan digsiik hacimli piuskirtme sistemlerine olan ilgi ve gereksinim
artmaktadir (Wang ve ark., 2019, 2020).

Disiik hacimli piiskiirtme sistemleri, kiiciik tank kapasiteleri sayesinde az miktarda
ya da hi¢ su kullanmadan buytk alanlarda zararh, hastalik ve yabanci otlarla
miicadeleyl mimkin kilmaktadir. Ayrica mekanizasyonu elverisli olmayan egimli ya
da engebeli arazilerde havadan ilaclama yoéntemiyle diisik hacimde pestisit
uygulamalar1 yapilabilmektedir. Konvansiyonel pliskiirtme sistemlerine gore lojistik
sorununun yasanmamasl ve daha disik enerji gereksinimleri nedeniyle 6nemli
avantajlara sahiptirler. Ayrica doner diskli memelerde damla spektrumu disk devir
sayisina bagh olarak degisebilmekte ve zararli, hastalik ve yabanci ot etmenlerini i¢in
uygun damlalar Gretilebilmektedir.

Zararl ve hastalik etmenleriyle miicadelede ince yapili damlalar Gireten piiskiirtme
sistemlerinin kullanilmas1 tavsiye edilirken (Shapiro-Ilan ve ark., 2006), hacimsel
dagilim dizgiunliginin kaba yapili damlalar lireten sistemlere gore daha disik
oldugu belirlenmistir. Ince yapili damlalar iireten piiskiirtme sistemlerinde homojen
bir dagilimin elde edilebilmesi i¢in uygulamalarin disiik ilerleme hizinda yapilmasi
gerektigi belirtilmistir (Sayinc1 ve ark., 2020). Ayrica, damlalarin hem yatay hem de
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diisey konumdaki yiizeylere tasinma etkinligi agisindan meme konum agisinin 6nemli
oldugu belirtilmektedir. Nitekim hidrolik memelerde meme konum acgis1 arttiginda
diisey diizlemde yiizey kaplama oraninin %40 oraninda arttig1 saptanmistir (Sayinci ve
ark., 2019).

Doner diskli memelerde damla dagilim diizginligint etkileyen faktorler arasindaki
interaksiyonlarin incelenerek optimum calisma parametrelerinin belirlenmesi
gerekmektedir. Gupta ve Duc (1996) tarafindan yiiriitiilen arastirmada déner diskli
memede disk devir sayis1 ve meme debisi arttiginda hacimsel dagilim diizgiinligiine ait
CV degerinin arttigr belirlenmigtir. Bu calismalar disiik hacimli yeni piskiirtme
teknolojilerinin gelistirilmesi ve optimum isletme parametrelerinin belirlenmesi
acisindan énem tagimaktadir.

Bu arastirmanin amaci, doner diskli memede disk konum acisi, ilerleme hiz1 ve
memeler aras1 mesafenin hacimsel dagilim diizgiinliigline olan etkilerini belirlemektir.

MATERYAL ve YONTEM

Doéner diskli meme

Denemede kullanilan déner diskli memenin bazi teknik &lgiileri ve diger baglanti
parcalar1 Sekil 1’'de gosterilmigtir. Doner disk ve gévde termoplastik malzemeden
yapilmigtir. Disk, 12 V’Iuk DC motor ile caligmaktadir. Akigkan bir meme araciligiyla
dogrudan disk tzerine iletilmektedir. Diskin konum acis1 baglanti noktasindan
ayarlanmaktadar.

[ Smgigl - Piskiirtme kolu
/ /

baglanti noktasi
5

—DC motor
/-~ Disk govdesi
w
Saft L goaias Ddner disk
AR i I
251

Sekil 1. Doner diskli meme ve baz dlgtleri
Figure 1. Spinning disc nozzle and some dimensions

Piiskiirtme simiilatori

Puskirtme uygulamalar: dogrusal hareketli bir pliskirtme simiulatéri kullanilarak
yapilmistir (Sekil 2). Simiilatér kizak ve araba olmak tizere 2 ana boliimden
olusmaktadir (Sekil 2a). Uzunlugu 12 metre olan kizak bsliimii 90x180 mm 6lciilerinde
1ki adet sigma profilden olugsmaktadir. Dogrusal hareket profil kanallarina yerlestirilen
20 mm c¢apli miller tizerinden saglanmaktadir. Piskiirtme sistemini monte etmek igin
araba catisina 2.2 metre uzunlugunda tek tarafa acgilir bir bum kolu monte edilmistir.
Kizak iizerinde dogrusal hareket eden arabada gii¢ kaynagi olarak 1000 W’lik servo
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motor (Delta ASDA-B2, Tayvan, TW) kullanmilmistir (Sekil 2b). Motor milinin hareketi
kayis-kasnak aracihigiyla (cevrim orani 1/2.5) arabanmin tahrik tekerleklerine
iletilmektedir. Arabanin hiz kontrolii servo motor siirticiisiine bagh bir bilgisayardan
saglanmigtir. Motor mili devri 1-5000 min! araliginda degismekte olup similator hizi
0.28-12.00 m s! araliginda kontrol edilebilmektedir. Denemelerde depo kapasitesi 600
litre olan bir tarla piilverizatorii (TP600 Piton Taral®, TR) kullanilmistir (Sekil 2c¢).
Piilverizatdr pompasi piston-membranl (TAR3O0, cift pistonlu, 40 kg cm2 anma basinci,
30 1 dk! anma debisi, %67 verim, Taral®, TR) olup pompa mili rediiktérlii bir elektrik
motoruyla (MSD 90L2, 2780 min!, Gamak, TR) 600 min! hizda calistirilmigtir.

) = ATy S R
Sekil 2. Piiskiirtme simiilatori (a) Kizak, ray ve bum kolu (b) Servo motor ve kayis-
kasnak mekanizmasi (¢) Akigkan deposu, basing regiilatérii, rediiktorlii elektrik motoru
ve pulverizatér pompasi
Figure 2. Spray simulator (a) Guide rail and spray boom (b) Servo motor and belt-pulley
mechanism (¢c) Fluid tank, pressure regiilator, electric gearmotor, spray pump

Simiilatére monte edilen déner diskli meme

Bum koluna monte edilen doéner diskli meme Sekil 3’te gosterilmigtir. Pliskiirtme
yiksekligi mekanik olarak ayarlanmistir. Disk konum acis1 bum kolu tizerine monte
edilen ayar plakasiyla degistirilmistir. Akigkan iletimi i¢in hidrolik meme gévdesi ve
doner diske baglh meme arasinda iletim borusu kullanilmigtir. Doner diskin devir
sayisini ayarlamak icin diski calistiran DC motora hiz kontrol devresi baglanmistir.
Diskin devir sayis1 optik takometreyle (Testo 465, +0,02%, SE & Co KGaA) élciilmiis ve
hiz kontrol devresiyle ayarlanmigtir.
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Sekil 3. Piiskiirtme simiilatériiniin bum koluna monte edilen déner diskli meme (1:
doner diskli meme, 2: disk gévdesi baglanti kolu, 3: akigkan iletim hatti, 4: membranh
meme govdesi, 5: disk konum acis1 ayar plakasi, 6: puskiirtme yiliksekligi ayar kolu, 7:
akig ayar valfi, 8: hareketli kablo kanali, 9: simtlator ¢atisi, 10: simtuilator kizak profili,
11: disk devir sayis1 kontrol devresi, 12: bum kolu, 13: servo motor ve kayig-kasnak
mekanizmasi, 14: dogrusal hareketli araba)

Figure 3. Spinning disc nozzle mounted on the boom of the spray simulator (1- spinning
disc nozzle, 2° disc body connection arm, 3° fluid transmission line, 4° membrane nozzle
body, 56 disc position angle adjustment plate, 6. spray height adjustment arm, 7: flow
control valve, 8 moving cable channel, 9° simulator frame, 10- guide rail profile, 11- disc
speed control circuit, 12° spray boom, 13 servo motor and belt-pulley mechanism, 14-
linear moving unit)

Calisma parametreleri

Doéner diskli memenin debisi, basing hattina monte edilen akis ayar wvalfiyle
ayarlanmigtir. Debi 6l¢imi 0.6 bar basingta disk ¢aligtirilmadan yapilmigtir. Memenin
1slatma cap1 2.4 metre belirlenmistir. Bu deger Dante ve Gupta (1991) tarafindan
yuritilen arastirmada doner diskli memenin piskiirtme genigligiyle uyumlu
bulunmustur. Wang ve ark. (2020) doéner diskli memenin piiskiirtme genigligini 3 m
olarak bildirmistir. Piiskiirtme denemeleri iki farkli disk acis1 (0° ve 30°) ve iki farkh
ilerleme hizinda (0.40 m s ve 1.20 m s!) gerceklestirilmistir. Disk devir sayis1 7000 d
dk1 ve piiskiirtme yiiksekligi 40 cm olarak ayarlamistir. Ilerleme hiz1 0.40 m s ve 1.20
m s icin meme debisi sirasiyla 0.18 1 dk! ve 0.50 1 dk! olarak ayarlanmig ve tiim
denemeler sabit 30 1 ha! uygulama hacminde yapilmigtir. Piisklirtme denemeleri 3 kez
tekrarlanmigtir.

Ornekleme

Ornekleme i¢in 35 mm capinda polistren (PS) petri kutusu kullanilmistir. Petriler 3
metre uzunlugunda aliminyum-L profil tlizerine 70 mm araliklarla yan yana
yerlestirilmigtir. Her denemede toplam 34 adet petri kutusu kullanilmig ve bir klipsle
sabitlenmistir. Uygulamadan sonra toplanan petri kutularinin kapaklar: kapatilmig ve
konularina gére numaralandirilmigtir.
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Piskiirtme sivisi

Denemelerde puskiirtme sivisi olarak sebeke suyu kullanilmigtir. Kantitatif 6lgtimler
icin pulverizatériin deposuna 1 g 1! konsantrasyonda toz formda Tartrazin ilave
edilmistir. Gida boyas1 olarak kullanilan Tartrazin’in baz o6zellikleri Cizelge 1’de
verilmistir. Saymnct ve Comlek (2015) tarafindan yapilan arastirmada Tartrazin’in
kuruduktan sonra bozulmadig: ve geri kazaniminin yiiksek oldugu belirlenmistir.

Cizelge 1. Tartrazin’in baz ézellikleri (NCBI, 2020; Sigma-Aldrich, 2020)
Table 1. Some properties of Tartrazine

Kimyasal formiili : C16H9N4Na309Se

Avrupa Birligi kodu :E102

Renk indeks numarasi :C.I. 19140

Suda ¢oziinturlik 120 g/100 mL

Diger isimleri * Acid Yellow 23; Food Yellow 4; FD&C Yellow 5
Kantitatif analizler

Kantitatif analizler icin 0.00-12.00 pg ml?! konsantrasyon araliginda standart seri
hazirlanmis ve UV/VIS spektrofotometresinde (T60 U Model, PG Instruments Ltd., UK)
427 nm dalga boyunda absorbans okumalar: yapilmistir (Saymc: ve Cémlek, 2015).
Konsantrasyon (x) ve absorbans (y) arasinda y = 0.0426x — 0.0087 dogrusal esitligi (R2=
0.9987) elde edilmistir.

Piskirtmeden sonra toplanan petri kutularinin her birine 5 ml saf su konulmusg ve
karigtirlarak yiizeydeki Tartrazin’in yikanmasi saglanmistir. Yikanan cozeltilerin
absorbanslar1 spektrofotometrede belirlenmis ve dogrusal esitlik formiiliinde yerine
yazilarak ¢ozeltinin konsantrasyonu (ug ml!) hesaplanmistir. Birim alana piiskiirtiilen
sivl hacmi Esitlik 1 kullanilarak hesaplanmistir (Zhu ve ark., 2002).

[(C-P)/S]

M I (1
M ! petri ylizeyine ulasan sivi hacmi (ul cm™2)
C : 6rnegin konsantrasyonu (ug ml1)
P ! yiizeydeki maddeyi yitkamak icin kullanilan ¢oziicii miktar: (ml)
S : puiskiirtiilen karisstmin konsantrasyonu (ug plt)
Ay : 6rnekleme alani (cm?)

Hacimsel dagilim diizgiinligiiniin belirlenmesi

Hacimsel dagilhim diizgiinliigii Esitlik 2’de verilen varyasyon katsayis1 (CV) esitligiyle
hesaplanmistir (Yildiz ve ark., 2005). CV degeri, iki déner diskli meme arasindaki
mesafenin 0.6 m, 0.7 m, 0.8 m, 0.9 m, 1.0 m, 1.1 m ve 1.2 m olmas1 kosullarinda
belirlenmisgtir.

-1

CV=SS-n-(ZM> - 100 2

i=1

CV  :varyasyon katsayis1 (%)
SS : birim yiizeye ulasan ortalama siv1 hacminin standart sapmasi (ul cm™2)
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n : 6rnek sayis1 (adet)

Istatistik analiz

Doner diskli memede farkli memeler arasi1 mesafelerde disk konum acis1 ve ilerleme
hizinin hacimsel dagihm diizgiinliigiine etkisi varyans analiziyle (ANOVA) test
edilmigtir. Onemli bulunan faktorlerin ortalamalar1 arasindaki fark %95 6nem
diizeyinde Duncan ¢oklu karsilagtirma testiyle belirlenmistir.

BULGULAR ve TARTISMA

Farkli konum acilar1 ve ilerleme hizlarinda kullanilan déner diskli memenin
puskiirtme paterni degisimleri Sekil 4’te gosterilmistir. Sekil 4a ve Sekil 4c’deki
dagilimlar 0.4 m s ilerleme hizinda elde edilmistir. Digiik ilerleme hizinda tiniform
olmayan ve asimetrik bir dagilim elde edilmistir. Disk konum agis1 0° oldugunda hafif
sola carpik bir dagilim elde edilirken, konum acis1 30° oldugunda dagilim saga ¢arpik
olusmustur. Ilerleme hiz1 1.2 m s oldugunda elde edilen piiskiirtme paternleri Sekil
4b ve Sekil 4d’de gosterilmistir. Ilerleme hizi arttiginda ptiskiirtme dagiliminin belirgin
sekilde etkilendigi gérilmektedir. Yiksek ilerleme hizinda elde edilen piuskiirtme
paterni ¢izgisel formda olmasina ragmen hedefe taginan akigkanin hacmi saga dogru
artmigtir. Bu artisin diskin dénme yo6niine dogru olmas: dikkat ¢ekmektedir. Meme
debisine bagl olarak disk lizerine gelen akigkanin kiitlesinden dolayi disk devrinin
azaldig1 tahmin edilmig ve buna bagh olarak puskirtiilen damlalarin diskin dénme
yonline dogru tek tarafta birikime neden oldugu kanisina varilmistir. Grafik tizerinde
birikimin arttig1 yone dogru varyasyonun da arttigi gériilmektedir.

Gupta ve Duc (1996), farkl disk devirlerinde calistirilan doéner diskli memenin
puskiirtme paternini incelemiglerdir. Stabil kosulda paternatoérde yapilan élgiimlerde
disk devri arttik¢a akigkanin merkezde daha fazla biriktigi ve disiik devirlere gore
ucgene benzeyen daha sivri bir paternin olustugu belirlenmistir. Kontrolli laboratuvar
kogullarinda stabil halde déner diskin lirettigi damlalar, hava hareketliliginin olmadig
bir ortama yayildigindan pliskiirtme paterni diizgiin ve simetrik bir yapida olusmustur.
Yirittigimiiz bu arastirma ise doner diskli memenin piiskiirtme paterni dinamik
kogullarda 6l¢ulmustiir. Sabit hizda dogrusal hareket eden doner diskin puskirtme
dagilimim etkileyen en 6nemli etmenin hava hareketliligi oldugu diistintilmektedir. Bu
nedenle ilerleme hiz1 arttiginda piisklirtme dagilimi belirgin sekilde degismistir.
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Her tekrarda belirlenen hacimsel dagilim
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Sekil 4. Meme konum agis1 ve ilerleme hizina bagh olarak hacimsel dagilim

Figure 4. Volumetric distribution based on nozzle position angle spraying speed
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Memeler aras1 mesafe azaldik¢a bindirme orani artmaktadir. Bu durumda tiggen ve
simetrik bir piskiirtme paterni gosteren dagilimda 6rtme oraninin biyik olmasi
hacimsel dagilim diizgiinligini iyilestirmektedir.

Ilerleme hizi, disk konum acis1 ve memeler arasi mesafe degigskenlerine ait CV
ortalamalari ve ¢oklu kargilagtirma testi sonuglar: Cizelge 2’de verilmigtir. Doner diskli
memenin nominal 0.6, 0.7, 0.8, 0.9, 1.0, 1.1 ve 1.2 m araliklarda kullanilmasi
durumunda CV ortalamalar1 farkli bulunmustur. Yiiksek ilerleme hizinda CV
ortalamalar1 artmigtir. Her iki konum acis1 i¢in en diisiik CV, 0.4 m s'! ilerleme hizinda
bulunmustur. Memeler arasi mesafeye gére en diigik CV ortalamalari, 0° ve 30°lik
konum acilari i¢in 0.7-0.9 m araliginda bulunmustur.

Cizelge 2. Memeler arasi mesafeye gore disk konum agis1 ve ilerleme hizinin hacimsel
dagilim diizgiinliigiine (%CV) etkisi (ort+SS)

Table 2. Eftect of disc position angle and spraying speed on volumetric distribution
uniformity (CV%) according to the distance between nozzles (mean+SD)

Meme konum Meme aras1 mesafe (m) Ilerleme hiza

acis1 Nominal (gergek) 0.4ms? 1.2ms!
0° 0.6 (0.63) 10.3+0.6 be 23.6+0.3 be
0.7 (0.70) 8.6+0.0 ab 20.7+2.4 ab
0.8 (0.77) 8.2+1.6 ab 17.5+1.2 a
0.9 (0.91) 7.6+1.9 a 24.0+2.9 be
1.0 (1.05) 10.5+2.4 bed 27.5+2.0 cd
1.1 (1.12) 11.7+0.7 cd 29.842.2 d
1.2 (1.19) 13.0+0.6 d 24.942.4 ¢
Tim ort. 10.0+2.2 24.0+4.2
F degeri (P) 5.929 (0.003)** 11.258 (0.000)**
30° 0.6 (0.63) 13.5+0.6 be 19.0+0.6 abc
0.7 (0.70) 10.8+0.5 b 16.1+2.0 ab
0.8 (0.77) 6.8+0.5 a 14.0£3.9 a
0.9 (0.91) 12.4+1.7 be 22.2+4.4 bed
1.0 (1.05) 14.4+0.6 ¢ 22.8+1.6 cd
1.1(1.12) 15.4+2.1 cd 24.8+3.2 cd
1.2 (1.19) 17.5+3.1d 26.3£5.1d
Tim ort. 13.0+3.5 20.8+5.1
F degeri (P) 13.846 (0.000)**  5.574 (0.004)**

** Aym stutunda farkli harfle gosterilen ortalamalar istatistiksel agcidan ¢ok dénemli diizeyde
farkhidir (P<0.01).

Prairie Tarim Makinalar1 Enstitiisi (PAMI, Kanada) tarafindan laboratuvar
kogullarinda stabil halde paternatorde yapilan 6l¢imlerde %15 diizeyindeki varyasyon
icin s1vi dagilhiminin kismen kabul edilebilir oldugu bildirilmis (Bode ve ark., 1983;
Azimi ve ark., 1985), %10 diizeyindeki varyasyon icin s1v1 dagilimi “olduk¢a homojen”
olarak tamimlanmistir (Azimi ve ark., 1985; Krishnan ve ark., 1988). Ancak tarla
kogullarinda bum kolundaki titresim, patinaj nedeniyle ilerleme hizinda olusan
varyasyon ve rizgar nedeniyle ortaya cikan ters hava akimlar piskirtme dagiliminin
bozulmasina neden olabilmektedir (Krishnan ve ark., 1993; Womac ve ark., 2001).
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Doner diskli memede ilerleme hizi 0.4 m s ve disk konum agis1 0° oldugunda tiim
meme acikliklarinda belirlenen CV ortalamalar: %15’in altindadir. Ayni hiz seviyesinde
disk konum acis1 30° oldugunda %15’den kii¢iik olan homojenlik kriteri 0.6-1.0 m meme
araliginda elde edilmigtir. Ilerleme hizi 1.2 m s' oldugunda belirlenen CV
ortalamalarinin biiyiik cogunlugu %15’in tizerinde bulunmustur.

SONUC

Disiik hacimde piskiirtme yapan doner diskli piilverizatérlerde uygun olmayan
igsletme parametreleri hacimsel dagilimin bozulmasina neden olmaktadir. Bu amagcla
puskiirtme sistemlerinin paternatér oOl¢imleri yapilarak optimum igletme
parametreleri belirlenmektedir. Doner diskli memelerde yiliksek disk devrinde ve 30°
konum agisinda hacimsel dagilimin iyilestigi bilinmektedir. Yurttilen bu arastirmada
ise ilerleme hizinin da hacimsel dagilimi 6nemli 6l¢iide etkiledigi belirlenmigtir. Yiiksek
1lerleme hizinda CV ortalamalari artmistir. Bu arastirmada 7000 min? disk devrinde
ve 40 cm puskirtme yiiksekliginde kullanilan déner diskli memede ilerleme hizinin
dusiik olmasi gerektigi belirlenmistir. 0° ve 30°lik disk konum acilar: i¢in en disik CV
ortalamalar1 0.4 m s! ilerleme hizinda ve 0.7-0.9 m meme araliginda elde edilmigtir.
Digtik hacimli puskiirtme memelerinin yeni teknolojilerin fonksiyonel 6zelliklerine
uyumlu olmas: gerekmektedir. Ilerleme hizi 6nemli bir fonksiyonel 6zelliktir. Yiiksek ig
kapasitesi ic¢in ilerleme hizinin arttirilmasi1 gerekmektedir. Mevcut doéner diskli
memelerde yiiksek ilerleme hizinda tniform bir dagilim elde etmek igin yeni disk
tasariminin yani sira disk devir sayisi ve puskiirtme yuksekligi faktorlerinin kapsamh
olarak incelenmesi gerekmektedir.

CIKAR CATISMASI

Yazarlar ¢calismanin planlanmasi, ytritilmesi ve makale olarak yazilmasi konusunda
herhangi bir ¢ikar ¢atismasi igerisinde olmadiklarini beyan ederler.
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ABSTRACT

The groundnut seed composed of approximately equal weight of
fatty and non-fatty oil. The groundnut cake (kulikuli- Hausa
name in Nigeria) contains concentrated protein, minerals, and
v1tam1ns in addition research.ﬁndlng revealed that no part of the Received: 08.07.2020
nut is a waste. The kernel without the nuts can be used as hay Accepted: 31.08.2020
to feed animals like, horse or ash manure. Planting machine or
planter that is normally required to produce more food is beyond
the buying capacity of smallholder’s farmers, which result in low

RESEARCH ARTICLE

productivity especially in the production of grains. An improved Keywords :

manual two-row groundnut planter was developed and

evaluated for its performance using locally sourced materials »  Groundnut,

which can be adapted for gardens and smallholder farmers. The > Plante.r, -
machine has the following parts which are furrow opener, | ~ Metering efficiency,
handle, frame, hopper, discharge tube, metering unit, and roller > Field efficiency,
housing. The machine was evaluated for field capacity and | > FPlanting efficiency

metering efficiency (3 hole metering devices) at different forward
speeds. It was observed that the machine field capacity efficiency
of was 82%. Using standard error bars the highest metering
efficiency of 92% was observed at 0.7 m s! machine speed. The
ANOVA (analysis of variance) shows that speed as significant
effect on metering efficiency with a p-value of 5.44E-18. The
planter could plant an average of five seeds per point. It is
simple, cheap and the ergonomics of the machine was considered
which makes it easy to operate.

To cite: Sedara AM, Lanwo R, Sedara OS (2020). Development of a Low Cost Two-Row
Groundnut Planter. Turkish Journal of Agricultural Engineering Research (TURKAGER),
1(2): 324-338. https-//doi.org/10.46592/turkager.2020.v01102.009

INTRODUCTION

Groundnut (Arachis hypogea) is a species in the legume or beans family. Groundnut
originated from South America and is mainly produced in the tropical and subtropical
regions of the world. It is cultivated on subsistence and commercial bases for food and
industrial purposes (Thakur et al, 2013; Mohammed et al, 2018). Groundnuts take
about 3-5 days to germinate and emerge from the soil at 30 °C. Groundnut seeds contain
40-50% oil and 20-50% protein. The groundnut seed composed of approximately equal
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weight of fatty and non-fatty oil. The general productivity of groundnut in Africa is
comparatively low, compare to that of America due to a number of constraints such as
biological, undulating climate, socio-economic factors, pests and diseases (Zongo et al.,
2019). The average output of groundnut in Africa (902.6 kg ha?) is very low comparative
to the American output of 33381.4 kg ha! (FAOSTAT, 2018). The average yield of
groundnut in Africa is about % of that of the America’s and about % of the yield of Asia
due to low mechanization, pressure of pest and diseases and low yielding varieties
among others (Desmae and Sones, 2017). Groundnut is considered as the most valuable
crop among legumes, grown in West Africa because of its economic, dietary and
industrial advantages (Sugri, 2020). Farm machinery is an important element for
agricultural development and crop production in many developed countries. The use of
machines for agricultural operations has been one of the outstanding developments in
the global agriculture during the last decade (Abdalla, 2007). The type of crop, soil
condition and available power are considered in the selection of planters (Hunt, 1995).
Planters can give different types of distribution and precision pattern, depending on the
machine that is being used (Abdalla, 2007). Some researchers have worked on row
planters (Ashoka et al, 2012) the twin or two-row groundnut planter and the 48-row
planter by John Deere (Russnogle, 2009). As our population continues to increase, it is
necessary that we must produce more food, but this can only be achieved through some
level of mechanization. It is therefore necessary to develop a low-cost planter that will
reduce drudgery and enable smallholder farmer to produce more foods. The specific
objectives are to design and fabricate a manually operated two row groundnut planter
and evaluate the performance of the planter.

MATERIALS and METHODS

Design principle

The planter is designed to serve as an intermediate technology between the hand tools
and the tractor drawn multi-row planters; mainly for smallholder farmers cultivating
less than two hectares of land. This is necessary considering that more than half of the
farming population in the country cannot afford either to buy or hire tractor drawn
planting machinery, given their level of income and size of farm. The planter is intended
to minimize drudgery by eliminating continuous bending down and standing up, time
wasting, hand method of seed metering, furrow opening, closing, and fatigue that
generally characterize traditional seed planting by most Nigerian farmers. The design
and material selection also ensured that the machine will be easy to construct,
affordable to the target end users, with most of the component parts made with locally
available materials, and low technology requiring little or no training for operation and
maintenance. The planter is a double row push type working on the principle of fluted
roller. To operate it, seeds are poured into the hopper; the planter is then positioned at
the desired starting point and pushed along the row. About two seeds are picked up by
the metering plate and introduced into the chute. The furrow opener continuously opens
the soil and the seeds metered into the chute fall into the opened furrow, which are
simultaneously closed by the furrow closer. As the planter is pushed along the row, it
plants continuously at 30 cm intra row spacing, until the seeds in the hopper will finish
to a level requiring refilling the hopper.



SEDARA et al., / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 524-358 326

Mechanical factors considered for the design planter
The recommended seed spacing, and depth of seed placement vary from crop to crop and
for different agro-climate conditions to achieve optimum yields. The following are
considered which can affect emergence of seed;
a) Uniformity of depth of placement of seed.
b) Uniformity of distribution of seed along rows.
c) Transverse displacement of seed from the row.
d) Uniformity of soil covers over the seed.
Machines that place the seed in the soil and cover it in the same operation create
definite number of seed dropped into the soil.

Description of groundnut planter

The developed planter consists of the handle, seed hopper, furrow opener, seed
discharge tube, main body (frame) and metering roller housing. The machine was
powered by the rotation of the wheel and its motion was transmitted through the shaft
to the metering unit. The average mean diameter of groundnut used was 9.23 mm. The
seed tube was made of hollow cylindrical metal designed from the hopper to the seed
meter. A 25 mm diameter hole on the metering device houses the seed to be planted.
Seeds picked from the hopper pass through the upper hole at the open and close
castellated metering mechanism to the lower hole into the discharge tube which
deposits the seeds into the opened furrow.

Metering disc: the metering mechanism was constructed from the principle of bicycle
braking system where the seed-metering component is linked to the regulator handle.
Applying the regulator handle causes the seed meter to open for a seed from the hopper
to pass through the lower slot tube, into the opened furrow.

Design considerations
The design of manually operated groundnut planter with two rows was based on the
following considerations
e) The ease of fabrication of component parts.
f) The safety of the operator
g) The operation of the machine should be simple for small scale or rural farmers.
h) The materials available locally were used in the fabrication of the components.
i) Availability and cost of the materials for construction.
j) Viability of the seed
k) Nature of the seed (orientation of the seed and moisture content)

Design Analysis and Specification of Planter Component

Determination of the capacity of the Hopper
The hopper is a truncated cone which serves as the input unit, so it was designed to
provide smooth supply of groundnut seed into the metering chamber.



SEDARA et al., / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 524-358 327

250 mm
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Figure 1. Hopper design

Considering AMB,

EM_ h
AM  250+h

30_ h

150 260+h

h=52 mm
Therefore, the total height H=52+250= 302 mm.
Volume of hopper = Volume of cone=m 1 h
Where 1=250 mm, h=302 mm
Volume = 3.142 x 250 x 302

=237221 mm?

Shaft Design Calculations and Stress Analysis
The analysis of the linear relationship between the machine shaft loading and stress is
to determine the minimum diameter of the auger driving shaft in the metering unit and
the proper sizing of the machine members to safely withstand the maximum stress
induced within machine members when subjected to separate or combined bending,
torsional, axial or transverse loads.

The stress analysis is broken down into two phases the first being the stress resulting
from each separate loads/ moment and second, the combined stresses acting at a point
to give a resultant stress.

Determination weight of Auger

|
(0]

Outer diameter of Auger (cm) (D)
Thickness of Auger (cm)  (T)
Inner diameter of Auger (cm) (Di) = 7.5

at
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Length of Auger (cm) (L) = 100
Outer radius (cm) (R) = 4
Inner radius (cm) 9] = 3.75

From the data above
Volume of metering Auger could be calculated as:
Volume of metering Auger =mr2 L
=6.0868 x 10* m?
mass (1)

Density of a material is given as according to Khurmi and Gupta, (2005) = i
volume

A relationship for mass therefore could be derived as
Mass = Density of galvanized Steel x Volume of the auger
Since mild steel was used to construct the roller

Density of wood (p) = 160 kg m3

Therefore:

Mass of auger 7800 x 0.0006868

= 4.8076 kg

Weight of auger (W)= mass x acceleration due to gravity
= 4.8076 x 9.81
= 47.16 N

Therefore, total weight acting on each shaft

= Weight of Auger + Weight of chamber + Assumed weight of groundnut seeds
(viability of 3) =(47.16 +1.96 + 45) N=94.12 N

Machine Shaft Design

A shaft is a rotating machine part used for transmitting power and motion from one
point to the other, in this design consideration, a solid shaft is used because of the
following reasons:

1. to ease the conveyance of the cassava tubers;
1. to increase the torsional rigidity of the shaft; and
111, to withstand the axial loads acting on the shaft.

Determining the loading on the shaft
The following are the loading on the shaft:

1. torsional load imposed from the energy input, and

i, bending load imposed by various loading points along the shaft.
While designing the shaft, a factor of safety n = 1.5 is assumed
Forces acting on the shaft are:

1. The Weight of wheel

1. The Bearing Reaction

1ii. The point loads of the cylindrical metering device
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Figure 2. Forces acting on the shaft

where; W;is weight of the Auger acting vertically and Wwis weight of wheel.
The weight of wheel is derived thus:
Wy= Ma= 2.6kg x 9.81=25.5 N

The sum of horizontal forces &) =0
Therefore, Ri—Wi+Ro-Wp;=0,R1—94.12+R2-25.5=0,Ri+R2=119.62 N
Taking moment at R1

Wix06—-Rex1.2+Wpx1.27=0;94.12x0.6 -1.2xR2+25.5x1.27=0
56.472 - 1.2 R2+ 32.385 =0

_ 88.857
W
Therefore, since Ri1+ R2=119.62 N; R1=119.62 — 74.05 N; R1= 45.57 N

Ro ; Ro=174.05 N

Shear Force

Starting from point A

Shear force at point A = 45.57 N

Shear force at point B=45.47—-94.12=-48.65 N
Shear force at point C = - 48.65 + 74.05= 25.4 N
Shear force at point D = 25.5N — 25.5N=0 N

(a) Bending Moment
Calculating Bending Moment;

At A, BMa=0

At point B, BMp=45.47 X 0.6 =27.282 N m

At point C, BMc = 45.47x 1.2 — (94.12 X 0.6) =-1.908 N m

At point D, BMp = 45.47 x 1.27 - (94.12 x 0.67) + (74.05x 0.07) =0 N m
Maximum bending moment (M) = 27.282 N m
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Figure 3. Bending and shear force diagram

(b) Determination of Torsional Moment
The torsional moment acting on the shaft can be calculated from Khurmi and Gupta,
(2005) equation;

M; _ 0P (2)
27N
Where P =Power =750 W (power require to push the planter)
N = Maximum speed of shaft = 700 rpm
Therefore,
_ 750x60
" 27 x700
M:=10.24
Shaft Diameter
Shaft diameter is given by Khurmi and Gupta, (2005) equation;
d® = 22 Wy Mp)? + (KeMy)? 3)
Where d = Diameter of the shaft
Ss= 55x 106 N m=2 (Allowable Shear stress for shaft without keyway)
Kv= 1.5 (combined shock & fatigue factor applied to bending
moment)
Ki= 1 (combined shock & fatigue factor applied to torsional
moment)
My= 27.282 N m?!
M:= 10.23

Therefore,
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3= 16 5 .
d* = —=— [(15x27.282)2+ (1x10.23)
3= __ 16
d?= —2—/1674.60 + 104.65
&= —° _\/1779.34
nx 55 x 106

d= 0.0157m
Applying an assumed factor of safety (u) of 1.5
0.0157m x 1.5= 0.0235 m = 23.5 mm
Based on this calculation, a steel shaft 25 mm was selected for the peeling tools.

Design Conception

The conceptual design details of the two-row groundnut planter are shown in Figure 4.
The machine was designed using AutoCAD 13 software.

Third angle prajectian

10

:-‘lo ; k=] .
% 1 h_‘||
1" .0 «&5?

Al dimansioes in cn I THE FECEASL N IVERSITY OF TECHACLONGY, ANAE |
TITLE [ORTHCNEA APHIC VIEW OF GROLMIRIT PLANTER
NAME/MATRIC i} LA, ADSELNE ABDOUNGACE 2]/ 150m, |
SCRLE I | THEETAD - 1411

VOLOGY, ANRE |

GACUNDRLT FLANTER
AR MATRIC W LATHY EABCOUN (ACEA/ 158, |
sCaLe 1

THRITHO - 2011

Figure 4. Preliminary design of showing the isometric views and orthography view

Performance Evaluation

Figure 5 shows the fabrication of the groundnut planter in the workshop after which
the machine was calibrated using a stopwatch to measure time and making a mark on
the wheel to measure the revolution of the wheel. During experimentation the
groundnut seeds were dropped at points, this point were marked as shown in Figure 6
and the distance between the points was measured to know the intra row spacing while
counting numbers of holes filled with more than five (5) seeds. Three (3) samples of
experiment was performed to evaluate metering efficiency of the machine by varying
speed and time. In preparation of the plot, the land must be a flat surface, minimum
tillage (using cutlass and rake) should have been done before planting as shown in
Figure 7 and Figure 8 shows the testing of the machine on the prepared plot.
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The field efficiency of the planter was determined using Equation (4) according to
Ani et al. (2016).

7 :Tl'_ame (4)

t
where, 7} 1is the time taken for actual planting operation; 7%is the total time taken. The
metering efficiency of the planter would be determined using Equation (5) according to
Ani et al (2016).

Ts _TO

ME = %100 5)

S
MFE is the metering efficiency of the planter, 7% is the total number of holes in the
tested farmland while 7, is the total number of holes with no seed in the tested
farmland.

Data Analysis
Results obtained were subjected to analysis of variance (ANOVA) to get Mean
differences and standard error bars to get the range of the effect of speed on metering

efficiency.

HE e 5

Figure 6. Calibration of the two-row planter
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Figure 8. Testing of the two-row planter (minimum tillage using cutlass and rake for
land preparation)

RESULTS and DISCUSSION

Component Designs

Hopper: The hopper is conical on the inside and constructed to have a conical shape.
The shape is informed by the nature and location of the seed metering mechanism. To
ensure free flow of seeds, the slope of the hopper was fixed at 459, which is modestly
higher than the average angle of repose of the seeds. The material used for the hopper
design was 2 mm thick mild steel sheet metal. The capacity of the hopper was 237221
mm3,

Furrow opener: The type of furrow opener used for this design is the adjustable ‘shovel
type’ furrow opener which gives a ‘v’ shaped furrow opening and is suitable because it
cuts and displaces the soil sideways for easy planting. The material used for the furrow
opener design was mild steel angle iron with dimension 10 mm x 32 mm x 5 mm
thickness while the angle of curvature was 359,

Furrow closer: The furrow closer was also designed to allow for proper covering and
compaction of the soil over the seeds in the furrows. The material used for the design
was mild galvanized flat plate of 20 mm x 3 mm thickness, fabricated as a packer
positioned at the back of the chute.

Seed metering mechanism: The metering mechanism is an essential component in a
planter. It picks the required number of seeds and delivers them into the soil through
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the chute at required depths created by furrow openers. The diameter is 200 mm and
280 mm in length; the metering device as three (3) holes with distance of 120 mm each.
The cells were designed to pick an average of five seeds and drop them at an intra-row
spacing of 120 mm and inter-row spacing of 200 mm. The metering device is attached
vertically on a horizontal shaft driven by the front wheel.

Seed chute: The chute is a tube through which the seeds metered out by the cells travel
before they are deposited into the furrow. The material used for the design is a
cylindrical funnel made of mild steel pipe with a dimension of 22 mm x10 mm x 12 mm.

Wheel: Wheels of larger diameters are to reduce rolling resistance especially in the case
of traction wheels. In this research, the wheel is designed to be a traction wheel to
enhance movement on loose soils. The diameter of the wheel is 30 mm with 110 mm
connecting rod, which cut across the two-row planter. It has edges for effective gripping
on the ground surface. The wheel provides a drive for the metering mechanism through
rotation of the wheel.

Metering chamber: the metering chamber was made to be closed on one side and
adjustable on the other side. The opening at one side helps for ergonomics, to help in
the keying of the metering device. The thickness was 3 mm, 320 mm in length, and 220
mm in diameter.

The handle: The handle is used to provide the push force from a human operator to
move the planter from point to point during planting operation. The handle is adjustable
to take care of differences in height of operators. The hollow pipe was chosen for the
handle because of its high strength and rigidity properties to prevent bending or
breaking during operation. The 30 mm x 100 mm x 3 mm dimension was selected
because of weight considerations to enable ease of operation.
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Figure 9. Different Views of two-row Grouhdnut Planter

Table 1. Result on the Metering Efficiency of the two-row planter

Test Time (s) Speed (m s) Number of holes Numbers of holes Metering
with seeds without seeds efficiency (%)
1 15 0.7 13 1 92.8
2 20 0.45 14 2 87.5
3 25 0.4 17 2 89.5
4 30 0.28 21 3 87.5
5 35 0.29 25 2 92.6
6 40 0.25 28 3 90.3
7 45 0.22 32 3 91.4

Determination of field efficiency
The field efficiency of the planter was determined as 82% using equation 6;

7 =1—ax1oo (6)

t

T, is the actual time taken for the planting operation 45 secs, 7% is the total time
taken 55 secs

n =§><100=82% (7
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Metering efficiency

Table 2 shows the relationship between the machine speed and metering of the
machine. The metering efficiency was determined using Equation 5; for the metering
device with 3 holes. The highest metering efficiency of the planter was 92.8% with
machine speed of 0.7 m s1.

Table 2 shows that the speed of the machine as significant effect on the metering
efficiency with P-value of 5.44E-18. Figure 10 shows how the speed affects the metering
efficiency graphically and standard error bars, it was observed that at the highest speed
of 0.7 m s the metering efficiency is the highest at 92.8% compared to other speed. The
lowest metering efficiency of 87.5% was observed at 0.45 m s! and 0.28 m s
respectively. This means the machine can perform effectively at high speed and improve
the sowing quality.

The manual two-row groundnut planter machine has considerable potential to
greatly increase productivity in Nigeria, helping the farmers to reduce drudgery. Other
countries of the world where the two-wheel tractor is the main traction unit in farming
it can also be in cooperated. The main task now is to promote this technology and have
available to farmers at an affordable price because the materials used for fabrication
are locally sourced. The manual two-row groundnut planter machine can be readily
made from local sourced components and fabricated in the Agricultural Engineering
workshop, FUTA. The only specialized items required are the seed-metering device.

Table 2. ANOVA Table for the effect of speed on metering efficiency of the machine
ANOVA: Single Factor

SUMMARY
Groups Count Sum Average Variance
Speed(M/Secs) 7 2.59 0.37 0.027933
Metering Efficiency (%) 7 613.788 87.68399  7.543948
ANOVA
P.
Source of Variation SS df MS F value Ferit
5.44E-

Between Groups 26683.07 1 26683.07 7047.936 18 4.747225
Within Groups 45.43129 12 3.785941
Total 26728.5 13
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Figure 10. Relationship between metering efficiency and machine speed
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Table 3. Comparable table for manual planter, tractor and seed sowing machine

S/N Parameter Manual Tractor Seed sowing
machine

1 Man power More Moderate Less

2 Time required More Less Less

3 Sowing technique Manually Automatically Automatically

4 Distance between seed Not Fixed Fixed Fixed

5 Wastage of seed Moderate More Less

6 Required Energy High Very high Less

7 Cost of machine Less Very high Very less

Table 3 shows the comparison between the developed planter, tractor-mounted
planter and seed sowing machine. The planter has more improvement in metering
efficiency of 92.8% and field efficiency of 82%, which corresponds to the research of Ani
et al., 2016 with the field test results showed that the planter has a metering efficiency
of 88.94% and field efficiency of 71.86%. This means that there would be an increase in
crop yield, cropping reliability and cropping frequency because of the good metering
efficiency. The machine was made of durable and cheap material affordable for the
small-scale peasant farmers with lesser maintenance cost with overall production cost
of ¥65,480. The seeds can be placed at any required depth because the furrow opener is
adjustable; with this plant, germination can be improved. The requirement of labor also
decreased. It consumes less time for sowing. Seed can be placed uniformly in a row with
the required distance between plants as reported by Kyada and Patel, 2014. The furrow
coverer covers the soil properly and provides proper compaction over the seed.

The planter was tested on a prepared plot to plant groundnut, Figure 12 shows
groundnut plant growth three (3) weeks after planting.

.:.'..;i-:.'-».'a-&i_\ R A -ﬁ'--""*u. x 'éfu‘t&“ S
Figure 12. Groundnut plant growth three (3) weeks after plantlng

CONCLUSION

A low cost two-row groundnut planter has been designed, constructed with locally
sourced materials and tested which is adapted for gardens and smallholder farmers.
The planter could plant an average of five seeds per point. It is simple, cheap and the
ergonomics of the machine were considered which makes it easy to operate. Two-row
planter has the highest metering efficiency of 92.8% with 0.7 m s machine speed using
standard error bars with a field capacity efficiency of was 82%. The ANOVA (analysis
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of variance) shows that speed is a significant effect on metering efficiency with p-value
of 5.44E-18. This planter is economical and can be adopted for planting different
cultivar of groundnut by commercial farmers.
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OZET

Bu ¢alismada, asil kurulus amaci damizlik hayvan ve tohum tiretimi
olarak 2 kisim altinda toplanabilecek TIGEM'in Malatya ilinde
bulunan Sultansuyu Tarim Igletmesi Mudurligi'nin hayvancihik
subesi siit sigirciliglr béluminin girdi ve maliyetlerinin belirlenmesi
amaclanmigtir. 2011-2015 yillar1 aras1 gergek tiretim sartlarinda st
sigircilign  faaliyetine 1iliskin  muhasebe ve igletme kayitlar
kullanilmigtir. 2011-2015 yillar1 aras1 ortalamasi olarak calisma
sonuglari, igletmenin masraf unsurlari arasinda toplam maliyet
%59.6 ile yem masraflari, %19.34 ile teknik eleman ve ig¢i masraflari,
%11.16 ile amortisman giderleri, %6.14 ile diger giderlerin ve ilag
giderlerinin  %3.76’y1  olugturdugu tespit edilmigtir. Gelir
kaynaklarinin ise; %41.76’'lhik kisminin siit gelirleri, %29.52 ile
damizlik ve reforme gelirleri, %20.02 ile ¢ag fark: gelirleri, %8.56 ile
gibre gelirleri ve 0.1 ile sig1ir derisinden olustugu belirlenmistir.
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Determination of Inputs and Costs in Dairy Farms Activities of
Sultansuyu Agriculture Enterprises

ABSTRACT

In this study, it was aimed to determine the inputs and costs of
the milk cattle. section of the animal husbandry. branch. of RESEARCH ARTICLE
Sultansuyu Agricultural Directorate in Malatya province, which
will be able to be gatheredunder 2 parts as the main | Received: 05.08.2020
establishment aim breeding and seed production. In the actual | Accepted: 05.09 2020
production conditions of the years 2011-2015, the accounting and
operating records related to dairy cattle activity were used.
According to results 2011-2015 averages; percentage of total cost

of the enterprise's costelements was found to be 59.6% forfeed Keywords:

costs, 19.34% fortechnical staffandlabor costs, 11.16% > Economic analysis
foramortization expenses, other expenditures with 6.14% and . ’
drug costs with 3.76%. Income sources were determined as > Dairy cattle,
41.76% milk incomes, 29.52% breeding and reforming incomes, | * Milk cost,

20.02% ages difference incomes, 8.56% fertilizer incomes and 0.1 | » Agricultural

and cattle breeds. enterprises
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Farms Activities of Sultansuyu Agriculture Enterprises. Turkish Journal of Agricultural
Engineering Research (TURKAGER), 1(2): 339-353.
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GIRIS

Hayvansal iretimde ilk istenen kosul et ve slit verimi yiiksek irklarla yetistiricilik
yapilmasidir. Ikinci olarak hayvanlarin yeterli ve dengeli beslenerek hayvanlarin
bireysel potansiyelinden en yiiksek diizeyde yararlamilmasidir. Ugiincii olarak ise
hayvansal Gretimde en biyiik kayiplarin yasanmasina sebep olan hastaliklara kars:
koruyucu saglik onlemlerinin alinmasi ve hastaliklarin erken teghis edilerek gerekli
miidahalenin aninda yapilmasiyla saghk giderlerinin en aza indirilmesidir (Ozgiiven,
2017). Hayvancilik sektorii; niifusun beslenmesine katkisi yaninda, degisik iiretim
kollarina hammadde saglamasi, istihdam, lojistik sektoriin ve perakendeciligin
gelismesine sagladigi deger artislari, kirsal kalkinmanin gerceklestirilmesi, kalkinma
finansmaninin 6z sermayeye dayandirilmasi gibi 6nemli ekonomik fonksiyonlar
iistlenmistir (Anonim, 2015a). Tarimsal iiretimin siirdiiriilebilirligi acisindan cok
onemli olan hayvancilik faaliyeti, bitkisel tiretimin yaninda yapilmasiyla insan gidasi
olarak tiiketilemeyen mera bitkileri, diger kaba yemler, tarimsal tiriin ve gida sanayi
artiklarinin degerlendirilmesi saglanmakta ve tarim igletmelerinin ekonomik olarak
faaliyetini yilin her doneminde gerceklestirebilmesi saglanmaktadir.

Yeterli ve dengeli beslenme bireylerin saglhiginin korunmasi ve geligtirilmesinde
onemli rol oynayan besinler dort gruba ayrilmistir. Bu dort besin grubu; et ve et
urinleri, siit ve sit Urtinleri, sebzeler ve meyveler ile ekmek ve tahillardir. St ve sit
urlinleri grubunda yogurt, peynir ve siit tozu gibi sutten yapilan besinler yer
almaktadir. Bu besinler protein, kalsiyum, fosfor, B2 vitamini ve B12 vitamini olmak
tizere bircok besin 68esinin 6nemli kaynagidir (Unal ve Besler, 2008). Hayvansal
besinlerdeki protein miktarlar ette %15-20, balikta %19-24, yumurtada %12, siitte %3-
4, peynirde ise %15-25'dir. Saglik agisindan kirmiz1 et, beyaz et, slit, yumurta gibi
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hayvansal Urlinlerin diizenli olarak tiiketilmesi gerekmektedir. Ancak, tlkemizde
tiketilen gunlik protein miktarimin %73'a bitkisel kodkenli gida maddelerinden
karsilanmaktadir (Anonim, 2013a). Yapilan arastirmalarda yetiskin bir insanin giinliik
70 g protein tiiketmesi gerektigi ve bunun %40 1min hayvansal kékenli proteinlerden
olusmasi gerektigi belirtilmektedir. Bu da sadece et, siit, yumurta ve bal gibi hayvansal
kaynakli proteinlerden saglanabilmektedir. Ancak hayvansal kaynakli gidalarin
bitkisel kaynakli gidalara oranla daha yliksek maliyet ve daha karmasik bir Gretim
planinin olmasi, hayvansal kaynakli gidalarin fiyatlarinin daha ytiksek olmasina sebep
olmaktadir. Bu sebepledir ki hayvansal tiriinlerin tiketiminin arttirilmasi, hayvan
varhiginin arttirilmasi ve ulasilabilir diizeye getirilmesiyle miimkiin olabilmektedir
(Anonim, 2015b).

Basta et, slit ve yumurta gibi gida maddeleri olmak tizere insanlarin 6nemli
ihtiyaclarini kargilayan hayvancilik, tarimin 6nemli alt sektorlerinden biridir. FAO
verilerine gore 2013 yilinda tarim sektori diinya gayri safi hasilasinin %3,1’ini
olusturmakta, hayvancilik sektérii ise tarimsal gayri safi hasilasinin  %38’ini
olugsturmaktadir. Bu oran AB ilkelerinde %55, ABD’de %49 iken gelismekte olan
iilkelerde yaklasik %36 civarindadir (Anonim, 2015c¢). Gelismis iilkelerde ortalama sig1ir
karkas agirligi 250 kg dolayinda iken, tilkemizde 160-170 kg’dir. Sigir bagina laktasyon
stit verimi bu ulkelerde ortalama 5000-6000 kg olup, tulkemizde 1400-1500 kg’dir.
Ulkemizde hayvansal iiretimin gelistirilmesi amaciyla hayvan 1slahi, hayvan hastalik
ve zararlilariyla micadele, mera kullaniminin diizenlenmesi ve yem bitkileri
iretiminin arttirilmasi ile yayim hizmetleri yayginlastirilmalidir (Anonim, 2000).

Ulkemizdeki siit tiretimine iligkin toplam isletme sayis1 diger tilkelere kiyasla
oldukca yuksektir. Ancak igletmelerin sahip olduklar1 hayvan sayilarina gore
kapasiteleri gruplandirildiginda ilkemizde c¢ok sayida kiigiik 6lgekli siit igletmesi
oldugu goriulmektedir. AB tiye tilkelerinde ciftlik basina diisen siit inegi sayis1 32,2 iken,
tiilkemizde bu ortalama 4.5 bas civarindadir. Ulkemizde 1,3 milyon olan siit isletmesi
sayisinin %801 1-10 bag aras1 hayvana sahipken, igletmelerin %20’lik bir kism1 10 ve
daha fazla hayvana sahip ciftliklerden olusmaktadir. Isletmelerin sahip olduklar:
hayvan sayilarina gore kiicik olmasi; girdi maliyetlerinin yiiksek olmasina, siit verimi
yiksek sigir irklarinin temininde giigliiklere, siit ve siit tirtinlerinin pazarlanmasi ve
genel anlamda sut sigirciliginin etkinligi ve verimliligini saglayacak olan érgiitlenmede
giicliiklere neden olmaktadir (Anonim, 2013b).

Sut sigir yetistiriciligi uzun vadeli planlamay1 gerektiren bir yatirim kararidir.
Dolayisiyla yatirim déoneminden baglayarak yatirim maliyeti ile birlikte ortaya ¢gikacak
biutin gelir ve giderlerin g6z o6nlinde bulundurulmasi gerekmektedir. Yatirim
déneminde insaat ve makine ekipman maliyetleri 6nemli yer tutmaktadir. Uretim
déneminde ise, y1llik direkt ilk madde malzeme (yem) maliyetleri, direkt iscilik, sigorta,
suni tohumlama, veteriner ve ilag, elektrik, su, yakit, bakim ve amortisman maliyetleri
gibi birgok maliyet unsuru s6z konusu olmaktadir. Bu maliyetlere kargin temel gelir
kalemi stuittir. Siit satisindan elde edilen gelirin yani sira kasaplik ve damizlik hayvan
satisindan elde edilen gelirler (reforme inek, disi ve erkek buzag: satis1) yillik tesvik
gelirleri ve giibre satig gelirleri siit inekgiligi tretim igletmelerinin temel gelir
kaynaklarii olusturmaktadir (Hacthasanoglu, 2015).

Turkiye’de farkli illerdeki sigircilik igletmelerinin yapisal durumlarini ve irk
tercihlerini belirlemeye yonelik olarak daha onceki yillarda yapilmis ¢alismalar
bulunmaktadir. Bu tip c¢alismalarin daha yaygin sekilde ve belirli araliklarla
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tekrarlanmasi, alandaki verilerin giincellenmesi, sektérdeki mevcut durumun tespiti,
zaman icerisindeki degigimlerin takip edilebilmesi ve sorunlara ¢ozlimler Giretilebilmesi
yaninda gelecege yonelik gercek¢i planlamalarin yapilabilmesi icin de 6nem arz
etmektedir (Seker ve ark., 2012).

Bu calisma, Tarim Isletmeleri Genel Midiirligine (TIGEM) bagh olan Malatya ili
Akcadag ilcesinde yer alan Sultansuyu Tarim Isletmesi Midiirliigii'nde 2011-2015
yillar1 arasi siit sigircilig: faaliyetinde girdi ve maliyetlerin belirlenmesi i¢in maliyeti
olusturan masraf unsurlari, yem giderleri, saghk giderleri ve gelir kaynaklar1 alt
basliklar halinde incelenmis ve isletmenin verimlilik rantabilite iligkisi
degerlendirilmistir.

MATERYAL ve YONTEM

Calismanin ana materyalini Malatya ili Ak¢adag ilgesinde yer alan Tarim Isletmeleri
Genel Mudiirligi'ne (TIGEM) bagh Sultansuyu Tarim Isletmesi'nin (Sultansuyu TIM)
Yenikoy arazileri igerisinde yapilan hayvancilik faaliyetleri igerisinde yer alan 247 ana
kadroluk Montofon (Brown Swiss) cinsi siit sigircilign faaliyetine iliskin muhasebe ve
isletme kayitlar: olusturmaktadir.

Isletmede sigircilik subesinde 1 Adet 90 BG ve 1 Adet 55 BG olmak tizere 2 adet
traktor, 1 adet 12 m2 ve 1 adet 15 m?2 olmak tizere 2 adet yemleme vagonu, 1 adet siyirg:
1 adet 12’11 siit sagim tesisi ile 2 adet 4’er tonluk siit sogutma tanki bulunmaktadir.
Isletme 2017 yih itibariyle 300 bas ana kadro ve toplam 650 bag sigir varhig ile
hayvancilik faaliyetini sirdirmektedir.

St sigirlarinin bulundugu tesiste giindiiz ve aksam vardiyalarinda ilk olarak sagim
gerceklestirilmektedir. Gruplar halinde kendilerine ait padoklarda bulunan inekler
yine gruplar halinde sagim tesisine yonlendirilip 12’li siit sagim tesisinde sagimlar
gerceklestirilmektedir. Gruplar halinde sagim tesisine yonlendirilen hayvanlar
bulunduklar1 padoklar: terk ettigi andan itibaren 55 BG’lik traktor sigirlarin sagim
dontisii temiz ve ferah bir ortama doniis yapabilmesi icin sagim bitene kadar 3 nokta
aski sistemine bagli bir siyirgi ile temizligi gergeklestirmektedir. Sagim sonrasi yeme
ve suya ihtiya¢ duyan hayvanlarin bu ihtiyaclarini aninda gidermek i¢in 1 adet 90
BG’lik traktor cekilir tip yemleme vagonu ile hayvan basina 4.5 kg kesif yem, 1 kg
yonca, 1 kg hasil fig, 1 kg cayir otu ve 10.5 kg silaj olacak sekilde ayarlanmis rasyonu
sagim esnasinda yemliklere dagitmaktadar.

Sit sagim tesisinde sagimin yani sira hasta hayvan tanima, sagilmayan hayvan
bildirim sistemi, siit verimi diisen hayvan bildirim sistemi ve her bir hayvan i¢in siit
verimi 6lgme sistemi bulunmaktadir. Sagim esnasinda hayvanlardan elde edilen siit ilk
olarak sagim tesisinde bulunan 60 I'lik kii¢ciik tanka aktarilmaktadir. Tank dolunca
samandira yardimiyla pompa c¢alistirthp blyik sogutma tanklarina st
gonderilmektedir. Sogutma tanklarina araliklarla gelen siit sogutma tanklarinda
4°C’ye kadar sogutulup sistem otomatik olarak durmaktadir. Sicaklik 4°C'nin ustiine
caktiginda, sogutma sistemi otomatik bir sekilde tekrar calisip sicakligin tasima
araglarina nakline kadar 4°C’de tutulmasi saglanmaktadir. Bu sekilde sagim
sisteminde sagim tamamlandiktan sonra, sogutma tanklarinda ise nakil isleminden
sonra sistemin temizleme mekanizmasi devreye girip 6nce soguk suyla durulama
yapilmakta ardindan sicak su dezenfektan ile birlikte biuitiin sistemi dolagip sistemin
temizligi yapilmakta ve son olarak soguk su ile tekrar durulama yapilmaktadir. Sagim
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sisteminde ek olarak fanlar yardimi ile borularda sivi kalmayacak sekilde sistemin
kurulamasi saglanmaktadar.

Tarim igletmeciligi alaninda yapilan arastirmalarda, materyalin toplanmasi
asamasinda uygulanabilecek g¢esitli yontemler bulunmaktadir. Bunlar; Muhasebe
Kayitlarindan Yararlanma, Direkt Miilakat Yontemi ve Posta Surveyi olarak
siralanmaktadir (Cicek ve Erkan, 1996). Direkt miilakat yonteminin maliyet, zaman,
olas1 yanlilik, kayith veya yazili bilgileri kullanamama, zaman ayirma glcligu,
gizliligin ortadan kalkmasi, soru standardinin olmayisi ve bireylere ulagma gii¢liigi
gibi dezavantajlar1 bulunmaktadir (MEB, 2012). Posta surveyi yéntemiyle toplanacak
anket verilerinin ureticilerin egitim eksikligi, kayitsiz kalma, sorularin yanhs
anlagilmasi ya da anket formlarinin geri donmemesi gibi olumsuz yonleri
bulunmaktadir. Ayrica cari tarimsal Uretim istatistikleri il/ilge Tarim Mudurliga
calisanlarinin kendi bolgelerindeki izlenimlerine dayandigindan objektif metotlarla
olciilecek degerlerle aralarinda farklar olabilecegi diisiiniilmektedir (Giines ve Arikan,
1985).

Sultansuyu Tarim Igletmesinde 2011-2015 yillar1 arasinda gercek tiretim
sartlarinda siit sigirciligr faaliyetine iliskin tutulan muhasebe ve isletme kayitlar
kullanilarak yapilan ekonomik analiz ile siit sigirciligr faaliyetinin karlhilik durumu
incelenmigtir. Siit sigirciligr tesisindeki faaliyetlerin girdi ve maliyetlerinin
belirlenmesi amaci ile maliyeti olusturan masraf unsurlari, yem giderlerinin, saglik
giderlerinin, diger giderlerin ve gelir kaynaklarinin detayli bir sekilde incelenmesi ve
BBHB diisen miktarlarinin hesaplanmasiyla olusturulmustur. Hesaplamalarda
asagidaki formiiller kullanilmistir. Burada Biiyiikbas Hayvan Birimi (BBHB) (Erkus
ve ark., 1995), Alet ve Ekipmanlarin amortisman gideri (EKA) (Aras, 1988) ve Makine
Degerleri Toplami (MDT) (Aras, 1988).

EKA
BBHB = - -
Isletmedeki Toplam Hayvan Sayisi 1)
MDT =20 — MDT =9,85
EKA =

100 (2

Yil icindeki Diger Masraflar — Yan Gelirler
Bir Yillik Toplam 5iit Uretim Miktar: (3)

1 Kg Siit Maliveti =

Calismada 2011-2015 yillar1 esas alinmis olup isletmenin muhasebe kayitlari
hayvancilik subesinin tuttugu kayitlar esas alinarak veriler analiz edilmigtir. Elde
edilen sonuclar Sultansuyu tarim isletmesi siut sigirciligl faaliyetinde girdi ve
maliyetlerin belirlenmesinde kullanilmagtir.

BULGULAR ve TARTISMA

Maliyeti Olusturan Masraf Unsurlar:

Maliyeti olusturan masraf unsurlari is giicii gereksinimleri, yem giderleri saghk
giderleri ve diger giderler baghklar: altinda bir araya getirilmigtir. Sultansuyu tarim
isletmesi mudirligi sit sigirciligl ve damizlik Limousin yetistiriciligi iglerini tek c¢ati
altinda yurtttiginden giderler ve gelirlerde hayvancilik subesi olarak tek cati altinda
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toplanmigtir. Siit sigirciligt maliyetleri hesaplanirken Biiyiik Bas Hayvan Birimi
(BBHB) g6z oniinde bulundurulmustur. Aras (1988), BBHB hesaplamasinda buzagilar
icin (0-6 aylik) 0.20, gen¢ hayvanlar icin (7 -12 aylik) 0.40, dana ve diiveler i¢in (12 - 24
aylik) 0.70, inekler icin (24 + ayhk) 1.0, bogalar i¢in 1.20 katsayilarinin kullanilmasini
bildirmis olmasina ragmen, Sultansuyu Tarim Isletmesi Miidiirliigi tarafindan uzun
yillar inek, dana-diive, buzagr agirhklari ve yem tiiketimlerini gbéz Oniinde
bulundurularak kendi BBHB katsayilarini olusturmus ve bu calismada da BBHB
hesaplanirken bu katsayilar kullanilmigtir.Bu katsayilar, inek ve bogalar 1 birim, diive
ve tosunlar 0,6 birim, danalar 0,45 birim, buzagilar 0,2 birimdir. 2015 Yilinda isletmede
bulunan hayvan irklari1 ve hayvan hareketleri Cizelge 1 ve Cizelge 2’de verilmigtir.

Cizelge 1.Sultansuyu tarim isletmesi2015 yili sigircilik hareketleri (Esmer Irki)
Table 1. Sultansuyu agricultural enterprise 2015 cattle movements (Brown Swiss Race)

Boga Inek gsg: Diive ]]i‘.)r:s: Digi Dana ]]?::111.1::21 Bﬁglgl Toplam
Yilbagi Mevcudu 0 253 0 112 7 44 45 42 503
Satin Alinanlar 0
Doganlar 113 94 207
Cagdan Gelenler 1 50 15 83 74 92 315
Girigler Toplam1 1 303 15 195 81 136 158 136 1025
ggf‘;:ﬁ:r 1 42 0 7 2 1 1 2 56
Diger Isl. Giden 18 13 31
Dam. Satilanlar 25 25
Kesilenler 0 1 0 1 0 10
Olenler 0 0 1 11 1 16
Caga Gidenler 1 50 15 83 74 92 315
Cikislar Toplam1 1 53 1 82 36 85 100 95 453
Yilsonu Mevcudu 0 250 14 113 45 51 58 41 572

Cizelge 2. Sultansuyu tarim isletmesi 2015 yili sigircilik hareketleri (Limousin Irki)
Table2. Sultansuyu agricultural enterprise 2015 cattle movements (Limousin Race)

Geng Dii Erkek Disi Erkek Disi

Bogn Il Boga Ve Dana Dana __ Buzag Buzaf agalatia
Yilbagi Mevcudu 0 64 0 40 7 3 9 11 134
Satin Alinanlar 0
Doganlar 31 32 63
Cagdan Gelenler 0 21 10 13 27 26 97
Girigler Toplam1 0 85 10 53 34 29 40 43 294
Reforme Edilenler 0 11 0 0 0 0 0 1 12
Diger Isl. Giden 6 6
Dam. Satilanlar 0
Kesilenler 0 1 0 0 0 0 0 0 1
Olenler 0 1 0 1 0 0 1 2 5
Caga Gidenler 0 21 10 13 27 26 97
Cikislar Toplam1 0 13 0 22 16 13 28 29 121

Y11 Sonu Meveudu 0 72 10 31 18 16 12 14 173
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Cizelge 1 ve Cizelge 2'de yer alan verilere gore Sultansuyu Tarim Isletmesi
Midirluginde 2015 Yilindaki Montofon 1irki BBHB 389,2 Limousin irk1 BBHB 177,1
olmak tlizere toplam BBHB 566,3 tiir.

Is Giicii Gereksinimleri

Teknik Eleman ve Ig¢i Masraflar

Sultansuyu Tarim Igletmesi 2011-2015 yillar1 aras: calisan sayilar: Cizelge 3'de ve
Cizelge 4’de ise 2011-2015 yillar1 aras1 personelin aldig: licretlerin igletmeye yansiyan
toplam yiki asagida gosterilmistir.

Cizelge 3. Sultansuyu tarim igletmesi 2011-2015 yillar1 aras: ¢alisan sayilar
Table 3. Sultansuyu agricultural enterprise number of employees between 2011 and
2015

2011 2012 2013 2014 2015

Teknik Eleman Sayis1 2 5 7 7 3
Kadrolu Isci Sayis1 5 4 3 3 2
Taseron isgi Sayis1 12 15 15 13 13

Cizelge 3’deki calisan sayilari incelendiginde, 2015 yili baz alimirsa sigircilik
faaliyetlerini yiiriiten ve sube sorumlulugunu tasiyan 1 Ziraat Mithendisi (Zooteknist),
hayvanlarin hastalik, tohumlama, rasyon ve verim takibinde bulunan 2 veteriner saghk
teknisyeni, isin ve isgilerin ig bélimil ve takibinden, yemlemenin yapilmasindan ve
sagimin dogrulugunun kontroliinden sorumlu 08:00-16:30 saatleri arasi 1 Kahya 16:30-
00:00 saatleri aras1 1 Kahya olmak tizere 2 Kahya, bakim, yem dagitimi ve sagimdan
sorumlu iki vardiya halinde ¢aligan toplam 13 taseron is¢i ve 00:00-08:00 saatleri
arasinda gindiz sagim hazirhgi, bekeilik, acil durumlarda haber ve miidahale i¢cin 1
tageron isci sigircilik subesinin igs¢i masraflarini olusturmaktadar.

Cizelge 4. Sultansuyu tarim isletmesi 2011-2015 yillar1 aras: personel maliyeti (TL)
Table 4. Sultansuyu agricultural enterprise personnel cost between 2011 and 2015 (TL)

2011 2012 2013 2014 2015
Memur 69.625,6 188.080,2 311.577,4 358.314,0 186.961,3
Daimi Tgciler 189.217,8 178.026,2 170.407,2 165.316,3 141.567,2
Tageron Tsciler 189.275,3 216.359,7 240.215,8 212.139,6 222.007,5

Ekipman Masraflari

Alet ve ekipman masraflar igletmede o y1l mevcut olarak kullanilan traktor yemleme
vagonu, tesviye kiiregi (siyirg), siit sagim makinasi vb. gibi hayvancilik faaliyetlerini
sirdiirmede kullanilan ana ve yardimci alet ve ekipmanlarin amortisman
degerlerinden sermaye faizi (Anonim, 2017a) diisiilerek hayvan basina diisen masraf
orani (BBHB) bulunmustur. Ayrica Alet ve Ekipmanlarin amortisman gideri (EKA)
(Anonim, 2017b) hesaplanmistir.

Yem Giderleri

Hayvan basina diisen yem giderlerini kuru ot, yonca ve hasil fig balyasi, misir silaji,
posa ve kesif yemler olusturmaktadir. Yemlerin 6nemli bir miktar:1 bitkisel tretim
faaliyetlerinin sonucu olarak, isletme tarafindan kargilanmaktadir. Isletme tarafindan
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kargilanan bu yemler iretim maliyetleri belirlenip sigircilik subesi masraflar: olarak
kaydedilmektedir. Isletme tarafindan karsilanmasi miimkiin olmayan kesif yem gibi
gida maddeleri de ihale yolu ile serbest piyasa ureticilerinden temin edilmektedir.
Hayvanlara verilen yem miktar: giderleri BBHB Igletme tarafindan karsilanan BBHB
ile disaridan temin yolu ile BBHB’nin toplamiyla elde edilmigstir.

Isletmece Kargilanan Yem Masraflar

Bitkisel tiretim faaliyetleri arasinda yer alan sap balyasi, yonca balyasi, hasil fig balyas:
ve misir silaji tiiketim miktar: Cizelge 5’de verilmistir. Bu kalemler igletmenin kendi
imkanlar: ve arazilerinin kullanimi ile elde edilen yem cesitleridir. Toplam maliyetler
isletme muhasebe kayitlarindan yararlanilarak BBHB belirlenmigtir.

Cizelge 5. Sultansuyu tarim igletmesinde tretilen yemler ve tiretim maliyetleri
Table 5. Feed and production costs produced in Sultansuyu agricultural enterprise

Isletmece 2011 2012 2013 2014 2015

Kargilanan  Mijktar Tutar Miktar Tutar Miktar Tutar Miktar Tutar Miktar Tutar
Yemler  (kg)  (TL)  (kg) (TL)  (kg) (TL)  (kg) (TL)  (kg)  (TL)

Cayir Otlar: 26.378 6.856  283.564  159.929  53.661 8.049  19.950 3.990  16.244 29.727
g‘:"ca veRKuru 515979 211100 295458  117.250  400.743  179.088  235.102 75.267 316.568  149.505
Fig Otu 276.447  124.542  362.998  130.750  102.060  15.309 377.627  100.575 260.854 52.464
Korunga Otu  103.706  25.242 84.086 23493 100.008  20.000 105.000  21.000 145.000 29.405

Maisir Silaj 1.306.241 384.734,95 1.597.214 353.690,76 1.458.324 380.186,84 1.520.810 487.332,71 1.769.260 629.980,50
Toplam 2.255.044 752.483  2.623.320 785.114 2.114.796 602.633 2.258.489 688.165 2.507.925 891.081,5

Digaridan Temin Yoluyla Olugan Yem Masraflan
Isletmenin kendi imkénlariyla elde edemedigi ancak siit verimini arttirmak, dengeli
beslenmeye yardimci olmak ve yeterince iyi rasyon diizeyini elde etmek i¢in ihale veya
teklif yolu ile digaridan alinan muhtelif posa ve kesif yemlerdir (Cizelge 6). Satin alinan
yem miktarlar1 ve fiyatlar1 igsletme muhasebe kayitlarindan yararlanarak elde
edilmekle birlikte BBHB buradan hesaplanmistir.

Cizelge 6. Disaridan temin ile alinan yemler ve tutarlari
Table 6. External feeds takenand their amounts

Digaridan 2011 2012 2013 2014 2015
Kargilanan  Miktar Tutar Miktar Tutar Miktar Tutar Miktar Tutar Miktar Tutar

Yemler (g) (TL) (kg) (TL) (kg) (TL) (kg) (TL) (kg) (TL)
?E?Sﬂajla”e 809023,0 97475,3 1159888,0 2819776 254566,0  6420,1 547680,0 164294 161149,8  6759,1
Siit Yemi 536988,0 313434,1 591562,0 4947415 691917,0 499200,3 685160,0 522168,5 642390,0 475703,3
Besi Yemi 226756,0 126700,7 224361,0 145302,0 233912,0 147677,9 174292,0 116291,0 170681,0 111667,4

Biiyiitme Yemi 38756,0 23918,1 72020,5 48973,9 104916,0 72683,6 94800,0 62937,3 135179,0 94920,0

g;g;;;lam 137087,0 75211,1 2145885 1465784 117059,0 83577,6  237289,0 1520450 171272,0 107937,0
Toplam 1748610,0 636739,2 2262420,0 1117573,5 1402370,0 8095594 1739221,0 869871,2 1280671,8 796986,9
Saglhk Giderleri

Saglik giderlerini hayvanlar i¢in kullanilan yanikara, sap, sigir vebasi gibi rutin agilar,
hasta bakim ve tedavi ilaglari, dig parazit icin karasinek micadelesi hastalik
taginmasini 6nleyici dezenfektanlar ve siit sagim makinasinda kullanilan kimyasallar
olugturmaktadir.
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Tla¢ Giderleri

Sigirlarinda insanlarda oldugu gibi belli bagh hastaliklara karg: bagisiklik kazanmasi
icin as1 uygulamas: yapilmaktadir. Isletmede veteriner saghk teknisyenleri tarafindan
diizenli olarak yapilan bu agilar kulak numarasi, yapilan agi ¢esidi ve aginin uygulama
sekli olarak igletme ag1 takip cetvellerine not alinmakta ve kayitlar:1 tutulmaktadir.
Hastalik etmeni tasiyan sinek ve bunun gibi bircok hagereye karsi isletme belirli
araliklarla ilaclanmakta ve hasere miicadelesi stirdirilmektedir.

Sultansuyu Tarim Isletmesi Miidirligi Sigircihk Tesisleri hastaliklardan ari
isletme sertifikasina sahip bir isletmedir. Hastaliklardan ari diger isletmeler gibi
Tarim ve Orman Bakanligi’'nin Resmi gazetede yayinlanan hayvancilik desteklemeleri
hakkinda uygulama esaslar1 tebligi (Teblig no: 2015/17) (Anonim, 2017c)
Hastaliklardan ari yéonetmenligine uygun olarak 22. madde dogrultusunda agilar bagh
bulunan ilgedeki Ilge Tarim Midiirligiiniin denetimi ile diizenli olarak yapilma yoluna
gidilmigtir. Bu dogrultuda ilaglar belirli 6l¢iilerde temin edilerek igletme biinyesinde
tutulmak yerine as1 programindan hemen 6nce kullanilacak asiya gore teklif yolu ile
yukli alimlar yapilmigtir. Muhasebe kayitlarinda mevcut olan bu alimlar isletmedeki
hayvan sayisina boliinerek BBHB elde edilmektedir.

Sagim ve Temizlik Kimyasallar1 Giderleri

Sagim tUnitesi dikkatli kullanilmayip dezenfektani yeteri diizeyde yapilmazsa
bakteriyel ve viral hastaliklara ve zararlilara karsi ana tasiyici ve barindirici etken
olabilir. Arastirmalar sirasinda gozlemlenen ve sagimcilarla yapilan goérismeler
neticesinde her sagimda sagimci once ellerini dezenfekte etmekte daha sonra
c¢izmelerini ve sagim Onliigiinin dezenfektesini yapmaktadir. Sagim sirasi ile geng
hayvanlar, yash hayvanlar, tedavi gormiis hayvanlar ve son olarak hasta hayvanlar
seklinde uygulanmaktadir. Sagim bittikten sonra ise meme basglar1 mastitis olusumunu
engellemek i¢in jel bir dezenfektanla kaplanmakta ve son olarak sagim tesisi ile birlikte
slitlin gectigi blitiin sistemin temizligi ve dezenfektani saglanmaktadir.

Diger Giderler

Sigircilik faaliyetlerini dogrudan veya dolayli yoldan etkileyen toplam maliyeti
olusturan masraf unsurlarinin yaninda c¢ok daha diisik ytzdelere sahip olan bu
giderler akaryakit, madeni yaglar, yedek parcalar, elektrik ve su lcretleri, ingaat bakim
ve onarim masraflari, kirtasiye giderleri, hayvan althiklar: olarak siralanabilmektedir.
Dogrudan etkileyen ve sigircilik faaliyetlerinde kullanilmas: gereken tiretim dis1 atil
durumdaki arpa ve bugday saplarinin kullanilmasiyla olugan hayvan altliklarim
disarda tutacak olursak bu masraflar herhangi bir lretim subesinde oldugu gibi
hayvancilik subesini de dogrudan ilgilendirmediginden o6ncelikle baska bir hesapta
yilsonuna kadar toplanarak yilsonunda sube dagilimlariyla masraf kaydi olarak gecen
giderlerdir.

Gelir Kaynaklan

Herhangi bir siit sigircilig: isletmesi gibi Sultansuyu Tarim Isletmesi Miudiirlagi Stt
Si1gircilig tesislerinde de bir¢ok kalem halinde bulunan gider kaynaklarina karsgin gelir
kaynaklar1 siut gelirleri, desteklemeler, giibre gelirleri, kasaplik ve buzag1 gelirleri
olarak siralanabilmektedir.
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Siit Gelirleri

Yapilan gozlemler sonucu modern tesislerde el degmeden tretilen siitler sagim sonunda
stok tanklarina iletilerek satisa hazir hale getirilmistir. Isletme sube sefi ile yapilan
gorismelerde sit satiglari her yil 6ngorilen siit tGretimi miktarina gore ihaleye
cikilarak gerekli igsletme ve sut isleme belgelerini tasiyan firmalara satigsa sunuldugu,
tanklarda bekletilen sitler isletmeden kaynaklanan herhangi bir ariza olmadig:
muddetge i1haleyi kazanan firma sorumlulugunda oldugu, ilgili firma her aksam
sagimindan sonra siitlin nakliyesini yapmakla mesul oldugu, yapmadig1 takdirde
imzalanan s6zlesmeye gore tiretilen toplam siit miktarinin odlgiilerek ticretinin firma
teslim almisg gibi fatura kesilecegi bilgilerine ulagilmistir. Ayrica tiretilen siitten; yogurt
ve benzeri Urinlere donistiirilmek ve isletme lojman sakinlerine satilmak tizere
istenilen miktarda igletme faydalanma hakkina sahip oldugu da belirtilmigtir. 2015
yilinda tiretilen stit miktarinin bu tirde satig1 1,29 TL kg 6zel sektore satig fiyat1 1,06
TL kg olarak belirlenmigtir. 2011-2015 yillar1 aras1 toplam siit iretim miktari, sit
gelirleri ve dagitim yerleri Cizelge 7’de verilmigtir.

Cizelge 7. 2015 yil1 toplam siit Giretim miktari, siut gelirleri ve dagitim yerleri
Table 7. 2015 Total milk production, milk revenues and distribution locations

2011 2012 2013 2014 2015
kg TL kg TL kg TL kg TL kg TL

Déhilde _ _ ,

) 61.070 39.69550  58.248 46.598,40  64.937  57.144,56  54.327  54.870,27 55389  58.712,34
Satilan Siit
g;:rl_ll‘;iSut 900.394 648.283,68  976.085 878.476,50 1.129.840 1.197.630,40 1.290.880 1.523.238,40 1.224.675 1.579.830,75
Peynir
imaline 14540  10.468,80 1.700 1.802,00
Verilen Siit
el 59.240 0  98.065 0 106.175 0 179.607 0 78977 0
Igirilen Siit
Toplam

inekSﬁtﬁ 1.035.244 698.447,98 1.132.398 925.074,90 1.300.952 1.254.774,96 1.424.814 1.578.108,67 1.360.741 1.640.345,09
Istihsali

Damizlik ve Reforme Gelirleri

Damazlik ve reforme gelirleri, bir siit sigircilig1 tesisinde 6nem siralamasi yapacak
olursak siit gelirlerinden sonra ikinci sirada yer alacaktir. Isletme tesis kapasitesi
fazlalarinin diger igletmelere gonderilmesi, bakanligin belirli dénemlerde yaptig:
calismalar sonucu vatandasa hibe edilip bakanhga fatura edilmesi, isletme disinda
vatandasa ve 6zel firmalara satilmasi sonucu elde edilen gelirlerdir.

Dogan erkek yavrular nadir durumlarda (Boga istasyonunca sperma sagimi igin
kullanilmadikca) damizhk olarak satisa sunulmustur. Damizhk fiyatlan
hastaliklardan ari isletme olmasi ve ustiin vasifli hayvanlar yetistirilmesi sebebiyle
bitiin TIGEM’de Tirkiye geneli hayvan piyasasinin istiindedir. Isletmede dogan
buzagilarin siitten kesildikten sonraki doénemlerde veya Genel Mudirlikce ve
Bakanlikca belirlenen politikalar geregi dana, diive veya genc¢ boga olarak satisi
gerceklesmigtir.

Sagim kayitlarinin tutulmasi ve her giin incelenmesi sonucu siit verimi ekonomik esgigin
altina diigsmus inekler ile beraber birkac¢ kez tohumlama denenmesine ragmen gebeligi
gerceklesmemis yapilan incelemeler sonucu kisir oldugu kesinlesmis diiveler reforme
olarak ayrildiktan sonra agik arttirma yolu ile satigsa sunulmustur.
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Tegvikler ve Diger Gelirler

Bagbakanlik Mevzuat1 Gelistirme ve Yayin Genel Mudurligiince yayinlanan 28612
nolu Resmi Gazetede (Anonim, 2017d) 2013 yilinda yapilacak tarimsal desteklemelere
iligkin Bakanlar Kurulu karar1 c¢ergevesinde; hastaliklardan ari saghk sertifikasini
elinde bulunduran ve buytikbas hayvan sayis1 500’4 ge¢cmeyen isletmelere yas1 alt1 ay1
gecmis bogalar hari¢c tim sigirlar icin 375 TL basg! ayrica onayli siit ¢iftligi olmasi
halinde ise ilave 50 TL bag?® destekleme 6demesi yapilacagi bildirilmigtir. Biiylikbasg
hayvan sayis1 501 ve tizerinde olan igletmeler i¢in bu 6demelerin %50’sine karsilik gelen
tutarinca yapilacagi bildirilmigtir. Ayni kararda suni tohumlamadan ve etgil irklardan
dogan buzagilar igin 75 TL bag® do6l kontroli projesi kapsaminda suni tohumlamadan
dogan buzagiya ise ek olarak 35 TL bag! 6deme yapilacagi ayrica sap asisi i¢in hayvan
basina 0.75 TL 6deme yapilacag bildirilmigtir. 2015 yilinda ilgili maddeler ve bu
rakamlar degismeden desteklemeler ayni sekilde uygulanmaya devam edilmistir.
Sultansuyu Tarim Isletmesi Miidiirligi ilgili maddelerin tiimiinii karsilamasina
ragmen devlete bagh bir KIT kurulusu olmas1 sebebiyle desteklemelerin hicbirinden
yararlanamamistir. Arastirmanin bu 6zelligi diger arastirmalara kars1 ayirt edici bir
unsurdur.

Hastalik ya da sakatlanma gibi hayatini idame ettirmesi gii¢ duruma diismiis bunun

sonucu olarak mecburi kesimi yapilmis hayvanlar insan sagligini etkilemeyecek onayi
alarak licreti mukabilinde iage ve lojman personeline dagitilmigtir. Elde edilen miktar
hayvancilik muhasebe kayitlar:1 hanesine gelir olarak kayda ge¢migtir.
Bir biiytikbas hayvan giinde agirhiginin %5-6’s1 kadar yas giibre tiretmektedir. Diger bir
yaklasimla bir biiyiikbastan yillik ortalama 3.6 t giibre elde edilmistir (Berkes ve
Kiglahoglu, 1993). Sultansuyu Tarim Isletmesi hayvanlardan elde edilen giibreyi
tarlalara organik gilibre olarak tagimaktadir. Tagima esnasinda yapilan gézlemlere gore
isletmeden tarlaya giden her tasit icin ilk bes seferde tasit cinsinin ve yiik kapasitesinin
kayit altina alinarak tasit cinsleri i¢in belirlenen ortalama miktarin toplam sefer
sayisiyla ¢arpilmasi sonucu tarlalara atilan giibre miktar1 kg olarak hesaplanmistir.
Bu yontem ara ara tekrarlanarak en dogru sonug elde edilmeye ¢aligilmigtir. 2015 yili
toplam uretilen giibre miktari giibreliklere ¢ekilmis ve tizerinden 1 sene gectikten sonra
tarlaya taginmistir. Tarlaya tasinan gibre miktar: 2016 yili icin muhasebe kayitlarina
2 565 000 kg olarak ge¢mistir. Uretilip tarlaya tasman giibreler dogru analiz i¢in 0.10
Krs olarak tarla subesine masraf kaydi hayvancilik subesine ise girdi olarak kaydi
alinmigtir.

Sultansuyu Tarim Isletmesi hayvanciik subesinde yapilan siit sigircilign
faaliyetlerinin ne kadar verimli oldugunun belirlenmesi ve ekonomik analizinin ortaya
konulmasina yénelik bulgular Sultansuyu TIM’in ¢alisanlariyla yapilan gozlemler ve
dogrudan muhasebe kayitlarindan alinan verilerle elde edilmistir. Bu veriler Cizelge
8'de asagidaki gibi gésterilmigtir.
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Cizelge 8. 2011-2015 yillar arasi gelir ve gider ylizdeleri
Table 8. Income and expense percentages between 2011 and 2015

GELIR VE GIDER 2011 2012 2013 2014 2015
(TL) ORAN % ORAN % ORAN % ORAN % ORAN %

Stt Geliri 37,6 42,0 38,8 48,8 41,6
‘2 | Damzlik Geliri 14,2 0,7 18,7 0,5 5,1
w M | Reforme ve Kasaplik Geliri 4,2 17,0 5,8 8,4 9,6
g E Buzag: Geliri 15,1 14,7 15,5 9,5 8,7
2] é Cag Farki Geliri 20,4 15,6 10,6 25,4 28,1
& | Sigir Derisi Geliri 0,1 0,1 0,2 0,1 0,1
Sig1ir Guibresi Geliri 8,4 9,8 10,4 7,4 6,8

Yem Masraflar: 62,1 60,8 55,3 59,3 60,5

% Teknik Eleman Gideri 2,8 6,9 8,1 6,3 5,7
é 1sgi Gideri Gideri 15,4 12,5 14,4 13,6 11,0
g Amortisman Gideri 12,4 9,6 10,6 11,0 12,2
B I_)i;“;er Giderler 3,5 6,3 6,6 6,4 7,9
Ilag ve Kimyasal Giderleri 3,8 3,9 5,0 3,4 2,7

Isletmede maliyeti olusturan masraf unsurlar1 kalem kalem incelendiginde toplam
maliyetin %59.6’s1n1 ilk sirada yer alan yem masraflar: bunu %19.34 ile teknik eleman
ve is¢i masraflari, %11.16 ile amortisman giderlerinin %6.14 ile diger giderleri ve %3.76
ile ilac¢ giderleri takip etmistir.

I¢6z (2004) yapmis oldugu calismada, maliyeti olugturan masraf unsurlarini; %58.14
ile yem, %22.31 ile ig¢ilik, %5.96 ile amortismanlar, %3.74 ile veteriner-saglik, %3.01
ile faiz giderleri, %1.29 ile bakim-onarim giderleri ve %5.55 ile de diger giderler olarak
hesaplandigini bildirmiglerdir. Gelir kalemlerini ise %59.07 ile sut satisindan elde
edilen gelir, %12.45 ile buzag geliri, %27.12 ile hayvan envanter kiymet artis1 ve %1,36
ile de gibre gelirleri seklinde gerceklestigini bildirmislerdir. Yapmis oldugumuz bu
calisma mercek altina alinacak olunursa yem ve iscilik giderleriyle I¢ozin yapmis
oldugu calismayla yakin olmakla birlikte amortisman ve veteriner saglik giderleriyle
birbirinden ayrilmaktadir. Gelir kalemlerine bakildiginda ise iki ¢aligsma birbiriyle
tamamen farklilik géstermektedir.

Yildirim ve Sahin (2003), calismalarinda Van ili Merkez ilcede siit sigirciigl yapan
igsletmelerin ekonomik analizi baghg altinda yaptig1 arastirmada, brit tretim
gelirlerinin kiltir irki ve kiiltiir melezi siit sigircilig yapan igsletmelerde %46.92°s1 sit
ve slit Giriinlerinden olustugunu gézlemlemis ve calismamizla benzer oranlarda gelirin
stitten yapildigini ortaya koymustur.

Tandogan (2006) tarafindan yapilan calismada, Afyonkarahisar ili merkez ve
ilgelerinde damizhik sigir yetistiricileri birligi ‘ne bagh faaliyet gosteren 78 adet siit
sigirciligr igletmesinin 1 yillik Giretim dénemi verileri incelenmigtir. Isletmelerin masraf
kalemlerinin %47.82'sinin yem, %26.97'sinin ig¢ilik, %4.25'inin saghk, %2.59'unun
genel idare, %3.25'inin bakim-onarim, %7.84'inlin amortisman ve %7.28'1nin de diger
masraflardan olustugunu ve igletmelerde elde edilen gelirin oransal dagiliminin da %52
ile st gelirleri, %6,49 ile buzag1 gelirleri ve %40,83 ile de envanter kiymet artisindan
olustugunu bildirmistir.

Celik (2014) tarafindan yapilan calismada, girdi unsurlarinin %42.95 ile besi
materyali, %33.09 ile yem, %9.63 ile iscilik, %1.73 ile veteriner-saghk giderleri, %1.64
ile bakim-onarim, %1.56 ile amortisman ve %0.84 ile de diger giderlerin olusturdugu
tespit edilmigtir. Arastirmaci 1 kg canh agirhk artisi1 icin 7.77 kg kesif yem
tiketildigini, 1 kg canl agirlik maliyetinin kiigiik, orta ve biiyiik 6l¢ekli isletmelerde
sirasiyla 9.70 TL, 8.82 TL ve 7.76 TL olarak hesaplandigini ve biiyik ve orta 6lgekli
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isletmelerde sirasiyla 606.19 TL bas! ve 132.64 TL bas® kar elde edilirken, kii¢ik
6lcekli igletmelerin 492.35 TLbagzarar ettigini rapor etmigtir.

Alyesil ve Gozener (2018) yaptiklar: calismada, Kazova Vasfi Diren Tarim Isletmesi
st sigircilign boliminin tretim masraflarn ve Urin maliyetlerinin belirlenmesi
amaciyla yaptiklarn calismada, 2016 yili gercek Uretim sartlarinda sit sigircilig:
faaliyetine iliskin muhasebe ve isletme kayitlarn kullanarak, isletmenin masraf
unsurlar: arasinda toplam masraflarin %52.09unu yem masraflari, %17.17 sini igcilik
masraflar, %12.63inlii amortismanlar, %2.11’ini1 ila¢ masraflar1 ve %16.00’s1n1 ise
diger masraflarin olusturdugunu tespit etmiglerdir. Gelir kaynaklarinin %71.27hk
kismimi sit gelirleri, %7.62°sin1 erkek buzagi gelirleri, %16.53inti sigorta hasar
gelirleri ve %4.58in1 desteklemelerin olusturdugunuve arastirma sonucunda Gelir/
Gider oran1 %13.16, faaliyet kar1 ise %5.28 olarak hesaplandigini bildirmiglerdir.

SONUC

Bulgular 1s1g1nda arastirma sonuglarina gore, asagidaki 6neriler yapilmigtir.

Aragtirmada toplam giderlerin %19.34int is¢ilik giderlerinin olusturdugu bunlarin
1se kendi icerisinde %8.12’sini taseron iscileri %5.96’sin1 memur Ucretleri ve %5.26’s1m
ise kadrolu iscilerin olusturdugu yapilan hesaplar sonucu tespit edilmigtir. Yem
giderleri igletme giderleri arasinda toplam giderlerin %59.6’sinin yem giderleri oldugu
saptanmigtir. Veteriner Hekim giderleri iscilik giderleri arasinda incelenmigtir. Bu
nedenle saglik giderleri sadece ilag ve dezenfektan masraflar: bagliklar: halinde toplam
masraflarin %3.76’sim1 olusturmaktadir. Isletme ilaclar1 teklif yolu ile alindigindan
yapilacak teklif veya ihalelerde kullanilacak ilacin etken madde oraninin belirtilmesi
kaliteli ila¢ eldesi i¢in dikkat edilmesi gereken hususlardandir. Hastaliklardan ari bir
isletme olan Sultansuyu TIM’de isletme sertifikasinin devaminm saglamak i¢in ¢alisan
iscilere hastaliklar, hagereler ve sagim makinasi dezenfeksiyonu hakkinda belirli
araliklarla seminerler verilip igcilerin bu konu hakkinda bilgi sahibi olmalar
amaclanmalidir.

Muhasebe kayitlarinda amortisman gideri olarak her sene alet ekipman ve hayvan
varliklar1 tUzerinden %25 amortisman distigiu goézlenmigtir. Canli varliklarin ve
ekipmanlarin amortismanlari ayri ayri incelenmeli, amortismani diisilecek her
varlhigin ekonomik 6mri dikkate alinarak disiilecek amortisman bedeli belirlenmelidir.
Bu sekilde diigiilen amortisman bedelleri ile igletme karlilik analizinde daha dogru
sonuglar elde edilmektedir. Isletmedeki hayvan sayisinin diisiik olmasi ¢calisan memur
ve kadrolu isc¢ilerin BBHB basina diigsen maliyeti arttirmaktadir. Hayvan sayisinin
arttirilmasi memur ve kadrolu iscilerin BBHB bagina diisen maliyeti azaltacag: gibi
BBHB bagina diisen amortisman giderlerinde de 6nemli 6l¢tide azalma goriilecektir.

Herhangi bir sit sigirciligr isletmesindeki beklentilerde oldugu gibi yapilan
arastirmada da gelir kaynaklarinin %41.76’1ik kismini olusturan stit gelirleri ilk sirada
yerini almaktadir. Bunu %29.52 ile damizlik ve reforme gelirleri, %20.02 ile cag fark:
gelirleri, %8.56 ile giibre gelirleri ve %0.1 ile sig1ir derisi gelirleri izlemektedir. Damizlik
ve reforme gelirlerinin kendi igerisinde toplam gelir oranlarindaki pay1 %8.99 reforme
ve kasaplhk, %12.70 buzag1 ve %7.83 damizlik olarak ayirmak mimkiindiir. Reforme
gelirlerinin ve ¢ag degisim gelirlerinin toplam gelirler i¢erisindeki getirisinin yiiksek
oranda olmasi ¢ag degisiminin belirli bir yil icerisine sikistiginin gostergesidir. Cag
degisimlerini fazla biiylik sayilmayacak 200 basgh isletmelerde belirli bir yil igerisine
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sikistirmak ana kadroda eksiklikler meydana getirebilecegi gibi ekonomik olarak
BBHB basina diigen siit verimini disiirecektir. Tutulan kayit defterlerinde ineklerin
yagl ve siut verimi dikkate alinarak cag degisimleri daha kiicik oranlarda uzun
dénemler halinde yapilmalidir.

CIKAR CATISMASI

Yazarlar arasinda herhangi bir ¢ikar ¢catismasi bulunmamaktadar.
YAZAR KATKISI

Bu makale, Yiiksek lisans tezinden hazirlanmastir.

Veysel Kaya Yigmatepe: calismanin girig, materyal ve yéntem, sonu¢ bélimlerinin
hazirlanmasinda,

Mehmet Metin Ozgiiven: Makalenin gézden gecirilmesinde katkida bulunmusgtur.

KAYNAKLAR

Alyesil H ve Gézener B (2018). Kazova Vasfi Diren tarim isletmesi siit sigircihg faaliyetinin ekonomik
analizi. Gaziosmanpasa Bilimsel Arastirma Dergisi, 7 (1) 87-100.

Anonim (2000). Uzun vadeli strateji ve sekizinci bes yillik kalkinma plam1 2001-2005.
http://www3.kalkinma.gov.tr/DocObjects/View/13743/plan8.pdf.

Anonim (2013a). Tarim Isletmeleri Genel Midiirligii hayvancilik sektér raporu. Ankara.

Anonim (2013b). Diinya ve Tirkiye’de siit sektor istatistikleri. Ulusal Siit Konseyi, Ankara.

Anonim (2015a). Kirmiz1 et stratejisi. Gida Tarim ve Hayvancilik Bakanhig Hayvancilik Genel Midiirliigii.
Ankara.

Anonim (2015b). Hayvancilik raporu. Gida Tarim ve Hayvanciik Bakanhg GAP Uluslararas: Tarimsal
Arasgtirma ve Egitim Merkezi. Diyarbakir.

Anonim (2015¢). Hayvancilik Sektor Raporu. TIGEM.

Anonim (2017a). http://www.gib.gov.tr/sites/default/files/fileadmin/user_upload/Yararli_Bilgiler/
amortisman_oranlari.pdf. (20.05.2017).

Anonim  (2017b).  http:/www.tcmb.gov.tr/wps/wem/connect/6121b7aa-7946-4353-b0f2-9cbab7e289b2
/Turk+Lirasi.html1?MOD=AJPERES&CVID=. (20.05.2017).

Anonim (2017¢c). http://www.resmigazete.gov.tr/eskiler/2015/05/20150512-2.htm. (24.05.2017).

Anonim (2017d). http:/www.resmigazete.gov.tr/eskiler/2013/04/20130408-5.htm (28.05.2017).

Aras A (1988). Tarim muhasebesi, Ege Universitesi, Ziraat Fakiltesi Yayinlar:, No:486, E.U. Basimevi,
Bornova-Izmir

Berkes F ve Kiglalioglu MB (1993). Cevre ve Ekoloji, 4.Basim, Remzi Kitabevi, Istanbul.

Celik C (2014). Kirsehir ili merkez ilgede sigir besiciligi yapan isletmelerin ekonomik analizi. Yiiksek
Lisans Tezi, Erciyes Universitesi Saglik Bilimleri Enstitiisii. Hayvan Saghig1 Ekonomisi ve Isletmeciligi
Anabilim Daly, s. 78, Ankara.

Cicek A ve Erkan O (1996). Tarim ekonomisinde arastirma ve érnekleme metotlarl. Gaziosmanpasa
Universitesi Ziraat Fakiiltesi Yayinlar: No: 12. Ders Kitaplar:1 Serisi No: 6. Tokat.

Erkus A, Biilbil M, Kiral T, Acil AF ve Demirci R (1995). Tarim ekonomisi, Ankara Universitesi Ziraat
Fakiiltesi Egitim, Arastirma ve Gelistirme Vakfi Yayinlar:, Yayin No:5, Ankara

Giines T ve Arikan R (1985). Tarim ekonomisi istatistigi. Ankara Universitesi, Ziraat Fakiiltesi Yayinlari:
1049, Ders Kitabi1 No: 305, Ankara.

Hacihasanoglu T (2015). Hayvancilik sektériinde maliyet, hacim, kar analizi. Gazi  Kitabevi. Ankara.

Ic6z Y (2004). Bursa ili sit sigircihig isletmelerinin karlihk ve verimlilik analizi. Tarim ve Koyisleri
Bakanligi Tarimsal Ekonomi Arastirma Enstitust, 7arim ve Koyisleri Bakanlg1 Tarimsal Ekonomi
Arastirma Enstitiisii Yayin No: 116, Ankara.

MEB (2012). Gériisme Teknikleri. Milli Egitim Bakanlhg, MEGEP Halkla Iligskiler Ve Organizasyon
Hizmetleri Modili. Ankara.

Ozgiiven MM (2017). Hassas hayvansal iiretim. Tarim Tiirk Dergisi. Kasim-Aralik 2017, Say1’ 27,


http://www.gib.gov.tr/sites/default/files/fileadmin/user_upload/Yararli_Bilgiler/
http://www.tcmb.gov.tr/wps/wcm/connect/6121b7aa-7946-4353-b0f2-9cbab7e289b2
https://kutuphane.tarimorman.gov.tr/vufind/Search/Results?lookfor=%22Tar%C4%B1m+ve+K%C3%B6yi%C5%9Fleri+Bakanl%C4%B1%C4%9F%C4%B1+Tar%C4%B1msal+Ekonomi+Ara%C5%9Ft%C4%B1rma+Enstit%C3%BCs%C3%BC+Yay%C4%B1n+No%3A+116%22&type=Series
https://kutuphane.tarimorman.gov.tr/vufind/Search/Results?lookfor=%22Tar%C4%B1m+ve+K%C3%B6yi%C5%9Fleri+Bakanl%C4%B1%C4%9F%C4%B1+Tar%C4%B1msal+Ekonomi+Ara%C5%9Ft%C4%B1rma+Enstit%C3%BCs%C3%BC+Yay%C4%B1n+No%3A+116%22&type=Series

YIGMATEPE ve OZGUVEN / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 339-353 363

Seker I, Tasali H ve Giiler H (2012). Mus ilinde sigir yetistiriciligi yapilan isletmelerin yapisal analizi.
Firat Universitesi Saghk Bilimleri Veteriner Dergisi, 26 (1) 09-16.

Tandogan M (2006). Afyonkarahisar siit sigircilik isletmelerinde karlhiik analizi ile isletmelerde
karsilagilan tiretim ve pazarlama sorunlari. Yiksek Lisans Tezi, Afyon Kocatepe Universitesi, Saghk
Bilimleri Enstittusii, Hayvan Eletme Ekonomisi Anabilim Dali, s.74, Afyon.

Unal RN ve Besler T (2008). Beslenmede siitiin 6nemi. Hacettepe Universitesi Saghk Bilimleri Fakiltesi
Beslenme ve Diyetetik Bolumu. Saghk Bakanlig: Yayin No: 727. Ankara.

Yildirim I ve Sahin A (2003). Van ili merkez ilgede siit sigirclig1 yapan isletmelerin ekonomik analizi,
Yizinci Y1l Universitesi, Ziraat Fak. Van Ticaret Borsas: Yaymnlar: No: 1, s. 52, Van.



Turkish Journal of Agricultural
Engineering Research

Turk J Agr Eng Res
(TURKAGER)
e-ISSN: 2717-8420

https://dergipark.org.tr/en/pub/turkager o999 ;1(2): 354-367

Research Article

https://doi.org/10.46592/turkager.2020.v01i102.011

Evaluation of Normalization Techniques on Neural Networks for the

Prediction of 305-Day Milk Yield

Asli AKILLIP2* Hulya ATILIDY

aDepartment of Animal Science, Faculty of Agriculture, University of Kirsehir Ahi Evran, 40200, Bagbasi- Kirsehir-

TURKEY

bDepartment of Animal Science, Faculty of Agriculture, University of Ege, 35040, Bornova- Izmir- TURKEY

(*): Corresponding author, asliakilli@ahievran.edu.tr; Tel: +90-386-2804841, Fax: +90-386-2804832

ABSTRACT

In this study, the impact of data preprocessing on the prediction
of 305-day milk yield using neural networks were investigated
with regard to the effect of different normalization techniques.
Eight normalization techniques “Z-Score, Min-Max, D-Min-Max,
Median, Sigmoid, Decimal Scaling, Median and MAD, Tanh-
Estimators" and five different back propagation algorithms
“Levenberg-Marquardt (LM), Bayesian Regularization (BR),
Scaled Conjugate Gradient (SCG), Conjugate Gradient Back
propagation with Powell-Beale Restarts (CGB) and Brayde
Fletcher Gold Farlo Shanno Quasi Newton Back propagation
(BFG)” were examined and tested comparatively for the
analysis. Neural network architecture was optimized and tested
with several experiments. Results of the analysis show that
applying different normalization techniques affect the
performance and the distribution of outputs influences the
learning process of the neural network. The magnitude of the
effects varied with the type of back propagation algorithms,
activation functions, and network's architectural structure.
According to the results of the analysis, the most successful
performance value in the 305-day milk yield estimation was
obtained by using the neural network structured by using the
Decimal Scaling normalization technique with the Bayesian
Regulation algorithm (R2aqj = 0.8181, RMSE= 0.0068, MAPE=
160.42 for test set; R2aqj =0.8141, RMSE=0.0067, MAPE=114.12
for validation set).
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INTRODUCTION

One of the most important objectives of the studies carried out in livestock science is to
reduce the costs of breeding and feeding by optimizing and to make evaluations in this

direction. For this purpose, milk yield predictions are made using various statistical
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and artificial intelligence-based methods. In evaluations on dairy cattle, analysis using
test day records provides important advantages on the prediction of 305-day milk yield
(Mostert et al., 2006; Dongre et al., 2012). The use of test day records is very useful for
dairy cattle breeders in decreasing cost of milk recording, making genetic evaluations
about animals in early stages of lactation, culling unproductive cows and improving
production pattern (Dongre et al, 2012). Estimates of milk yield on herd or individual
basis strongly affect energy consumption based on daily milk production, plant
utilization and farm income, and provide large benefits to dairy industry at farm level.
Accurate and effective usage of milk yield estimation methods can contribute to the
correct modeling of milk production patterns at certain time periods and to adapt to
factors affecting the supply-demand balance on a farm basis (Murphy et al, 2014).
However, the 305-day milk yield estimate provides a basis for the genetic evaluation of
dairy cattle (Grzesiak et al, 2003). In the production of high-yielding dairy cows, the
selection of genetically superior bulls is very important and milk yield prediction models
are used in this process. Early detection of superior bulls accelerates the production
process, which continues with semen collection and insemination, so that gains in
genetic progress can be achieved (Sharma et al,, 2007). Conventional regression models
have been widely used as prediction tools for 305-day milk yield. Today, with the
technological advance on computer systems, neural network method can be used as an
alternative to statistical analysis methods and they are the subject of many successful
studies. Neural network method is designed by as an example of the working structure
of the human brain and the learning function is performed by using experiences similar
to humans. Neural networks provide solutions to new problems faced in the future
through generalization capability.

Neural networks method is one of the most popular artificial intelligence methods
which are widely used in animal husbandry as well as in many applied sciences (Akills,
2019). Neural networks have been used for milk yield estimation studies in the field of
dairy science (Salehi et al, 1998; Sanzogni and Kerr, 2001; Grzesiak et al, 2003;
Grzesiak 2006; Sharma et al., 2006; Sharma et al., 2007; Hosseinia et al., 2007; Edriss
et al., 2008; Njubi et al., 2009; Gandhi et al., 2010; Njubi et al, 2010; Ruhil et al, 2011;
Dongre et al, 2012; Gandhi et al, 2012; Tahmoorrespur et al, 2012; Murphy et al,
2014; Kong et al, 2018) and ruminant animals (Ominakis et al, 2002; Torres et al,
2005; Ince and Sofu, 2013, Karadas et al, 2017). In the 305-day milk yield estimation
examined in the context of linear regression analysis, information on reproductive
activities such as calving interval as well as milk yield on test day and lactation
information are included in the model structures (Grzesiak et al, 2006; Sharma et al.,
2007; Dongre et al., 2012; Takma et al.,, 2012; Gorgiilii, 2012).

Environmental and genetic factors are highly effective on the milk yield data pattern.
Various limitations can be encountered in the measurement process of the data. These
limitations, which directly affect the distribution of the data structure, can cause noise
and inconsistencies. At this point, the data can be resized using normalization methods.
The use of normalization methods can provide considerable benefits in terms of
detecting anomalies in the data distribution and using the model under study more
effectively and efficiently. Data preprocessing and normalization techniques provide
significant improvements in neural network performance. In this context,
normalization techniques contribute to the transformation of neural network inputs
according to the data range (Logistics, Tanh-Sigmoid) of the defined activation function.
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In neural network analysis, the normalization process is of great importance in data
structures where the number of observations and variables is large, especially where
the dimensional differences in input observation values are included. The impact of
normalization techniques on neural network performance, their characteristics, and
learning processes have been discussed. According to neural network literature,
normalization can be useful for learning process, and it may be essential, to enable them
to detect patterns contained in the learning data set. Normalization of inputs or
rescaling data could sometimes greatly help to use prior knowledge and to reduce the
complexity of the data structure (Lacroix et al, 1997). Some studies have shown that
different normalization methods have been affected the performance of the neural
network (Shanker et al, 1996; Jain et al, 2005; Jayalakshmi and Santhakumaran,
2011; Panigrahi and Behera, 2013).

In this study, the impact of eight normalization techniques “Z-Score, Min-Max, D-
Min-Max, Median, Sigmoid, Decimal Scaling, Median and MAD, Tanh-Estimators” on
neural network performance were examined comparatively for the milk yield prediction.
In this context, it was aimed that determine the impact of distributing the input vectors
on an equal basis with respect to the output pattern on the learning of neural networks.

MATERIALS and METHODS

Data Source

Data sets contain milk yield information on Turkey Cattle Breeders Central Association
registered Holstein Friesian cows. The Study material consists of 1000 data records. In
this study, neural networks were studied with different normalization techniques in
order to estimate the 305-day milk yield. Test day data, age of first calving, lactation
number, and days in milk (DIM) were used, in order to analyze the impact of the
distribution of the outputs when predicting 305-day milk yield. Input variables of
analysis were determined as the first four test day record, age of the first calving,
lactation number, and DIM in designed system. The output of the system is defined as
305-day milk yield. Table 1 shows the descriptive statistics of the variables in the data
set. Accordingly, skewness and kurtosis values indicate that the dependent variable
does not show normal distribution. After logarithmic transformation, 305-day milk yield
values were normally distributed. When the descriptive statistics of the other variables
in data set are examined, it is seen that there are no outliers. Neural network analyses
were examined on different parameter combinations to determine the optimal values of
the model parameters. Hundreds of parameter combinations setting performed for
neural network at each phase of training, testing and validating for data set. All
experiments were done using MATLAB (R2016a).
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Table 1. Descriptive statistics of data set

Variables Mean Std. Dev. Cvt Min Max Skewness Kurtosis
305-Day Milk Yield 6173.37 1605.11 26.0006 2033 13432 0.740 1.339
Calving Interval 74.365 23.9587 32.2177 23 101 -0.759 -0.841
Lactation Number 4.497 1.7975 39.9724 1 6 -0.765 -0.92
DIM2 284.052 18.143 6.38721 195 305 -1.763 3.986
TestDay1 25.1801 6.9058 217.4257 8 56.9 0.556 0.445
TestDay2 24.9515 7.0633 28.3081 6 54.5 0.646 0.977
TestDay3 23.8841 6.9252 28.9950 5 58.7 0.839 2.015
TestDay4 22.4664 6.7920 30.2319 4 54 0.828 2.097

Number of Data Records: 1000; 1CV: Coefficient of Variation (%). 2DIM: Days in Milk

Multilayer Perceptron

Machine learning studies, which are an important part of artificial intelligence, give
computers the behavior of working with experimental data. Neural networks method is
one of the methods studied in the context of machine learning. The method, which has
been used successfully by researchers in many different fields, was developed on the
basis of the working principles of neurons in the human brain (Zhang et al, 1998).
Neural networks collect information from the environment during the training process
and store this information through various connections, like the human brain. The
learning function of neural networks takes place in a similar way to human experience.
This method enables the solution of new problems in the future by means of the
information learned. The first studies on neural networks started in 1943 with the
theory of Warren McCulloch and Walter Pitts about the functioning of neurons.
Nowadays, the studies on the theory and application of neural networks are increasing
and showing very successful results. The advances in technological developments and
the fact that computers have an increasing graph in technical terms have a positive
effect on the development of neural networks (Akilli, 2019).

In this study, multilayer perceptron (MLP) neural network with back propagation of
error learning mechanism was used for the neural network architecture. MLP utilizes
a supervised learning strategy (Negnevitsky, 2002; Panigrahi and Behera, 2013). The
back propagation learning algorithms can be used for neural network training.
Basically, propagation and update steps have been used for the back propagation
algorithms (Savegnago et al, 2011). The back propagation process is repeated until the
error criterion (sum of error squares) reaches the specified level. In back propagation
algorithm feed forward process, wy; is the weight value of the link that connects the kth

input layer process element to the j* hidden layer element. Where, o, is the output of
kt" process element in the input layer and wy j 1s the synaptic weight. Net input (Net) is

given in Equation 1.

n
Netﬁ = Z ijOk (1)
k=1
1
0j = 1+ o~ (Netf+BD) )

The Net input obtained is passed through the activation function so that the output
of the neuron in the hidden layer is calculated. In this study, sigmoid activation function
is discussed. The output is expressed as in Equation 2. Where, o; is the output of ;"
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hidden layer element and S; is refers to the weight of the threshold element that
connects to the j* hidden layer element (Oztemel, 2002).

Input Hidden Output
layer layer layer

Xy

Oy

Figure 1. Multilayer perceptron (Han and Kamber, 2006)

Figure 1 shows multilayer perceptron. In the present study, neural network was
trained and simulated using five different back propagation algorithms Levenberg-
Marquardt (LM), Bayesian Regularization (BR), Scaled Conjugate Gradient (SCG),
Conjugate Gradient Backpropagation with Powell-Beale Restarts (CGB) and Brayde
Fletcher Gold Farlo Shanno Quasi Newton Backpropagation (BFG) up to 10000 epochs
or till the algorithms are truly converged. Also, two different activation functions (Tan-
Sig, Log-Sig) were used to compute the output from the summation of weighted inputs
of neurons in each hidden layer (Dongre et al, 2012). Network parameters such as
learning rate (0.01), momentum (0.05-0.95) were used with different combinations. The
network was tested with the different numbers of hidden layer (1-3) and neuron (3-20).
Initial weights and bias matrix were randomly determined. In the present study, neural
network was optimized by training and testing errors in order to investigate the
overfitting and underfitting problems. Training set was determined randomly with 80%
for this case. The accuracy of normalization techniques was measured at each phase of
modeling. Hundreds of combinations of neural network parameter setting have been
designed for prediction models at each phase of training, testing and validation for data
set.

Normalization Techniques
In present study, it was aimed to investigate the importance of data normalization,
especially when applying the neural network approach to 305-day milk yield prediction
problem. Thus, the distribution of the output pattern in the training data set was
analyzed with regard to its effect on learning. Data normalization provides a
comparable range for input and output pattern in neural network analysis and
significantly affects equally distributing the importance of each input variable in the
analysis. Thus, distributing the input vectors uniformly with respect to the output
pattern of all values was provided in the training of the neural network. In the
normalization process, data is scaled in specific ranges such as “-1.0- 1.0”, “0.0- 1.0” or
“0.1- 0.9” through various techniques. In the present study, all normalization
techniques were applied to all the feature vectors for given data, and then neural
network was trained with the created training set.

In Z-Score normalization technique, data values are normalized according to their
mean and standard deviation. The most important advantage of this normalization
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technique is that it can be used effectively to reduce the effect of outliers in the data set.
However, this method may be useful when the actual minimum and maximum value of
variables are unknown. But it does not perform well with non-stationary time series
due to the variation of the standard deviation and mean depending on the data structure
and time (Han and Kamber, 2006; Shalabi et al, 2006; Pan et al, 2016). The Min-Max
normalization is one of the most popular methods in animal breeding and neural
network studies. This normalization technique provides a linear transformation on the
original data. Min-Max normalization maps the data value within a range of “0” to “1”
or from “1” to “1”. Preserving the relationship between the original data is the
advantage of Min-Max normalization. However, this method is highly affected by
extreme values or outliers because the results can be dominated by specific large values
(Jain et al, 2005). In the D-Min-Max normalization, the data is scaled in [0.1-0.9] range
and similarly functions to Min-Max (Han and Kamber, 2006; Shalabi et al, 2006; Pan
et al,, 2016). The D-Min-Max technique (adjusted or modified Min-Max normalization)
does not perform well in case of some time series forecasting studies. It can occur a
problem if any of the out-of-sample data points is out of the range (Panigrahi and
Behera, 2013). In the Median method, each sample is normalized by proportioning the
observations to the median of each variable. Extreme values or outliers does not affect
the Median normalization. The data is scaled between “0.0- 1.0” or “-1.0- 1.0” in the
Sigmoid normalization method. Sigmoid normalization method can be used for the
parameters that are estimated from noisy data (Jayalakshmi and Santhakumaran,
2011). Normalized value is obtained by moving the decimal point of values of variable.
The number of decimal points moved depends on the maximum absolute value of the
variable (Han and Kamber, 2006). It similarly functions to the Min-Max normalization
technique (Jain et al, 2005; Jayalakshmi and Santhakumaran, 2011; Panigrahi and
Behera, 2013).

Table 2. Normalization techniques

Normalization

el e Equations Descriptions
7-Score X, = Xi M [ Mean value of x;, o;'Standard
o; deviation of x;.
Min-Max P Xi ~ Ximin Xmin @nd Xq, Minimum and maximum
® T BT value of x;, respectively.
D-Min-Max x/ =01+ (0.9 0.1) Xi — Xmin Xmin a0d Xpg, minimum and maximum
' ' ' " Xmax = Xmin value of x;, respectively.
. i % . . . ¢
Median X = Yodian ) Median (x;): Median value of x;.
exi — e_xi
Sigmoid x'=— g e: Natural logarithm based.
e%i + e%i
. . X k: The smallest integer
Decimal Scaling X =0k Max (|, ]) < 1.
x. — median Median: The median value of x;,
Median and MAD X = Median absolute deviation: Median
MAD (|x; —median|)
. s 1 Xi — U . ..
Tanh-Estimator X =5 tanh( 0.01 ( p ) +1 Y; and o; is mean and standard deviation.

xx;” Original value of x;.
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Median and Median Absolute Deviation (MAD) is one of the robust normalization
techniques because of it is insensitive to outliers (Pan et al, 2016; Jain and Bhandare,
2011). MAD is a measure of statistical distribution and this measure is more resilient
to extreme values or outliers compared with standard deviation (Nayak et al,, 2014). In
the Median and MAD method, the median value and the MAD value are calculated
separately, and then applications are performed with the relevant formula (Jain et al,
2005; Kandanaarachchi et al, 2019). Tanh-Estimators normalization technique is one
of the robust and efficient methods (Jain et al, 2005; Nayak et al, 2014), but it is not
much encountered in animal breeding studies. This technique was introduced in the
study published by (Hampel et al, 1986). In the present study, the mathematical
representations and descriptions of the mentioned normalization techniques are given
in Table 2.

Accuracy of the Models

Accuracy of examined neural networks structures were determined with Adjusted
Coefficient of Determination (R2aq), Root Mean Square Error (RMSE) and Mean
Absolute Percentage Error (MAPE). According to these performance criteria, R2aq with
high value, RMSE and MAPE with low value is indicated as good. Mathematical
expressions were given in Table 3.

Table 3. Statistical error criteria

Statistical Error Criteria Equations

Root Mean Square Error (RMSE) RMSE = Ezin=1(}’i -)?
Mean Absolute Percentage Error (MAPE) MAPE = (%) s %|
Adjusted Coefficient of Determination (R2aq) Ri;;=1-(1-R 2)%

Where for the ith record, ¥,- predicted value, y; actual value, n° number of records.

RESULTS and DISCUSSION

Various neural network architectures were evaluated and tested in order to investigate
the effect of normalization techniques on the prediction of 305-day milk yield using
neural networks. The normalization techniques were applied separately on data sets
before training process of neural network.

305-day milk yield's normalized value was given in Figure 2. As we can see in Q-Q
plot, the observed values of 305-day milk yield are distributed in similar ranges at all
normalization techniques. In the original data, there were magnitude differences
between the observation values of the inputs by their nature. In such cases, it can be
occurred some problems related to inputs with high mathematical value such as risk of
suppressing other variables and decreasing their effectiveness in neural network
analysis.
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Figure 2. Q-Q plot of output’s normalized value
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Figure 4. Observed and fitted 305-d milk yield using neural network in validation phase

Figure 3 and Figure 4 show that observed and predicted 305-day milk yield using
neural network with Z-Score, Min-Max, D-Min-Max, Median, Decimal Scaling, and
Median and Mean Absolute Deviation normalization techniques in test and validation
phases, respectively. It can be seen that the lines representing the observed and
estimated values are very close to each other in all normalization techniques.

The prediction performance of 305-day milk yield for test and validation set are
shown in Table 4 and Table 5, respectively. Table 4 and Table 5 show that most
successful prediction performance is obtained using BR algorithm with decimal scaling
normalization technique for 305-day milk yield (R2aq= 0. 8181, RMSE= 0.0068, MAPE=
160.42 for test set; R%aq= 0. 8141, RMSE= 0.0067, MAPE= 114.12 for validation set). It
can be observed from Table 4 and Table 5 that R2aq; values are close to each other except
BFG and SCG algorithms. Also, other successful performance results were obtained as
follows; SCG algorithm with decimal scaling normalization technique (R2aqj = 0. 7918,
RMSE= 0.0070, MAPE= 160.82 for test set; R2aqj = 0. 8074, RMSE= 0.0068, MAPE=
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114.58 for validation set), CGB algorithm with tanh-estimator normalization technique
(R2a¢j = 0. 7980, RMSE= 0.0072, MAPE= 144.07 for test set; R2aqj = 0. 8081, RMSE=
0.0002, MAPE= 111.82 for validation set); BFG algorithm with decimal scaling
normalization technique (R%qj = 0. 7857, RMSE= 0.0071, MAPE= 160.95 for test set;
R2aqj = 0. 7534, RMSE= 0.0077, MAPE= 113.91 for validation set).

Performance criteria could not be measured with Sigmoid and Tanh-Estimator
normalization techniques on BR and LM algorithms. It is thought that the formula
structure of normalization techniques has an effect on this situation and also the
training process for neural networks which are used in this study could not be
successfully performed with these normalization techniques. Nevertheless, as a result
of the calculations, it was observed that RMSE and R2aqj values were calculated parallel
to each other but there were significant increases in MAPE values from time to time.

Table 4. Comparisons of performance criteria of neural network with-test set

.. Back Transfer Functions for Test Set
Normalization . 5 -
Techniques Propagatlon Tanh-Sig Log-Sig

Algorithms R2agj RMSE MAPE R2ag; RMSE MAPE

Z-Score 0.7975 0.4346 493.68 0.7812 0.4487 462.49
Min-Max 0.8009 0.0616 537.64 0.8070 0.0606 531.85
D-Min-Max 0.8120 0.0486 560.90 0.8051 0.0496 565.39
Median BR 0.8168 0.1146 1387.1 0.8151 0.1148 1396.9
Sigmoid . . . . . .
Decimal Scaling 0.8181 0.0068 160.42 0.8154 0.0069 160.52
Median and MAD 0.8001 0.7043 810.95 0.7950 0.7131 874.94
Tanh-Estimator . . . . . .
Z-Score 0.7370 0.4955 545.90 0.7957 0.4347 533.37
Min-Max 0.8024 0.0603 543.01 0.7372 0.0692 535.75
D-Min-Max 0.7575 0.0540 570.52 0.7799 0.0505 555.02
Median LM 0.7978 0.1148 1383.0 0.7836 0.1192 1393.5
Sigmoid . . . . . .
Decimal Scaling 0.7895 0.0070 160.61 0.7793 0.0075 161.58
Median and MAD 0.7806 0.7377 889.44 0.7914 0.7286 927.64
Tanh-Estimator . . . . . .
Z-Score 0.7988 0.4311 508.69 0.7601 0.4724 600.17
Min-Max 0.7291 0.0704 551.38 0.8032 0.0597 533.90
D-Min-Max 0.8060 0.0479 566.24 0.7812 0.0504 569.79
Median S0 0.8018 0.1137 1404.9 0.7268 0.1351 1407.2
Sigmoid 0.1648 0.0004 1288.8 0.0421 0.0005 1288.8
Decimal Scaling 0.7918 0.0070 160.82 0.7969 0.0069 160.68
Median and MAD 0.7582 0.7726 997.44 0.6974 719.93 41830.0
Tanh-Estimator 0.0772 0.0005 143.72 -0.017 0.0006 143.87
Z-Score 0.7769 0.4564 494.01 0.7946 0.4350 506.69
Min-Max 0.7449 0.0687 539.71 0.7978 0.0611 542.40
D-Min-Max 0.7398 0.0551 545.33 0.7899 0.0495 559.39
Median CGB 0.7388 0.1310 1388.0 0.7872 0.1182 1398.7
Sigmoid 0.7458 0.0001 1289.0 0.7418 0.0001 1289.0
Decimal Scaling 0.7134 0.0082 161.42 0.7250 0.0084 161.11
Median and MAD 0.7769 0.7464 897.29 0.6353 0.9578 1056.0
Tanh-Estimator 0.7980 0.0072 144.07 0.7211 0.0072 144.17
Z-Score 0.7616 0.4846 514.07 0.7357 0.4931 540.99
Min-Max 0.7105 0.0728 551.06 0.7352 0.0699 516.81
D-Min-Max 0.7791 0.0507 564.42 0.7846 0.0503 576.15
Median BFG 0.7776 0.1207 1405.7 0.7746 0.1218 1408.6
Sigmoid -0.052 0.0005 1289.5 0.2671 0.0004 1289.4
Decimal Scaling 0.7857 0.0071 160.95 0.6940 0.0085 159.75
Median and MAD 0.7804 0.7378 823.44 0.8016 0.7027 878.62

Tanh-Estimator 0.5359 0.0004 143.74 0.0653 0.0007 143.51
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The increase in MAPE values is thought to be due to different normalization

techniques forming different data scales. In terms of prediction accuracy with RMSE,

compared to Min-Max normalization, which is very popular technique used in animal
science studies, D-Min-Max normalization has a slightly better prediction.

Table 5. Comparisons of performance criteria of neural network with-validation set

Normalization

Back Propagation

Transfer Functions for Validation Set

Techniques Algorithms Tanh-Sig Log-Sig
R2ag RMSE MAPE R2ag; RMSE MAPE

Z-Score 0.8093 0.4224 204.13 0.8118 0.4204 195.11
Min-Max 0.8104 0.0595 266.57 0.8141 0.0588 264.16
D-Min-Max 0.8135 0.0472 284.19 0.8122 0.0472 286.71
Median 0.8129 0.1118 678.78 0.8148 0.1109 681.03
Sigmoid BR . . . . . .
Decimal Scaling 0.8141 0.0067 114.12 0.8197 0.0067 114.19
Median and MAD 0.8156 0.6828 321.39 0.8129 0.6871 322.96
Tanh-Estimator . . . . . .
Z-Score 0.7870 0.4477 224.75 0.8108 0.4237 205.68
Min-Max 0.8085 0.0596 268.29 0.7814 0.0641 269.95
D-Min-Max 0.8005 0.0486 292.12 0.7818 0.0514 284.51
Median LM 0.8007 0.1171 665.24 0.8099 0.1121 687.67
Sigmoid . . . . . .
Decimal Scaling 0.8062 0.0068 114.40 0.8078 0.0071 115.39
Median and MAD 0.7937 0.7228 334.03 0.8100 0.6953 318.42
Tanh-Estimator . . . . . .
Z-Score 0.8110 0.4199 219.13 0.7863 0.4472 224.58
Min-Max 0.7771 0.0642 265.12 0.8125 0.0595 263.08
D-Min-Max 0.8072 0.0477 286.80 0.7823 0.0508 285.27
Median sca 0.8112 0.1120 678.20 0.7714 0.1230 669.78
Sigmoid 0.1911 0.0004 694.87 0.0437 0.0005 694.98
Decimal Scaling 0.8074 0.0068 114.58 0.8036 0.0068 114.31
Median and MAD 0.7920 0.7232 343.94 0.7475 0.8180 293.87
Tanh-Estimator 0.0656 0.0005 111.84 -0.054 0.0007 111.86
Z-Score 0.8028 0.4295 215.27 0.7965 0.4372 225.98
Min-Max 0.7935 0.0619 265.14 0.8026 0.0605 268.13
D-Min-Max 0.7420 0.0552 285.21 0.7975 0.0491 288.43
Median CGB 0.7769 0.1219 674.15 0.7988 0.1153 686.06
Sigmoid 0.6976 0.0001 695.03 0.7042 0.0001 695.03
Decimal Scaling 0.7684 0.0074 114.59 0.7571 0.0076 113.69
Median and MAD 0.7961 0.7163 321.51 0.7155 0.8476 385.75
Tanh-Estimator 0.8081 0.0002 111.82 0.7233 0.0002 111.82
Z-Score 0.7818 0.4510 261.98 0.7829 0.4510 259.08
Min-Max 0.7530 0.0686 261.89 0.7675 0.0659 261.58
D-Min-Max 0.8070 0.0479 287.60 0.8053 0.0480 283.10
Median BFG 0.8032 0.1146 673.25 0.7861 0.1193 676.45
Sigmoid -0.056 0.0005 695.35 0.3186 0.0004 695.24
Decimal Scaling 0.7534 0.0077 113.91 0.7775 0.0089 113.97
Median and MAD 0.7889 0.7409 353.23 0.8056 0.6997 371.28
Tanh-Estimator 0.5652 0.0004 111.75 0.0785 0.0007 111.75

Table 4 and Table 5 show that the differences between the maximum RMSE and
MAPE of normalization methods are varying from 0.0002 to 0.8476 and 111.75 to
695.35, respectively. These results mean that normalization techniques could have the

possibility to change the prediction accuracy by those values.

Within the scope of applied sciences, it is seen that our study results are in harmony

with other studies related to normalization techniques. Cihan et al (2017) were aimed
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to determine the successful normalization technique for the data set by examining the
effect of normalization techniques on neural network and feature selection performance
in neonatal lamb diagnostics. Different from our study, it has been determined that the
most successful normalization technique in diagnosing disease in neonatal lambs is
sigmoid normalization. Jain et al (2005) examined the effect of different score
normalization techniques on the performance of a multimodal biometric system for a
classification problem. In their study, min—-max, Z-Score and tanh normalization
techniques followed by a simple sum of scores fusion method result in a superior genuine
acceptance rate than all the other normalization and fusion techniques. Also, it was
determined that both Min—Max and Z-Score methods are sensitive to outliers, different
from our study. Jayalakshmi and Santhakumaran (2011) aimed to propose various
statistical normalization procedures to improve the classification accuracy. Different
from our study, the best normalization method in the back propagation neural network
model was suggested as statistical column method. Shanker et al (1996) evaluated the
effectiveness of two well-known transformation methods: linear transformation and
statistical standardization. They indicated that the effect of data standardization on
computation time and number of iterations may thus be different for other algorithms.
The common denominator of our study with Shanker et al (1996) is that experimental
results show how data standardization methods affect neural network performance in
terms of predictive accuracy, computation time and number of iterations. In the
literature, there are different scientific publications on applied sciences that are
compatible with the results of our study (Sola and Sevilla, 1997; Panigrahi and Behera,
2013; Nayak et al, 2014; Eesa and Arabo, 2017).

CONCLUSION

Nowadays, following the technological innovation and providing effective data
management is key to the efficient use of information. Milk yield estimation methods
are an important source of information for the dairy cattle industry. The effective use
of these methods can provide important contributions to strategic decisions and
sustainable competitive advantage, in terms of animal health protection and financing.
In the present study, 305-day milk yield estimation which is an important concept for
dairy cattle industry, has been approached together with neural networks, which is one
of the powerful prediction methods. In the study, it is aimed to increase the prediction
accuracy with the improvements in neural network performance. In this way, it is aimed
to contribute to the users to be more successful in future production and management
planning. For his purpose, hundreds of neural network architectures based on eight
different normalization methods, two different activation functions, five different back
propagation algorithms, and different learning parameters based on heuristics and
standard numerical optimization techniques are experimentally investigated for the
network optimization. Analysis results show that with the use of different
normalization techniques, different performance values have been obtained in various
neural network architectures. According to the results of this study, effect of the
distribution of output in a training set with normalization varies with various factors,
such as the neural network architectures. It’s deduced that the best training algorithm
1s Bayesian Regularization with decimal scaling normalization that attains more than
80% prediction accuracy. The most successful prediction value was obtained with this
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optimized neural network structure for 305-day milk yield. Neural networks approach
can be improved with other training algorithms and learning parameters or data
preprocessing elements. At the same time, other production and reproduction traits of
dairy cattle can be used in terms of the improvement of prediction 305-day milk yield
model. Results of analysis show that applying different normalization techniques affect
the performance and the distribution of outputs influences the learning process of
neural network. The magnitude of the effects varied with the type of back propagation
algorithms, activation functions and network's architectural structure. In the focus of
this study, it is aimed to present that different results can be calculated with different
normalization techniques in the neural network analysis process in order to improve
the prediction accuracy. The results of this study are intended to be useful for animal
breeders and provide information about economic traits of importance in dairy
enterprise.
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OZET

Karaman Ilinde siit sigirciligl yapan 110 tarim isletmesi tesadiifi
ornekleme yontemi ile secilmistir. Bu isletmelerden elde edilen | ARASTIRMA MAKALESI
birincil veriler c¢alismanin temel materyalini olusturmustur.
Arastirma sonucunda, isletme bagina 1.44 adet traktor distigli, | Almg tarihi: 20.08.2020
ortalama traktor yasinin 16 yil oldugu ve 25 yil iistii traktorlerin | Kabul tarihi: 20.09.2020
oraninin ise %25.3 oldugu tespit edilmistir. Isletmelerde toplam 1 040
adet ve 29 farkli tarim makinesi oldugu, traktor bagina diisen makine | Anahtar Kelimeler:
sayisinin 6.58 adet, traktor bagina diigen makine kiitlesinin 6.4 ton,
ayrica isletme basina disen alet-makine sayisinin ise 9.45 adet | > Karaman,

oldugu belirlenmistir. Isletmelerin %12.7’sinde gibre temizliginde | » Siit sigirciligy
otomatik siyiricilarin kullamildigr tespit edilmigtir. Igletmelerin
%41.3inde ¢ift sirali paralel sagim sistemi bulundugu, %22’sinin
strl yonetim programini kullandigi, %39 unda stitélger bulunmadigi,

igsletmeleri,
> Mekanizasyon

isletmelerin %51.2’sinde ise 8 saat ve tlizeri surede teknik servis 6zevlhk1er1,
hizmetinin alindig: tespit edilmigtir. > Sagim
mekanizasyonu

Almt1 i¢in: Kaya A, Haciseferogullarn H (2020). Karaman Ili Siut Sigircihik Isletmelerinin
Mekanizasyon Ozellikleri. Turkish Journal of Agricultural Engineering Research (TURKAGER),
1(2): 368-389. https//doi.org/10.46592/turkager.2020.v01i02.012
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Mechanization Characteristics of Dairy Cattle Farms in Karaman Province

ABSTRACT

In this study, 110 agricultural enterprises made dairy cattle were
chosen by using random sampling method. The primary data
obtained from these enterprises composed the basic material of
the study. As a result of the research, it was determined that there
are 1.44 tractors per farm, the mean age of tractors is 16 years
and the rate of tractors over 25 years is 25.3%. It was determined
that there are 1 040 agricultural machinery in total and these are
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29 different types, the number of machines per tractor is 6.58, the Keywords:
machine mass per tractor is 6.4 tonnes and the number of tools-
machines per enterprise is 9.45. It was detected in 12.7% of the | . Karaman

enterprises use automatic scrapers for animal manure cleaning. >
It has been determined that 41.3% of the enterprises have a
double line parallel milking system, 22% of them use the herd
management programme. There is no milk meter in 39% of these
enterprises and 51.2% of the enterprises receive technical service
in 8 hours or more.

Mechanization
features,

\4

Dairly cattle farms,
> Milking
mechanization
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GIRIS

Artan insan nifusunun beslenmesi glinimiizde 6nemli bir sorundur. Bu sorun niifus
artigina paralel olarak biyiimektedir. Insanlarin saghkl ve dengeli beslenmeleri igin
hayvansal kaynakl proteinlere ihtiyaglar1 vardir. Bu protein kaynaklar1 arasinda et ve
stit ile bunlardan elde edilen iirtinler oldukca é6nemlidir. Ulkemize ait 2014 ile 2019 yillar1
arasi bluyikbas hayvan varligi ve sit tretim degerleri Cizelge 1’de verilmigtir. Cizelgede
ulkemizde 2019 yilinda toplam 17 688 139 adet bas bliyiikbas hayvan ve toplam 20 782
374 ton sig1r siitli Giretiminin oldugu gorilmektedir.

Cizelge 1. Tiirkiyenin sigir varhig ve siit tiretim degerleri (Anonim, 2019a)
Table 1. Cattle and milk production value in Turkey (Anonim, 2019a)

Yillar Toplam sigr Sagilan sigr Toplam siit (fon) Sigr siitii (ton)  Verim (t/inek)
2014 14 223 109 5 609 240 18 630 859 16 998 550 3.03
2015 13 994 071 5535 774 18 654 682 16 933 520 3.06
2016 14 080 155 5431714 18 489 161 16 786 263 3.09
2017 15 943 586 5 969 048 20 699 893 18 762 319 3.14
2018 17 042 506 6 337 907 22120 716 20 036 877 3.16
2019 17 688 139 6 580 753 22 960 379 20 782 374 3.16

Turkiye’de siit Giretimi yapan igletme sayis1 genel olarak kiictik 6lcekli aile isletmeleri

seklindedir. Cig slit tiretiminde, toplam sit sigir1 igletme sayisi diger iilkelere oranla
yiksektir. 2016 yil1 i¢in tilkemizde toplam siit tiretimi yapan isletme sayisinin 1 160 371
adet oldugu ve kurulu toplam sit sigirciligr isletmelerinin %77’sinin ise 10 biiytukbas
hayvan sayisinin altinda kapasiteye sahip oldugu bildirilmektedir (Anonim, 2016). Bu
durum igletmelerin girdi maliyetlerini artirmakta, verimli sigir irklarinin se¢iminde ve
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urlinlerin pazarlanmasinda sorunlar ortaya ¢ikarmaktadir. Hayvanciligi geligtirme igin
programlarin hazirlanmasinda bilgi eksikligi ortaya ¢ikmaktadir. Hayvancilik sektériinde
gelecek ic¢in politikalarin olusturulmasinda, veri tabanina ihtiya¢ duyulmaktadir. Siit
sigirciligr sektoriine iligskin bolgesel olarak yapilacak arastirmalar, tiretim planlamasi ve
ekonomik igletmecilik politikalarina yon verecektir. Ayrica bu tip calismalarin daha
yvaygin sekilde ve belirli araliklarla tekrarlanmasi, alandaki verilerin giincellenmesi,
sektérdeki mevcut durumun tespiti, zaman icerisindeki degisimlerin takip edilebilmesi ve
meydana gelen sorunlara ¢ézliimler uretilebilmesinin yaninda gelecege yonelik gergekei
planlamalarin yapilabilmesi icin de énemli olmaktadir (Seker ve ark., 2012; Giizel ve
Aybek, 2017).

Konu ile ilgili Karaman Ilinde yapilmis calisma bulunmamaktadir. Bu arastirma ile
Karaman ilindeki siit sigircilig isletmelerinin stirdiriilebilir olmasi i¢in mekanizasyon
ozelliklerinin belirlenmesi ve degerlendirilmesi amacglanmigtir. Arastirma sonucunda elde
edilen veriler, alandaki problemlerin tanimlanmasina ve gerekli ¢6ziim yollarinin
bulunmasina yardimeci olacaktir.

MATERYAL VE YONTEM

I¢ Anadolu Bélgesinde yer alan Karaman ili 37.11 kuzey enlemleri, 33.15 dogu boylamlari
arasindadir. Karaman ilini Konya, Mersin ve Antalya cevrelemektedir. Karaman'in
yuzolgimi 8.869 km? olup, deniz seviyesinden yliksekligi 1 033 metredir. Karaman ilinin
Merkez ilge, Ayranci, Bagyayla, Ermenek, Kazimkarabekir ve Sariveliler olmak tzere 6
ilcesi vardir (Sekil 1).

Sekil 1. Karaman ilinin cografi haritasi
Figure 1. Geographical map of Karaman province

Calismanin birincil verileri, Karaman ilindeki siit sigirciligi isletmelerinden anket
yontemi ile elde edilmistir. Arastirma verileri 2018 yilinin Ocak ve Subat aylarina ait
olup, gruplar1 temsil edecek sekilde siit sigirciligi isletmeleri ile ylz ylize anket
yapilmigtir.

Karaman ilinin Sariveliler, Ermenek ve Bagyayla ilgeleri daglik olup, yem bitkilerinin
ekimi bulunmamaktadir. Dolayisiyla siit sigirciligi isletmelerinin sayisi da azdir. Bu
nedenle Karaman ilinin Merkez, Ayranci ve Kazimkarabekir Ilceleri gayeli olarak
secilmigtir. Karaman ilindeki 2018 yil1 Hayvan Bilgi Sistemi kayitlarina gére bu g ilgede
toplam 2430 sig81ir yetistiriciligi yapan tarim igletmesi bulunmaktadir. Bu isletmelerden
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bir hayvan sayisina sahip olanlar popiilasyondan ¢ikarilmigtir. S6z konusu ilgelerdeki stit
s18111 igletmelerinin toplam hayvan sayilari arastirmanin ana gergevesini olusturmustur.
Ana kitlenin frekans dagilimi géz éniinde bulundurularak hayvan sayilar: 2-10 bas,
11-40 bas, 41-100 bag ve 101 bastan biiyiik olmak tizere dort tabaka halinde incelenmistir.
Popiilasyondan 6rnege giren isletme sayilar: tabakali 6rnekleme metotlarindan biri olan
Neyman yéntemine gore asagidaki formiil yardimiyla hesaplanmistir (Yamane, 1967).

_ % (Nh.Sh)2
=207 +1 (Nh.Sh2) @
2
pz =L 2)
Z
Formiilde;
n :Ornek sayisi,

N : Popiilasyondaki igletme sayisi,

Nh :h’inca tabakadaki igsletme sayisi,

Sh :h’inci tabakadaki varyansi,

D : Popilasyon ortalamasindan izin verilen hata payi,

z ' Hata oranina gore standart normal dagilim tablosundaki z degerini ifade etmektedir.

Popiilasyonu temsil edecek 6rnek sayisi %5 hata payi1 ile %90 gliven sinirlar: igerisinde
110 olarak belirlenmis ve érnek isletmeler tesadiifen secilmistir. Isletme gruplarina gére
ornek hacminin ve érnek sayisinin oransal dagilimi Cizelge 2’ de verilmigtir. Elde edilen
veriler gozlem teknigi ile desteklenmigtir.

Sonugclarin degerlendirilmesinde, elde edilen veriler i¢in SPSS programi kullanilmistir.
Bu bulgularin analiz edilmesinde frekans, ytzde, ortalama ve hipotez x2 testi
kullanilmigtir.

Cizelge 2. Siit sig1r1 igsletmelerinin hayvan sayisina ve ornek sayisina gore dagilimi
Table 2. Distribution of dairy farms according to the number of animals and the number
of samples

Ornek sayisinin oransal dagilimi

Tabakalar Hayvan Isletme Varyasyon Anket
sayis1 sayis1 katsayist (%) Merkez Ayranci Kazimkarabekir sayisi
1. Tabaka 2-10 1 066 46 12 2 1 15
2. Tabaka 11-40 981 39 36 6 2 44
3. Tabaka 41-100 233 25 15 3 1 19
4. Tabaka 101- + 68 47 26 4 2 32
Toplam - 2 348 - 89 15 6 110
BULGULAR VE TARTISMA

Igletmelerin ve igletmecilerin baz 6zellikleri

Karaman ilinde siit sigir1 isletmelerinin yaklasik %36’sinin is ge¢miglerinin 10 yilin
altinda oldugu, igletmecilerin ortalama yasinin 46.9 yil oldugu, yaklasik %62.6’sinin
ilkégretim mezunu oldugu, isletmelerin %68.2’sinin 6z sermaye ile kuruldugu ve
%15.5'inin ise tarim diginda gelirinin olmadig1 belirlenmigtir. Igletmelerin %16.4’liniin
sadece sut sigirciligl yaptig: ve isletmelerin %55.5'inin kredi kullanmak zorunda kaldig:
saptanmis olup, bu durum igletmelerin ekonomik olarak problemlerinin oldugunu ve
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stiirdiirilebilirlik agisindan sorunlarmin bulunduguna isaret etmektedir. Isletmelerin
%88.2’sinde aile bireylerinin tiretime katki verdigi ve toplam birey sayinin 215 oldugu ve
igsletme basina diisen aile bireyi sayisinin ise 1.95 oldugu belirlenmigtir. Uretime katk:
saglayan aile bireyi sayisinin yiiksekligi, 6zellikle az hayvan sayisina sahip igletmelerin
aile igletmesi oldugunu géstermektedir.

Anket yapilan igletmelerin toplam tarim alani varhigi 24 608 da ve bu alanin
20 077 da’lik bslimiinde (%81.6) sulu tarim yapildigi, isletmelerin ortalama tarim alani
miktarinin 223.71 da, ortalama parsel sayisinin 10.3 adet ve parsel biiytukliigiiniin ise 30.4
da oldugu tespit edilmistir. Ekim alanlarindaki Grin dagilimi incelendiginde, %27.4’luk
bir béliminde dane misir, %11.78lik bolimiinde silajlik misir, %11.7’lik boéliminde
yonca, %8.3’lik boliminde fig ve %8.3’ Itk bolimiinde ise arpa tiretiminin oldugu tespit
edilmistir. Ayrica bélgede fig ekiminden sonra yaklasik %9.8lik bir bélimde ikinci Girin
olarak silajlik misir ekiminin oldugu dikkat cekmektedir. Igletmelerin sadece %36.4u
kaba yem ihtiyacini karsilayabilmekte ve yaklagik ticte biri ise kaba yemi tamamen
disaridan satin almaktadir. Bu nedenle kaba yem tiretiminin yetersiz diizeyde oldugu
belirtilebilir. Aymi1 sekilde, isletmelerin sadece %2.7’si kesif yem ihtiyaclarim1 kendi
uretimleriyle karsilamakta ve %45.5’1nin ise, silaj yapmamasi nedeniyle, isletmelerin
stirdiiriilebilirligi agisindan problemler dogurdugu diistintilmektedir.

isletmelerin tamaminin tarimsal bir orgite liye oldugu saptanmistir. Tarimsal
desteklerden yararlanmak icin isletmelerin farkh tarimsal orgiitlere iiye olduklari, ancak
ciftci orglitlerince yapilan danismanlik ve egitim calismalarinin yeterli olmadigi
belirtilebilir. Ozellikle sayis1 sadece bir olan Tarimsal Kalkinma Kooperatifinin ve iiye
sayisinin arttirilmasinin, 6rgiitlenme diizeyinin etkinligini artiracagi diisiintilmektedir.

Anket ¢alismasi sonucunda siit sig1ir1 igletmelerinin %82.7’sinde siit veriminin yliksek
olmasi nedeniyle Holstein 1rki sigirlarin tercih edildigi, isletme basina ortalama hayvan
sayisinin 95 oldugu, isletme bagina 44 sigir ve sagilan sigir sayisinin 34, sigir basina
giinliik ortalama siit miktarimin ise 20.14 L oldugu belirlenmistir. Isletmecilerin teknoloji
ve bilgi birikimini iyi kullandiklarini ve béylece giinliikk siit veriminin ylksek oldugu
gorilmektedir. Ancak isletme basmma 0.1 veteriner hekim diismesi, isletmelerin
%43.6’s1n1n veteriner veya danigsmanlik hizmeti almamasi, sadece %10 unun siirekli bu
hizmeti almasi ve isletmelerin %55.5inin  hicbir egitim talebinin olmamasi
distndiriacidir.

Isletmelerin Mekanizasyon Ozellikleri

Traktor varhg

Isletmelerin traktor sayilar Cizelge 3'de gorilmektedir. Karaman ilindeki siit sigiri
isletmelerinde toplam 158 adet traktér bulundugu, sayilarinin 1 ile 7 arasinda degistigi,
igsletme basina 1.44 traktor distiigi ve ortalama traktér yasinin ise 16 yil oldugu
belirlenmigtir. Anket kapsaminda isletmelerin genel olarak %16.4’inde traktor
bulunmadigi, %50.9unda bir adet traktor, %16.4’tinde ise iki adet traktor, %10.9unda 3
adet traktor oldugu ve dort, bes ile yedi traktore sahip olan igletmelerin oranlar: ise
sirasiyla %1.8, %2.7 ile %0.9 oldugu belirlenmistir. Isletme biiytikligii ile traktér sayilar:
arasindaki iligki istatistiksel olarak énemli bulunmustur (p<0.01).
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Cizelge 3. Siit sigir1 igsletmelerinin traktor sayilar
Table 3. The number of tractors in dairy farms
Isletme gruplan
Ozellikler 1. grup 2. grup 3. grup 4. grup
(2-10 bag)  (11-40 bag) (41-100 bag)  (101+ basg) Genel

Traktor sayisi

Traktéri yok 4 (%26.7) 11 (%25.0) 3 (%15.8) ; 18 (%16.4)
1 adet 10 (%66.7) 28 (%63.6) 10 (%52.8) 8 (%25.0) 56 (%50.9)
2 adet - 4 (%9.1) 5 (%26.3) 9 (%28.1) 18 (%16.4)
3 adet 1 (%6.7) 1 (%2.3) 1 (%5.3) 9 (%28.1) 12 (%10.9)
4 adet - - 2 (%6.2) 2 (%1.8)
5 adet - - - 3 (%9.4) 3 (%2.7)
7 adet - - - 1 (%3.1) 1 (%0.9)
Toplam 15 44 19 32 110

(x2=49.443; SD=18; P-degeri=0.000)

Arastirma kapsaminda kullanilan traktér modellerinin dagilimi Sekil 2’de verilmistir.
Igili seklin incelenmesiyle traktér modellerinin 1959 ile 2018 yillar1 arasinda oldugu,
2013 model traktorlerin yogunlugunun %15.2 ve son bes yila ait (2013-2018) traktérlerin
oraninin ise %45.1 oldugu gorilmektedir. Turkiye’'de, traktor parkinin yaklagik yarisinin
25 yasin lzerindeki traktérlerin olusturdugu bildirilmektedir (Evcim ve ark., 2015).
Karaman Ilindeki siit sigircilign igletmelerinde ise 25 yil ve tistii traktorlerin orani %25.3
olarak tespit edilmis olup, Tirkiye ortalamasinin altinda bulunmustur.

Traktorlerin marka ve giic durumuna gore dagilimi Cizelge 4’de verilmigtir. Karaman
Ilindeki siit sigircihg1 yapan isletmelerde %22.8 Tiimosan, %18.35 Massey Ferguson,
%13.92 Fiat, %12.1 Erkunt, %8.8 New Holland ve %7.6 oranla John Deere ve %2.5 oranla
Ford marka traktorlerin agirlikli olarak bulundugu tespit edilmistir. Timosan marka
traktorin daha fazla tercih edilmesinde, traktor tiretiminin bolgede yapilmasi ve traktor
fiyatinin daha uygun olmasi etkili olabilir.

Tarim igletmelerinde bulunan traktérlerin gii¢ degerlerinin 29.4 ile 176 kW arasinda
degistigi, ortalama gii¢ degerinin 57.2 kW oldugu ve toplam gii¢ degerinin ise 9 037.8 kW
oldugu gérillmektedir. Ulkemizde ortalama traktor giiciiniin 60 BG (44.1 kW) oldugu
(Anonim, 2019) dikkate alindiginda, anket kapsaminda Karaman Ilindeki siit sigir
igletmelerinin ortalama gii¢ degerlerinin Tirkiye ortalamasindan %130 daha fazla oldugu
gorulmektedir.
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Sekil 2. Traktor modellerinin dagilimi
Figure 2. Distributions of tractor models

Traktorlerin glic dagilimlar1 Cizelge 5de verilmistir. Traktér parkimin yaklagik
%27.21'inde, traktor gliclerinin 60 ile 60.9 kW arasinda degistigi ve bu gli¢ grubunun
ortalama degerinin ise 65.9 kW oldugu saptanmistir. Bu gii¢ grubunu %23.42’lik oranla
40- 49.9 kW ve %22.15’1ik oranla ise 50-59.9 kW arasinda en yiiksek oranlarda degistigi
belirlenmigtir.

Tarim makineleri varhig
Karaman Ilindeki siit sigircihg1 isletmelerinde bulunan tarim makinelerinin sayisi,
yaygin tipi, isletme ve traktor basina diisen makine sayilar1 Cizelge 6’da goriillmektedir.
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Cizelge 4. Traktorlerin marka ve gii¢ dagilimlari

Table 4. Trademarks and power distributions of tractors

376

Motor giicii Sayis1 Toplam Motor giicii  Sayis1 Toplam . Motor giicii Sayis1 Toplam
Markas1 (W) giic (W) Markasi (W) giig (sW) Markasi- Modeli W) giig (W)
Basak 2073 SH 47.1 1 47.1 John Deere 6330 77.2 1 77.2 New Holland TD70 55.1 1 55.1
Case Jx90 68.3 1 68.3 John Deere 6430 84.6 2 1.3 New Holland TD75D 55.1 1 55.1
Deutz-Fahr 5110 75.7 1 75.7 Kubota M5111 83.1 1 0.6 New Holland TD85D 62.5 1 62.5
Erkunt Bereket 65 47.1 1 47.1 Kubota MK5000 36.8 1 36.8 Same Minitaurus 60 44.1 1 44.1
Erkunt Kismet 58 42.3 1 42.3 Landini 5-090H 61 2 61 Steyr 760 44.1 1 44.1
Erkunt Kiymet 90 68 1 68 Landini Powerfarm 100 68 1 136 Steyr 8075 47.1 2 94.2
Erkunt Nimet 70 50 5 250 Landini Powerfarm 110 75 1 75 Tumosan 60-70 44.1 1 44.1
Erkunt Servet 80.4 55.5 6 333 Massey Fergoson 265 48.5 1 48.5 Tumosan 6165 47.8 2 95.6
Erkunt Servet 85 60.3 1 60.3 Massey Fergusaon 285 66.9 2 66.9 Timosan 6570 47.8 1 47.8
Erkunt Servet 90 66.2 4 264.8 Massey Ferguson 135 29.4 6 58.8 Ttumosan 7080 51.5 1 51.5
Fiat 480 35.3 9 317.7 Massey Ferguson 165 47.8 1 286.8 Tumosan 7480 54.4 3 163.2
Fiat 540 39.7 1 39.7 Massey Ferguson 175 51.5 1 51.5 Tumosan 8075 55.1 2 110.2
Fiat 54C 39.7 2 79.4 Massey Ferguson 185 57.4 3 57.4 Ttumosan 8085 62.5 1 62.5
Fiat 60-56 44.1 2 88.2 Massey Ferguson 240 33.8 2 101.4 Ttumosan 8095 69.9 7 489.3
Fiat 640 47.1 4 188.4 Massey Ferguson 2635 54.4 3 108.8 Ttumosan 8105 77.2 2 154.4
Fiat 70-56 51.5 1 51.5 Massey Ferguson 265 48.5 1 145.5 Ttumosan 8185 62.5 2 125
Fiat 70-66 50.7 1 50.7 Massey Ferguson 285 66.9 1 66.9 Tumosan 8195 69.9 1 69.9
Fiat 780 57.4 2 114.8 Massey Ferguson 285S 55.1 2 55.1 Tumosan 8280 60.3 7 422.1
Ford 3600 35.3 1 35.3 Massey Ferguson 3060 44.1 2 88.2 Ttimosan 9080 66.2 5 331
Ford 5000 50.7 3 152.1 Massey Ferguson 5440 77.2 1 154.4 Ttimosan 9580 58.8 1 58.8
Fordson Power Major 38.2 1 38.2 Massey Ferguson 5445 70 1 70
Foton 504 47 2 94 Massey Ferguson 5450 77.3 1 77.3
Hattat A 100 67.6 1 67.6 Massey Ferguson 5460 80.9 1 80.9
Hattat A 110 75 2 150 Massey Ferguson 6716S 110.3 1 110.3
Hattat T4075 55.1 1 55.1 Nem Holland TT65 47.8 1 47.8
Hattat T4090 67.6 1 67.6 New Holand TD 100 73.5 1 73.5
Hattat T4100 75 1 75 New Holand TD55B 40.4 1 40.4
John Deere 5065E 49.3 1 49.3 New Holand TD65S 47.8 1 47.8
John Deere 5093E 68.4 3 205.2 New Holand TD75D 52.9 1 52.9
John Deere 5095M 69.9 1 69.9 New Holland 55-56S 40.4 1 40.4
John Deere 5105M 78 1 78 New Holland L95 70 1 70
John Deere 5715 65.4 1 65.4 New Holland TD 100 73.5 1 73.5
John Deere 6120R 88.2 1 88.2 New Holland TD110D 80.9 1 80.9
John Deere 6210R 176 1 176 New Holland TD65S 47.8 1 47.8
Toplam 159 9037.8
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Cizelge 5. Traktorlerin gii¢ dagilimi
Table 5. Power distributions of tractors
Giig degerleri I.Grup II. Grup III. Grup IV. Grup Traktor sayis1 Yiizdesi Ortalama

(kW) (adet) (%) giic (kW)
29.4-39.9 7 7 1 5 20 12.66 35.43
40-49.9 5 13 4 15 37 23.42 45.51
50-59.9 - 8 6 21 35 22.15 53.53
60-69.9 3 6 9 25 43 27.21 65.90
70-79.9 - 4 2 9 15 9.49 75.74
80-89.9 - - 1 5 6 3.79 84.26
90 + - - - 2 2 1.27 126.07
Toplam 15 38 23 82 158 100

Cizelge 6'min incelenmesiyle igletmelerde toplamda 1 040 adet ve 29 farkh tarim
makinesi oldugu, traktér basina diisen makine sayisinin 6.58 makine ve traktor basina
disen makine kiitlesinin 6.4 ton oldugu, ayrica isletme basina diigen alet-makine
sayisinin ise 9.45 oldugu hesaplanmigtir. Tarim makineleri sayilari, tarim arabasi
(204 adet), kulakli pulluk (98 adet), kiiltivator (58 adet), piilverizatér (56 adet), kombine
hububat ekim makinesi (52 adet), yem karma ve dagitma makinesi (40 adet) ve ot tirmig1
(25 adet) seklinde siralandigi goriilmektedir. Burada dikkat ceken dérdiincii grupta
bulunan dort isletmede beko loder bulunmasidir.

Traktor basina disen makine sayisinda 1.29 ile tarum arabasi ilk sirada olup, bunu
sirasiyla, 0.62'lik degerle kulakli pulluk, 0.47’lik degerle kiiltivator ve 0.35’1ik bir deger ile
pilverizator izlemektedir. Turkiye'de traktor basina diisen tarim arabasi sayist 0.71,
kulakli pulluk sayis1 0.67, kiiltivatér sayis1 0.32 ve pilverizator sayisi ise 0.3271ik
degerlerde bulunmaktadir (Evcim ve ark., 2015).

Anket yapilan siit s1g1r1 igletmelerinde kaba yemin tiretilmesi gereklidir. Bolgede kaba
yem ihtiyaci, yem bitkileri tarim1 yapilan arazilerden karsilanmaktadir. Isletme basina
diisen traktorle calistirilan diskli stkmali ve tamburlu ¢ayir bigme makinelerinin sayisinin
0.06 ve 0.19, balya makinesinin 0.16, sap toplamali saman yapma makinesinin 0.05, yem
ezme makinesinin 0.12, ot tirmigmnin 0.23 ve misir silaj makinesinin 0.21 olmasi
nedeniyle, igsletmelerin kaliteli kaba yem tretim sorununu ¢oézecek bir yapiya sahip
olmadiklar: séylenebilir.
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Cizelge 6. Tarim igletmelerindeki makine sayisi, yaygin tipi, isletme ve traktor basina diisen makine sayilari
Table 6. Number of machines in agricultural enterprises, common type, number of machines per enterprise and tractor

Makine sayis1 Tipi/ kapasitesi Degisim sinir Yaygin tipi Yaygin tipin Makine/ Makine/ Toplam

Alet ve Makineler (adet) orani (%) Traktor Isletme kiitle (kg)
1 2 3 4 Toplam
Kulakl pulluk 11 33 21 36 98 Govde 3-7 4 Govdeli 45.9 0.62 0.89 64 000
Dipkazan S 5 3 16 24 Ayak 1-11 7 Ayakh 33.3 0.15 0.22 15 700
Diskaro - 2 3 15 20 Disk 16-26 22 Diskli 45.0 0.13 0.18 23 250
Digli tirmik S 1 3 12 16 Dig 50-100 60 Digli 37.5 0.10 0.15 8 740
Santriftij giibre dagitma - 2 3 15 20 Depo kapasitesi 300-1000 L 500 L 23.8 0.13 0.18 7900
Kombikiirim - 1 - 4 5 Is genisligi (m) 2.25-4.60 2.69 60 0.03 0.05 3010
Kombine hububat ekim makinesi 3 21 9 19 52 Sira 16-24 18 Siral 28.8 0.33 0.47 50 440
Pilverizator 4 15 14 23 56 Depo kapasitesi 400-2000 L 600 L 41.1 0.35 0.51 10 900
Kiiltivator 12 41 5 58 Ayak 9-15 Ayaklh 11 Ayakh 42.7 0.47 0.68 65 675
Merdane S 11 3 10 24 Is genisligi (m) 2.6- 3.6 3 58.3 0.15 0.21 18 360
Misir silaj makinesi 1 3 5 14 23 Sira Tek-iki sira Tek sira 73.9 0.15 0.21 16 400
Ot tirmig S 3 5 17 25 Unite 41u 4lu 100 0.16 0.23 4375
Pnomatik hassas ekim makinesi 1 3 1 12 17 ) Unite 4-6 6 Uniteli-giibreli 52.9 0.11 0.15 18 550
Dik milli rototil 1 5 2 7 15 Is genisligi (m) 2-3.5m 3m 40 0.09 0.14 16 615
Yatay milli rototil - - 3 12 15 Is genisligi (m) 2.1-3.1m 3.1m 40 0.09 0.14 16 220
Sap toplamali saman yapma mak. S s 2 3 5 Is genigligi 1.65 m 1.65 100 0.03 0.05 9 250
Harman makinesi 5 10 4 2 21 Depolu-deposuz - Deposuz (elemeli savurmal 47.6 0.13 0.19 34 500
Su tankeri S 5 6 11 22 Depo kapasitesi 2-10 ton 5 ton 36.4 0.14 0.20 22 370
Tarim arabasi 13 51 42 98 204 Kapasite 3.5t tek dingil- 12 t 5 ton 28.43 1.29 1.85 385 500
Diskli stkmali cayir bicme - 2 1 9 12 Is genisligi (m) 1.65-3 m 3m 55.5 0.06 0.05 12 700
makinesi
Tamburlu ¢ayir bigme makinesi 1 2 2 16 21 Tambur sayisi 2ile 4 2 80.9 0.13 0.19 6229
Yem karma ve dagitma makinesi - 2 6 32 40 Depo kapasitesi 3-16 m3 6 m?3 47.5 0.25 0.36 119 700
Yem ezme makinesi - 6 - 7 13 Calisma 0.5-1 kg h'! 0.5kgh 38.5 0.08 0.12 1205
kapasitesi
On yiikleyici kepce o 1 4 19 24 Kepce kapasitesi 0.58- 0.72 m3 0.72 m3 87.5 0.15 0.21 8 865
Arka yiikleyici (ii¢ nokta 1 7 6 5 19 Lif sayis1 1-2 Cift 1ifli (0.28 m?) 52.6 0.12 0.17 5415
baglantily)
Kanal agma makinesi o 2 o 1 3 Genislik ve 0.35-1 m 0.35-1 m 100 0.02 0.03 2 700
derinlik
Balya makinesi - 2 2 14 18 Dikdértgen ve rulo  Dikdértgen ve rulo  Dikdértgen (hasbayly) 72.2 0.11 0.16 46 300
Giibreli ara ¢apa makinesi 1 3 3 9 16 Unite 5-7 6 lUniteli 50 0.10 0.15 13 800
Cekilir pancar hasat makinesi 1 - - - 1 Sokiict sira Bir soktct Bir sokiicii (2.7 t 100 0.006 0.009 3 000
kapasiteli)
Beko loder* - - - 4 4 On yiikleyici ve - - - -
kazici

Toplam 1040 1011 669

*Toplam sayiya ve hesaplamalarda kiitlesi dahil edilmemisgtir.
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Kaba ve kesif yemlerin hayvanlara homojen dagitilmasinda kullanilan yem karma
ve dagitma makinesinin igletme bagina sayis1 0.36 adet olarak bulunmustur. Bu
degerin diger kaba yem iiretiminde kullanilan makinelere gore daha yiliksek seviyede
oldugu belirlenmigtir. Ancak bu makinelerin %80’inin dérdinci grupta yer alan
1sletmelerde bulunmasi, bagka bir ifade ile stirti biiytkligi daha az olan ikinci gruptaki
isletmelerde %5 ve lglincli gruptaki igletmelerde ise %15 oraninda bulunmasi dikkat
cekmektedir. Bu durum kiiciik 6lgekli isletmelerde yem karma ve dagitma isleminin
1sgiici kullanilarak yapildigini gbostermektedir. Konu ile ilgili olarak Kahramanmaras
ilindeki siit sigirciligr yapilan igletmelerde 0.21 adet yem karma ve dagitma makinesi
bulundugu (Giizel ve Aybek, 2017), Sakarya ili Karasu ilgesinde ise siit sigir1
igsletmelerinin %80'inde (150 igletmenin) yem karma ve dagitma makinesinin
bulundugu bildirilmektedir (Bahat, 2015).

Genel olarak degerlendirildiginde, Karaman ilindeki siit sigir1 igletmelerinin tarim
makineleri sayisinin ve cesitliliginin Turkiye ortalamalarinin tizerinde oldugu
belirtilebilir.

Giibre mekanizasyonu

Karaman ilindeki sit sigir1 isletmelerinin giibre temizleme durumlar1 Cizelge 7’de
verilmigtir. Isletmelerin genel olarak %12.7’si giibreleri, giibre kanalindan otomatik
siyiricllar yardimiyla, %54.51 traktor ve %32.7'si ise iggiicii yardimiyla kiirekle
temizledigi belirlenmistir. Birinci grupta bulunan isletmelerin %86.7’sinin, ikinci
grupta %50’sinin, li¢liinci grupta ise %5.3’Unun elle gibreyi temizledigi, dérdiinci
gruptaki igletmelerin ise %43.8'inin otomatik siyiriciyla ve %56.2°sinin ise traktor
yardimiyla giibreyi temizledigi tespit edilmistir. Isletme biiyiikliikleri ile uygulanan
glbre temizligi yontemleri arasindaki iligki istatistiksel olarak anlamli bulunmustur
(p<0.01). Sakarya ili Karasu ilcesinde isletmelerin %9unda zincirli siyiricilar ile giibre
temizligi yapildig1 (Bahat, 2015), Aydin ilinde siit sigircilig1 isletmelerinin %67.8’inde
ahirdan traktor kiiregi ile ve %10.4’{inde ise giibre siyiricisi kullanilarak (Soyer, 2014),
Kahramanmarasg ilinde ise igletmelerin %2.79’unun paletli sonsuz zincirli gétiiriicu ile
giibre temizligi yapildig1 (Giizel ve Aybek, 2017) bildirilmektedir.

Cizelge 7. Isletmelerde giibre temizliginde mekanizasyon durumu
Table 7. Mechanization status in manure cleaning in enterprises
Isletme gruplar

Islemler 1. grup 2. grup 3. grup 4. grup
(2-10 bag) (11-40 bag) (41-100 bag) (101+ bag) Toplam

Gibre temizligi

Otomatik siyirici ile - - - 14 (%43.8) 14 (%12.7)
Elle (kiirekle) 13 (%86.7 22 (%50.0) 1 (%5.3) - 36 (%32.7)
Traktor yardimi ile 2 (%13.3) 22 (%50.0 18 (%94.7) 18 (%56.2) 60 (%54.5)
(x2=76.804; SD=6; P-degeri=0.000)

Giubre mekanizasyonu ile ilgili olarak 14 isletmede kullanilan siyiricilarin, 13
tanesinin paletli sonsuz zincirli ve 1 tanesinin ise halath tipte oldugu saptanmistir. Bu
sistemlerin ginde 1 ile 5 kez calistirnldigl, otomatik gubre siyiricis1 bulunan
isletmelerin %21.4’iinde giinde 1 kez, %28.6’sinda 4 kez, %21.4’tinde 3 kez ve %14.3’lik
oranlarla ise 2 ve 5 kez calistirildigi saptanmigtir. Otomatik siyiric1 kullanan
isletmelerin, siyiricilar: tek seferde ¢aligtirma stirelerinin 15 ile 60 dakika arasinda
degistigi, en yliksek oranin ise %35.7’serlik oranlar ile 20 ve 30 dakika ve otomatik
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siyiricilarin tek seferde ortalama galistirilma siiresinin ise 31.8 dakika oldugu tespit
edilmigtir.

Giibre temizligini elle (kiirekle) yapan 36 isletmede toplamda 44 isgiiciiniin
bulundugu ve giibre temizligi yapan ortalama iggiici sayisinin 1.2 oldugu tespit
edilmigtir. Elle yapilan giibre temizligi i¢in %27.8 oraninda gegen siirenin 30 dakika
oldugu, toplam temizligin 1025 dakika stirdiigi, temizleme stirelerinin 10 ile 60 dakika
arasinda degistigi ve ortalama temizleme siiresinin 28.5 dakika oldugu belirlenmigtir.
Ayrica bu igletmelerin tamaminda giibrenin giinde temizlenme sayisinin iki kez oldugu
saptanmigtir.

Traktor ile giibrenin temizlendigi toplam 60 isletmede, 30 giin aralikla glibre
temizligi yapan isletmelerin orani %25, 15 giin aralikla yapan igletmelerin orani ise
%23.3 ve 7 gun aralikla yapan igletmelerin oranmi ise %18.3 olarak belirlenmigtir.
Traktor on ve arka yilikleyici kullanarak yapilan glbre temizlemede, temizleme
araliginin 1 ile 90 giin (3 ay) arasinda degistigi ve ortalama giibre temizleme giin
sayisinin ise 19.25 giin oldugu tespit edilmigstir. Genel olarak traktér kullanilarak
yapilan giibre temizliginde, islem stirelerinin 1 ile 10 saat arasinda degistigi ve en
yiksek oranlarin ise 2 ve 4 saat ile %18.3’erlik oranlarda belirlenmis olup, ortalama
giibre temizleme siiresi ise 4.4 saat olarak saptanmigtir. Karaman ilindeki siit sigir1
isletmelerinde traktor yardimiyla yapilan giibre temizliginde kullanilan iggliciiniin 1
ile 5 arasinda degistigi, %48.3 oraninda traktor ile giibre temizligi yapan isletmelerde
2 iggliciniin ve %35 oraninda ise 1 iggliciinin ¢aligtirildigl, ortalama iggiicii sayisinin
ise 1.92 oldugu belirlenmistir.

Anket kapsaminda Karaman ilindeki siit sigir1 igsletmelerinin %4.1’inin elde ettikleri
hayvan gubresini depolamadiklari, %12.7’sinin gibre c¢ukurunda depoladigi,
%178.2’sinin acgik alanda glbreyi depoladigi ve %3.6’sinin ise barinak iginde gibreyi
depoladigl, ayrica isletmelerin sadece %6.4’lintin seperatér kullanarak giibre ayirimi
yaptig1 saptanmistir. Giizel ve Aybek (2017), Kahramanmaras ilinde isletmelerin
%86.13’tntin giibreyi depoladigini, giibre depolayan igletmelerin %85.92’sinin agik
alanda, %14.8'1inin gibre ¢cukurunda depoladigini ve sadece isletmelerin %1.64iinde
glbrelerin kati ve sivi ayirma isleminin yapildigini bildirmektedir. Giibre
degerlendirme sekli olarak ise sut sigir1 igletmelerinin %74.5’inin elde ettikleri kati
giibreyi kendi tarlasina attiklari, %20’sinin ticari olarak sattigi, %1.8'inin altlik olarak
kullandig1 ve %3.6’sinin ise hem tarlaya attigr hem de sattig1 tespit edilmistir. Boz
(2013) Dogu Akdeniz Bélgesinde isletmelerin %62.5’inin, Soyer (2014) Aydin Ilinde
%87.4liniin ve Gilizel ve Aybek (2016) ise Kahramanmaras ilinde isletmelerin
%73.16’s1n1n giibreyi tarlalarina attigini belirtmiglerdir.

Yemleme ve sulama mekanizasyonu

Anket sonuclarina goére isletmelerin %66.4%iniin yem dagitimim elle (@sgiicii
kullanarak) ve %33.6’'sin1 yem karma dagitma makinesi ile yaptig1 saptanmistir
(Cizelge 8). Isletme biiyiikliikkleri dikkate alindiginda birinci gruptaki isletmelerin
tamaminin elle, ikinci gruptaki isletmelerin %95.5’inin, ticiincii gruptaki igsletmelerin
%73.7sinin ve dordunci gruptaki isletmelerin ise %6.3’Untin yem dagitiminm elle
yaptig1 tespit edilmistir. Baska bir ifade ile ticiincii gruptaki isletmelerin %35.7’si ve
dérdinci gruptaki igletmelerin ise %93.4’inlin yem dagitimini, yem karma ve dagitma
makinesi ile yaptigini ve bu oranlar arasindaki iliskinin istatistiksel olarak 6nemli
oldugu vurgulanabilir (p<0.01).
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Cizelge 8. Siit si1g1r1 isletmelerinde yemleme durumu
Table 8. Feeding status in dairy farms

Isletme gruplar

Ozellikler 1. grup 2. grup 3. grup 4. grup

(2-10bag)  (11-40 bag) (41-100 bag)  (101+ bag) Genel
Yem dagitim
Yem karma ve dagitma makinesi ile - 2 (%4.5) 5 (%26.3) 30 (%93.8) 37 (%33.6)
Elle 15 (%100) 42 (%95.5) 14 (%73.7) 2 (%6.2) 73 (%66.4)

(x2=76.543; SD=3; P-degeri=0.000)
Yemlik tipi

Kovali tip 1 (%6.7) 10 (%22.7) 6 (%31.6) g 17 (%15.2)
Kilitli tip 5 (%33.3) 13 (%29.5) 6 (%31.6) 22 (%68.8) 46 (%41.8)
Yalak tip 4 (%26.7) 10 (%22.7) 5 (%26.3) 3 (%9.4) 22 (%20.0)
Serbest 5 (%33.3) 11 (%25.0) 2 (%10.5) 7 (%21.9) 25 (%22.7)
(X2=23.046; SD=9; P-degeri=0.006)

Isgiicu

1 kisi 14 (%93.3) 34 (%717.3) 13 (%68.4) 20 (%62.5) 81 (%73.6)
2 kisi 1 (%6.7) 10 (%22.7) 6 (%31.6) 9 (%28.1) 26 (%23.6)
3 kisi - - - 3 (%9.4) 3 (%2.7)
(x2=11.414; SD=6; P-degeri=0.076)

Giinde yemleme sayisi

2 kez 15 (%100) 44 (%100) 19 (%100) 31(%96.9) 109 (%99.1)
3kez - - - 1 (%3.1) 1 (%0.9)
(x2=2.460; SD=3; P-degeri=0.483)

Sulama durumu

Otomatik suluklarla 6 (%40) 33 (%75) 14 (%73.7) 30 (%93.8) 83 (%75.8)
Isletme i¢i havuz 5 (%33.3) 9 (%20.5) 4 (%21.1) 1 (%3.1) 19 (%17.3)
Koy tipi havuz 4 (%26.7) 2 (%4.5) 1 (%5.3) 1(%3.1) 8 (%7.3)

(x2 =19.361; SD=6; P-degeri=0.004)

Barinaklarda bulunan yemlik tipleri incelendiginde isletmelerin %41.8’inde kilitli
tip, %22.7sinde serbest olarak, %20’sinde yalak tip ve %15.5inde ise kovali tip
yemlikler bulunmaktadir. Isletme biiytikliikleri ile kullanilan yemlik tipleri arasindaki
iligki istatistiki olarak 6nemli bulunmustur (p>0.01). Kilitli tip yemliklerin isletme
biyikligine gére bulunma oranlar: sirasiyla %33.3, %29.5, %31.6 ve %68.8 olarak
belirlenmisgtir.

Yemlemede kullanilan iggiici sayis1 degerleri incelendiginde, isletmelerde yemleme
isleminde 1 ile 3 arasinda is¢i caligtirildigl, toplam is¢i sayisinin 142 oldugu ve
yemlemede igletme bagina ise 1.3 is¢i diistiigli saptanmistir.

Isletmelerin %99.1’inde giinde sabah ve aksam olmak tizere iki yemleme yapildig
sadece dordiincii gruptaki bir isletmede (%0.9) giinde ii¢ kez yemleme yapildig:
belirlenmistir.

Genel olarak Karaman ilindeki siit sigir1 igletmelerinin  %75.4’G  otomatik
suluklardan, %17.3'i igletme i¢i havuzlardan ve %7.3i koy tipi havuzlardan
hayvanlarin su ihtiyacim karsilamaktadir. Isletme gruplarina bakildiginda, otomatik
suluklarin en fazla kullanildig1 grup %93.8 ile dérdiincii grup (100 ve iizeri bas) olurken,
birinci, ikinci ve Ugilincii grupta ise oranlar sirasiyla %40, %75 ve %73.7 olarak
bulunmustur. Bahat (2015), Sakarya ili Karasu ilgesinde isletmelerde suluklarin
%11’inin yalaktan, %37’sinin kova geklindeki suluklardan ve %52’sinin ise otomatik
suluklardan olustugunu ve otomatik suluklarin kullaniminin biuyik isletmelerde
kullanim oranini %92.31 olarak bildirmektedir.

Sagim mekanizasyonu

Anket calismasi yapilan sit sigir1 isletmelerinde elle sagim yapilmadigi ve isletmelerin
tamaminda seyyar siit sagim makinesi bulundugu tespit edilmistir. Bir kova ve iki
bagliktan olusan seyyar siit sagim makinelerinin toplam sayisi 146 adet olup, isletme
basina 1.3 seyyar siit sagim makinesi diismektedir.
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Karaman ilindeki siit sigir1 isletmelerinin %62.7’sinde (69 igletme) sagim yeri
bulunmamakta ve %34.3’tinde ise (41 igletme) sagim yeri bulunmaktadir.

Sagim yeri bulunan isletmelerin sagim yeri tipleri Cizelge 9da verilmistir. Igili
(Cizelgenin incelenmesiyle stit boru hattina sagim yapan isletmelerin %41.3’iinde g¢ift
sirali paralel, %29.2’sinde ¢ift sirali balik kilgigl, %14.6’sinde tek sirali balik kilgigi,
%4.9unda tek sirali paralel ve %9.8'inde ise kilit arkas1 sagim yeri bulunmaktadir.
Isletmelerin %56.2’sinde tek veya cift sirali paralel sagim yerinin bulunmasi, sagimdan
sonra hizli ¢ikigin saglanmasi igin tercih edildigi belirlenmisgtir.

Cizelge 9. Sagim yerlerinin tipleri
Table 9. Types of milking parlors

Sagim yerinin tipi ve gekli Yiizde (%) Sagim yerinin tipi ve sekli Yiizde (%)

1x8 balik kil¢ig: 2.4 2x15 balik kil¢igi 2.4
1x10 balik kilgig 7.3 2x15 paralel 2.4
1x12 balik kilgag: 4.9 2x16 paralel 2.4
1x6 paralel 2.4 2x20 paralel 2.4
1x8 kilit arkas1 4.9 2x4 paralel 7.3
1x8 paralel 2.4 2x5 balik kilgig: 9.8
1x9 kilit arkas1 2.4 2x5 paralel 4.9
1x2 kilit arkas1 2.4 2x6 balik kilgig1 2.4
2x10 balik kilgag: 7.3 2x6 paralel 2.4
2x10 paralel 7.3 2x7 paralel 4.9
2x12 balik kilgig: 2.4 2x8 balik kil¢ig1 4.9
2x12 paralel 4.9 2x8 paralel 2.4

Toplam 100

Sit boru hattina sagim yapan igletmelerde bulunan toplam baglik sayilarinin 2 ile
40 baghk arasinda degistigi ve igletmelerin %22’sinde 10 bashik oldugu bulunmustur.
Ayrica toplam 619 sagim baglig1 oldugu ve isletme bagina yaklagik 15.1 adet sagim
baghig: distiigi tespit edilmigstir.

Karaman ilindeki boru hattina sagim yapan 41 igletmeye ait sagimhanelerin baz
ozellikleri Cizelge 10’da verilmigtir. Siit Gretimi yapan igletmelerin %22’sinin siri
yonetim programini kullandig1 ve program ile igsletmelerin giincel hayvan sayisi, st
tretimi, hastalik ile kizginlik takibi yaptiklar: saptanmistir. Isletmelerin %61’inde siit
6lcer bulundugu, siit 6lgerlerin sisteme sonradan ilave edildigi, sagim baghgina gore az
sayida oldugu belirlenmis olup, tim siirtideki ineklerin siit verimlerinin kontrol
edilmedigi tespit edilmigtir. Sagim sisteminde vakum pompasinin ariza yapmasi siit
sagimin gecikmesine, hayvanlarda rahatsizliga ve verim disisiine neden
olabilmektedir. Anket kapsaminda igletmelerin %56.1’inde yedek vakum pompasinin
bulundugu saptanmigtir. Regiilator icerisindeki filtrelerin diizenli olarak temizlenmesi,
vakum Dbasmecr degerinin sagim boyunca sabit kalmasi acisindan o6nemlidir.
Isletmelerin sadece %12.2’sinin regilatér icerisindeki filtreleri diizenli olarak
temizlemedikleri, %87.8'inin ise regilator icerisindeki filtreleri duzenli olarak
temizledikleri belirlenmistir.

Boruya sagim yapan isletmelerde, sagim sisteminde kullanilan kaucguk ve silikon
meme lastiklerinin zamaninda degistirildigi belirlenmigtir. Stit ve nabiz hortumlar
zamanla sertlesmemeli ve deforme olmamalidir. Bu hortumlarin yilda bir
degistirilmeleri gerekmektedir. Bu konuda igletmelerin yaklasik %75’inin siit ve nabiz
hortumlarinin degistirilmesi hususunda hassas davrandigi gorilmektedir. Sagim
makinelerinde yapisal ve iglevsel 6zelliklerin yilda en az iki kez kontrol edilmesi ve
makinelerin zamaninda bakimina énem verilmesi gerektigi belirtilmektedir (Tascan,
2008).
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Sit hattinin egimi, sistemin yikanmasi sonrasi borularda su kalmamasi igin ve
sonraki sagimda siite su karismamasi acisindan énemlidir. Isletmelerin %95.1’inde siit
hattinda egim oldugu belirlenmigtir. Sagim sistemlerinde kullanilan elektronik
parcalarin korunmasi i¢gin gii¢ kaynagina ihtiya¢ vardir, ancak igletmelerin sadece
%29.3inde gii¢ kaynagi bulundugu tespit edilmistir. Elektrik kesintilerinin sagim
zamaninl aksatmamasi i¢in jeneratoriin devreye girdigi isletmelerin orani ise %68.3
olarak bulunmustur. Isletmelerin yaklagik dértte ticiinde otomatik yikama sisteminin
oldugu, bu sistem siit kalintilarinin yikanmasi agisindan 6nemlidir.

Cizelge 10. Sagimhanelerin bazi 6zellikleri
Table 9. Some features of milking parlors

Sagimhanelerin ve sagimin baz 6zellikleri Evet (%) Hayir (%)
Stirti yonetim programi kullaniyor musunuz? 22.0 78.0
Stit 6lger var m1? 61.0 39.0
Yedek vakum pompasi var mi? 56.1 43.9
Regiilator igindeki filtreleri diizenli temizliyor musunuz? 87.8 12.2
Meme lastiklerini diizenli degistiriyor musunuz? 100 -
Stit ve nabiz hortumlarim diizenli degistiriyor musunuz? 75.6 24.4
St hattinin meyili var mi1? 95.1 4.9
Gii¢ kaynag1 var mi1? 29.3 70.7
Jenerator var m1? 68.3 31.7
Otomatik yikama sistemi var mi1? 75.6 24.4
Teknik servisin gelme stiresi 12 saatin altinda m1? 51.2 48.8
Yedek parg¢a sorunu yasiyor musunuz? 14.6 85.4
Sagim makinesinin bakimlarina dikkat ediyor musunuz? 70.7 29.3
Sagimcilarin egitimi var mi? 65.9 34.1

Sagim sisteminde olusan arizaya yaklagik bir sagim araligina gelen 8 veya 12 saat
igerisinde, isletmelerin %51.2’sine teknik servisin geldigi ve arizaya miidahale edildigi,
sagim sistemi ile ilgili igletmelerin yedek parca sorunu olanlarin oraninin %14.6 oldugu
ve igletmelerin %70.7sinin sagim makinasinin (giinliik / haftahk / ayhk / yillk)
bakimlarina dikkat ettikleri belirlenmistir.

Boru hattina sagim yapan 41 isletmede (%65.9), sagimhanelerde calisan
sagimcilarin sayisinin 1 ile 9 arasinda degistigi ve igletmelerin %39’unda ortalama 2
sagimc1 c¢alistigl tespit edilmistir. Ayrica siit sagim mekanizasyonu gelismis bu
isletmelerde toplam sagimeci sayisinin 91 oldugu, bunlardan 5 tanesinin (%5.5) bayan
sagimc1 oldugu ve igletme basina 2.2 sagimci distiigii belirlenmistir. Sagimecilarin
egitim durumlar1 incelendiginde, sagimcilarin %4.4Gnlin egitiminin olmadigi,
%19.8’1nin okur-yazar, %42.9’'unun ilkégretim, %15.4’iinlin orta 6gretim, %17.6’s1n1n ise
lise mezunu ve ortalama yaslarinin ise 35.8 yil oldugu tespit edilmistir.

Sagimhanesi bulunan igletmelerin %65.9unun sagimcilara egitim aldirdigi,
%34.1’'inin ise herhangi bir egitim aldirmadig: tespit edilmigtir. Sagimcilara egitim
verilen 27 igletmede, egitimin verildigi birimler Sekil 4’de verilmistir. Sekilden de
goruldugu gibi verilen egitimin %48.1'inin sagim makinesi treten firma, %14.81
isletmede bulunan teknik personel ve %11.11 ise Tarim Il/ilge Miidiirliiklerinden
siralamasiyla en yiiksek oranlarda tespit edilmistir. Bunu %7.4’lik oranlarla 6zel
hizmet aldiklar1 ¢ift¢i danigmanlari ve mesleki birlikler takip etmigtir. Yine aymi
oranda sagim makinesi Ureten firma ile igletmede bulunan teknik personelin beraber
egitim verdigi grup izlemigtir. Bat1i Akdeniz Boélgesindeki siit sigir1 igletmelerinin
%75’inin sagim konusunda egitim aldigi, %25’inin ise egitim almadigi, yapilan egitimin
%58.33’inlin ise sagim makinesi saglayan firma tarafindan verildigi bildirilmektedir
(Dogac1 ve Bayhan, 2016).
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Boru hattina sagim yapan igletmelerde verilen egitim konular1 Sekil 5’de
gorillmektedir. Isletmelerin %81.5'inde egitim konusu olarak sagim makinesinin
kullanilmasi, sagim rutini, sagim hijyeni ve is giivenligi konularini kapsadig: tespit
edilmistir.

!
J

uapusgsgpuang1r

BRI} 12U, LUBURING 2paua)
Jauwias epef aloid

UL Usjain saupje wifes
Usplale adoo) a4 Hig e
UapuEpnyEn by we )
ISIpURUNY| [BRNT/RUIAEA UBLR G
IBPaYS ALY + BULIY UZja.N [SaupjeL wifeg

ewdiup S LepibE jawzy Rz
apauad) + UL aujaIn Isauew wifes |

Sekil 4. Egitimin verildigi birimlerin dagilimi
Figure 4. Distribution of education units

1 00—

G0

Dagilm (%)

40—

20—

I l I 1 | ]

T T T - T T

=afim makinesini Sadim rutini Sadim hilveni Iz advenlidi Bltin kanular
kullanmaya ve

balkimina yénelik

Sekil 5. Egitimin verildigi konular
Figure 5. Educational subjects

Anket yapilan igletmeler genel olarak degerlendirildiginde, sagim sayisi, sagimda
kullanilan igglicli, sagim siiresi ve siit sogutma tanki ile ilgili bilgiler Cizelge 11’de
gorilmektedir. Isletmelerde %95.5 oraninda giinde 2 sagim yapildig1, giinde 3 sagimin
yapildig1 4 isletme dérdiincii grupta yer almaktadir. Bintas (2011), Trakya Bélgesindeki
isletmelerin %89unda 2 sagim, %I11’inde ise 3 sagim uygulamasi yapildigini
bildirmektedir.
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Cizelge 11. Sagim igleminde iggiicii ve zaman tiketimi
Table 11. Labor and time consumption in milking

Igletme gruplar:

Islemler 1. grup 2. grup 3. grup 4. grup

(2-10 basg) (11-40 basg) (41-100 bag)  (101+ bas) Toplam
Sagim sayisi
2 15 (%100) 44 (%100) 19 (%100) 27 (%84.4) 105 (%95.5)
3 - - - 5 (%15.6) 5 (%4.5)
(x2=12.768; SD=3; P-degeri=0.005)
Sagimda isgiicii (isglicii
1 14 (%93.3) 33 (%75) 13 (%68.4) 7 (213.9) 67 (%60.9)
2 1 (%6.7) 11 (%25.0) 6 (%31.6) 16 (%50.0) 34 (%30.9)
3 - - - 5 (%15.6) 5 (%4.5)
4 - - - 2 (%6.2) 2 (%1.8)
6 - - - 1 (%3.1) 1 (%0.9)
9 1 (%3.1) 1 (%0.9)
(x2=41.267; SD=15; P-degeri=0.000)
Bir sagim isleminin siiresi (dakika)
15 1 (%6.7) - - - 1 (%0.9)
20 2 (%13.3) 1(%2.3) - - 3 (%2.7)
25 - 1(%2.3) - - 1 (%0.9)
30 7 (%46.7) 6 (%13.6) 1 (%5.3) - 14 (%12.7)
40 - 4 (%9.1) - - 4 (%3.6)
45 4 (%26.7) 3 (%6.8) 1 (%5.3) - 8 (%17.3)
50 1 (%6.7) 1 (%2.3) - - 2 (%1.8)
60 - 19 (%43.2) 10 (%52.6) 9 (%28.1) 38 (%34.5)
75 - 2 (%4.6) - - 2 (%1.8)
80 - 1 (%2.3) - - 1 (%0.9)
90 - 6 (%13.6) 2 (%10.5) 1(%3.1) 9 (%8.2)
120 - - 5 (%26.3) 16 (%50) 21 (%19.1)
150 - 1 (%3.1) 1 (%0.9)
180 - - - 5 (%15.6) 5 (%4.5)
(x2=112.263; SD=39; P-degeri=0.000)
Siit sogutma tanki bulunmasi
Var = 4 (%9.1) 5 (%26.3) 31 (%96.9) 40 (%36.4)
Yok 15 (%100) 40 (%90.9) 13 (%68.4) 1 (%3.1) 69 (%62.7)
Siit toplama merkezine - - 1 (%5.3) ® 1 (%0.9)
(x2=79.108; SD=6; P-degeri=0.000)
ki glinliik st depolama imkam
Var - 2 (%4.5) 1 (%5.3) 1(%3.1) 4 (%3.6)
Yok 15 (%100) 42 (%95.5) 18 (%94.7) 31 (%96.9) 106 (%96.4)

(x2=0.837; SD=3; P-degeri=0.841)

Sagimda kullanilan iggiicii durumu degerlendirildiginde, dérdiincii grupta bulunan
isletmelerde sagimec1 sayisinin fazlaligi (77 isgiicii) ve sagim siiresinin uzunlugu dikkat
cekmektedir. Genel olarak sagimcilarin %44.5’1 dérdiincii grupta yer almakta, toplamda
173 sagimci bulunmakta, sayilar1 1 ile 9 arasinda degismekte ve isletme basina ise 1.6
sagimecl diismektedir.

Genel olarak igletmelerde bir sagim siiresinin 15 ile 180 dakika arasinda degistigi,
toplam sagim siiresinin 8 030 dakika ve igletme bagina sagim siiresinin 73 dakika
oldugu belirlenmigtir.

Isletmelerin %62.7’sinde sogutma tanki bulunmamaktadir. Isletme buyiikligiine
bagl olarak elde edilen sagimeci sayilari, sagim sayisi, sagim siiresi ve sogutma tanki
varhgi arasindaki iligki istatistiksel olarak %1 6nem seviyesinde anlamli bulunmustur.
Ayrica genel olarak iki giinliik siitii depolama imkéani olan isletme sayisinin 4 (%3.6)
oldugu ve igletme biyukligi ile arasinda istatistiksel olarak bir iligki olmadig
belirlenmistir.

Genel olarak sogutma tanki bulunan 40 siit sigir1 igsletmesinin sogutma tanki
kapasitelerinin 500 ile 23 000 L arasinda degistigi ve en yaygin sogutma tanki
kapasitesi degeri %22.5°1ik oranla 2 000 L kapasite degerinde oldugu belirlenmisgtir.
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Toplam sogutma tanki kapasitenin 156 000 L oldugu ve igletme basina ise 3 900 L
sogutma tanki kapasitesi bulundugu saptanmistir. Trakya Bolgesindeki igsletmelerin
%30’unun siit sogutma tankina sahip oldugunu, Kars ilindeki sit sigir1 isletmelerinin
%96.84’linde (Tilki ve ark., 2013) ve Malatya ilindeki igletmelerin ise %72.7’sinde siit
sogutma tankinin bulunmadig1 (Késeman ve ark., 2016) bildirilmektedir.

Havalandirma, serinletme ve aydinlatma durumu

Anket yapilan isletmelerde elde edilen havalandirma, serinletme ve aydinlatma
durumlar Cizelge 12’de verilmistir. Genel olarak igletmelerin %91.8inde dogal
havalandirma, %6.4"iinde mekanik havalandirma yéntemi kullanmakta olup, %1.8'inde
ise kapal bagh ahir oldugu icin havalandirmanin yapilmadig1 belirlenmistir. Isletme
gruplarina gére dogal havalandirma kullanimi birinci gruptaki isletmelerde %87.6,
ikinci gruptaki igletmelerde %93.2, ti¢lincii gruptaki igletmelerde %100 ve dordiinci
gruptaki igletmelerde ise %87.5 olarak saptanmistir. Mekanik havalandirma kullanimi
birinci gruptaki isletmelerde %.6.7, ikinci gruptaki igletmelerde %4.5, tiglincii gruptaki
isletmelerde bulunmadigi goriliirken, dérdiincti gruptaki igletmelerde ise %12.5 olarak
tespit edilmistir. Isletme olgegi biiyiidiikce kullanilan havalandirma yéntemleri
arasinda anlamh bir iliski bulunmamastir.

Cizelge 12. Isletmelerin havalandirma, serinletme ve aydinlatma durumu (%)
Table 12. Ventilation, cooling and lighting status of enterprises

Isletme gruplar:

Islemler 1. grup 2. grup 3. grup 4. grup

(2-10bag)  (11-40bag)  (41-100 bag)  (101+ bas) Toplam
Havalandirma yontemi
Havalandirma yok 1 (%6.7) 1 (%2.3) - - 2 (%1.8)
Dogal havalandirma 13 (%86.7) 41(%93.2) 19(%100) 28 (%87.5) 101 (%91.8)
Mekanik havalandirma 1 (%6.7) 2 (%4.5) - 4 (%12.5) 7 (%6.4)
(x2=6.508; SD=6; P-degeri=0.369)
Fan ve sisleme sistemi
Var 1 (%6.7) 2 (%4.5) - 7 (%21.9) 10 (%9.1)
Yok 14 (%93.3) 42 (%95.5) 19 (%100) 25 (%78.1) 100 (%90.9)
(x2=9.435; SD=3; P-degeri=0.024)
Aydinlatma yontemi
Dogal aydinlatma
Stirekli elektrikle aydinlatma 3 (%20) 6 (%13.6) 7 (%36.8) 1 (%3.1) 17 (%15.5)
Sadece yemlikleri stirekli aydinlatma 4 (%26.7) 3 (%6.8) 3 (%15.8) 1 (%3.1) 11 (%10)
Akgam gerektiginde elektrikle aydinlatma 4(%26.7) 10 (%22.7 5 (%26.3) 10 (%62.5) 39 (%35.5)
Dogal aydinlatma + Yemlikleri siirekli 3 (%20) 23 (%52.3) 3 (%15.8) 4 (%12.5) 33 (%30)
aydinlatma 1 (%6.7) - 1 (%5.3) 6 (%18.8) 8 (%7.3)
Dogal aydinlatma + Aksam gerektiginde - 2 (%4.5) - - 2 (%1.8)

Yemlikleri elektrikle aydinlatma
(x2=49.644; SD=15; P-degeri=0.00)

Barinaklarda bulunan fan ve sisleme sistemleri incelendiginde, birinci gruptaki
isletmelerde %6.7, ikinci gruptaki igletmelerde %4.5 ve dérdiinci gruptaki isletmelerde
1se %21.9 olarak belirlenmistir ve aralarinda istatiksel olarak bir iliski belirlenmistir
(p<0.05). Genel olarak isgletmelerin %9.1'inde fan ve serinletme sistemi oldugu
gorilmektedir. Sicak yaz mevsiminde serinletme, siit verimini ve yemden yararlanma
oranini artirmaktadir. Bu yatirimi yapan firmalarin dérdiincti grupta yiiksek oranda
oldugu dikkat cekmektedir.

Isletmelerde kullanilan aydmlatma yontemleri arasinda, sadece yemlikleri siirekli
aydinlatan isletmelerin orani %35.5, aksam gerektiginde elektrikle aydinlatma yapan
igletmelerin orami %30, dogal aydinlatma yapan igletmelerin oranmi %15.5, stirekli
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elektrikle aydinlatma yapan igletmelerin orani %10 ve birkag¢ yontemi birden kullanan
isletmelerin orani ise %9.1 olarak tespit edilmistir. Dérdiincii grupta bulunan, sadece
yemlikleri siirekli aydinlatan (%62.5) ve bununla beraber dogal aydinlatma yapan
(%18.8) isletmelerin yogunlugunun belirgin bir fark olusturdugu Cizelge 12’de
goriilmektedir. Bu farkhilik istatistiksel olarak da anlamli bulunmustur (p<0.01).

Hayvan bakim durumu
Karaman ilindeki sut sigirciligi igletmelerinin hayvan bakimi durumlar: Cizelge 13’de
verilmistir.

Cizelge 13. Isletmelerin hayvan bakim araclar
Table 13. Animal care tools of enterprises

Isletme gruplar:

1. grup 2. grup 3. grup 4. grup

(2-10 bas) (11-40 bas) (41-100 bas) (101+ bas) Toplam
Kasag makinesi
Var - 3 (%6.8) 3 (%15.8) 19 (%59.4) 25 (%22.7)
Yok 15 (%100) 41 (%93.2) 16 (%84.2) 13 (%40.6 85 (%77.3)
(x2=35.746: SD=3; P-degeri=0.000)
Ayak banyosu
Var = 1 (%2.3) = 20 (%62.5) 21 (%19.1)
Yok 15 (%100) 43 (%93.7) 19 (%100) 12 (%37.5 89 (%80.9)
(x2=55.118; SD=3; P-degeri=0.000)
Buzag kuliibesi
Var - 5 (%11.4) 7 (%36.8) 31 (%96.9) 43 (%39.1)
Yok 15 (%100) 39 (%88.6) 12 (%63.2) 1 (%3.1) 67 (%60.9)
(x2=68.750; SD=3; P-degeri=0.000)
Boynuz kéreltme
Var - 3 (%6.8) 2 (%10.5) 19 (%59.4) 24 (%21.8)
Yok 15 (%100) 41 (%93.2) 17 (%89.5) 13 (%40.6) 86 (%78.2)
(x2=37.871; SD=3; P-degeri=0.000)
Tirnak bakim araci
Var - - 1 (%5.3) 12 (%37.5) 13 (%11.8)
Yok 15 (%100) 44 (%100) 18 (%94.7) 20 (%62.5 97 (%88.2)
(x2=28.943; SD=3; P-degeri=0.000)
Dogumhane
Var - 6 (%13.8) 3 (%15.8) 27 (%84.4) 36 (%32.7)
Yok 15 (%100) 38 (%86.4) 16 (%84.2) 5 (%15.6) 74 (%67.3)
(x2=55.828; SD=3; P-degeri=0.000)
Dogum icin yardimeci araclar
Var 1 (%6.7) 11 (%25.0) 6 (%31.6) 31 (%96.9) 49 (%44.5)
Yok 14 (%93.3) 33 (%75) 13 (%68.4) 1 (%3.1) 61 (%55.5)
(x2=52.234; SD=3; P-degeri=0.000)
Revir
Var = 4 (%.1) 2 (%10.5) 20 (%62.5) 26 (%23.6)
Yok 15 (%100) 40 (%90.9) 17 (%89.5) 12 (%37.5 84 (%76.4)

(x2=38.387; SD=3; P-degeri=0.000)

Genel olarak igletmelerin %22.7’sinde kasagi makinesi, %19.1'inde ayak banyosu,
%39.1'inde buzag1 kuliibesi, %21.8’'inde boynuz koreltme, %11.8’inde tirnak bakim
araci, %32.7’sinde dogumhane, %44.5'inde dogum i¢in yardimeci araclar ve %23.6’sinda
revir bulundugu belirlenmigtir. Hayvan bakimi i¢in bulunan bu araglarin ve béliimlerin
biyik oranlarda dordiincii grupta bulunan igsletmelerde yer aldig: tespit edilmis olup,
isletme buytkligi ile bulunma durumu arasindaki iligki istatistiki olarak 6nemli
bulunmustur (p<0.01). Bintag (2011), Trakya Bolgesindeki isletmelerin %64.3’iiniin
dogum i¢in yardimci arag¢ kullandigini bildirmektedir.
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SONUC

Karaman ilindeki kiiglik ve orta 6l¢ekli siit sigir1 igletmelerinin mekanizasyon varhigi
disiik olup, mekanizasyon diizeyinin artirilmasi gerekmektedir. Bolgedeki igsletmelerin
kiiciik ve orta 6lgekli olmasi bir sorun olarak karsimiza ¢ikmaktadir. Bu tip isletmeler
icin ortak merkezi kéy sagim sistemi ile ilgili calismalarin yapilmasi 6nerilmektedir.
Isletmelerde genel olarak giibre temizliginde, mekanizasyonun gelismedigi ve giibre
yonetim sisteminin bulunmadig tespit edilmistir. Yeni kurulacak isletmelerde, giibre
cukuru ile birlikte, planlama yapilarak biyogaz tiretimi ile ilgili calismalarin yapilmasi
onemli goriilmektedir. Isletmelere, degisik kurumlardan sagim sisteminin bakima,
sagim rutini, sagim hijyeni ve ig givenligi konularinda egitim almalar1 ve tam giin
calisacak teknik personel sayisinin artirilmasi, ayrica yem bitkisi liretiminin
artirillmasi ve igletmelerin bulundugu bélgelerde meralarin igletmelere kiralanmasina
oncelik verilmesi 6nerilebilir.

CIKAR CATISMASI

Yazarlar arasinda herhangi bir gikar ¢atismasi1 yoktur. Abdullah Kaya’nin yiksek
Lisans Tez ¢calismasinin 6zetidir.
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ABSTRACT

Early crop yield estimates could provide up-to-date information
on supply, demand, stocks, and export availability through
which governing bodies can make better agricultural
management plans. This study aims to develop a yield model Received: 09.07.2020
estimating pre-harvest winter wheat yield at both tillering and Accepted: 06..10..2020
flowering stages using a multiple linear regression approach
based on the relationship between actual yield and satellite
derived crops’ phenological parameters. Four crop parameters
(NDVI, Cumulative NDVI, LAI and FPAR) were regressed in Keywords
combination to find the best applicable model. Regression results
showed that correlations for all models among the variables of
the flowering period are higher than that of tillering (0.63>0.53).
The mean RMSE’s of the observed vs predicted yields for
tillering period was 645.9 kg ha! and 574.5 kg ha'! for flowering
period. The optimal developed model which consists of NDVI and
CNDVI variables provided 76% and 79% of predicting accuracy
3 and 1.5 months before harvest respectively.
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INTRODUCTION

It’s thought that wheat can feed the world in future. Recent records support this
argument that wheat is one of the most two common cereals (with rice) available all
over the world today since it is grown on more land area than the other commercial
crops and continues to be the most important food source of the global population
(Helene, 2012). It is therefore important to make an accurate and in time forecasts of
wheat yield, through which policymakers do necessary actions for national food security
and import-export decisions (Justice and Becker-Reshef, 2007).

As crop yield is considered to be one of the essential indicators for planning and
monitoring of agricultural production, most of the wheat producing countries try to find
and develop appropriate forecast methods. For this purpose, some techniques such as
visual estimates, sample crop cut surveys, simulation models and statistical regression
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approaches have been used with some degrees of success (Doraiswamy et al, 2003).
Among these, the most-used crop simulation models (CERES, WOFOST, CROPSYST
and AQUACROP) seem appropriate for accurate forecasts because they integrate
various environmental factors such as temperature, available water, wind, soil
practices. But the main drawback of these complex models is that they mostly require
several cropspecific inputs and are often limited by constraints that are not easy to
measure without on-site field equipment. To overcome these limitations, easier and
simpler methodologies, which use statistical regression approach based on the
relationship between crop specific data captured via satellite and field data have been
offered in the scientific literature (Dubey et al, 1994; Boken and Shaykewich, 2002;
Wall et al, 2007).

Satellite imagery regressed yield estimation methods have been used for this purpose
since the early 1970s (Colwell et al, 1977; Tucker et al, 1980; Wiegand et al, 1991;
Serrano et al, 2000). The statistical regression models for yield forecasting generally
depend on the experiential relations between field-measured yield (reference data) and
reflectance based crop data. The basic assumption of this viewpoint is that yield relates
with plant’s spectral behaviors in the electromagnetic spectrum, which is responsive
indicator of plants’ development and live biomass to be assessed through spectral
indices such as normalized difference vegetation indices (NDVI) leaf area index (LAI)
and fractioned photosynthetic active radiation (FPAR) etc. (Tucker, 1979). In academic
literature, many researches have been carried out in this field such as Fischer (1975)
expressed that wheat yield was a function Tucker et al (1980) found that wheat yield
had a significant linear relationship with time-integrated NDVI in growing season.
Pinter et al. (1981) found a similar result that wheat yield could be related to temporal
cumulative NDVI during the growing period. Similarly, Doraiswamy et al (2003) used
several input variables derived from satellite imagery in a crop growth model to
simulate wheat yields at county levels in North Dakota. Becker-Reshef et al (2010) used
official yield statistics and maximum NDVIs of the wheat growing period to develop a
forecasting model for winter wheat production nearly two months before harvest in
Ukraine. Even though all these statistical approaches have some disadvantages of being
localized and non-extendible to vast areas, they are still preferred way due to simplicity
and fewer input requirements.

This study aims firstly to develop a yield model estimating pre-harvest winter wheat
yield at both tillering and flowering stages using multiple linear regression approach
and then secondly to check the model’s robustness and accuracy performance with root
mean square error. Though this study reflects the results of a yield forecast model
developed for a pilot area, the ultimate goal should be to find a simple and easy model
at the national level providing information on yield and production supply for
agricultural planning.

MATERIAL and METHODS

Study area

Central Anatolia is the main wheat-growing region of Turkey which makes
approximately 30% of the total wheat areas (TUIK, 2011). Altinova TIGEM Farm
locality, as a study area, lies in the central Anatolia homeland of Konya province,
approximately 60 km North of Kadinhami town (Figure 1). TIGEM farms are
governmental establishments responsible for producing certified seeds of field crops
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(90% of wheat) in vast areas of the country. Currently, there are 18 TIGEM farms which
mostly grow cereal crops and some forage crops on their lands throughout the country
(TIGEM, 2018).

Altinova TIGEM farm was selected as a study site because it has extensive parcels
(2x2 km), which allow working with moderate or low-resolution satellite imagery. In
addition, it is also easy to obtain reliable parcel related yield records, total production,
harvested area, etc. annually and historically with an official claiming. Continental
climate prevails in the area with irregular rainfall which mostly occurs in winter and
early spring within the year. The territory of Altinova TIGEM farm stretches almost 27
by 20 km in size with 76 main square parcels divided into 126 sub-parcels where cereals
and forage crops are cultivated in rotation (Unal and De Bie, 2017). In the farm area,
winter wheat is mostly sown in October and crop germination starts in late November
if climate conditions are suitable before entering winter dormancy. Vegetative
development restarts in spring and reaches full maturity in summer before harvest
season from early July to the first week of August.

Road

| TIGEM Parcels

0 250 500 1.000 Km

Figure 1. Study area and TIGEM Altinova Farm parcels.

Data

The study data includes satellite-derived data of wheat sown parcels and their actual
yield records. Both data cover the six-year period (2008-2013) so as to construct a
regression model of both tillering and flowering periods to forecast wheat yield prior to
harvest. The yield models assess linear relationships between field and satellite data
representing the variables as dependent and independent respectively.
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Field Data

Field data includes yield records of the parcels, which were collected from the measured
grain mass weight of the harvested wheat crop by a combine harvester. A total of 438
yield records of the wheat sown parcels for the 6year period (2008-2013) were obtained
from farm administration. While 282 of them were used in regression analysis as
dependent variables to get yield models, remaining (156) called “Test Parcels” were used
to check the performance of generated models using root mean squared errors (RMSE)
values.

The use of RMSE is very common to measure model performance and considered a
good general-purpose error metric for numerical predictions (Chai and Draxler, 2014).
Field surveys were also conducted to check the overall condition of wheat parcels and
to observe their vegetative development at the tillering and flowering stages. During
the period of 2012-2015, a total of 24 field visit campaigns were organized. 21 of them
were for vegetative monitoring and the remaining 3 visits were carried out just for the
informative trip in harvest and germination stage. The parcels for field visits were
selected based on the criteria that they should be accessible easily by vehicle and be
distributed throughout the farm area (Figure 2). Surveys were done visually to see
whether wheat crop entered tillering and flowering stages and also to observe the
existing vegetative conditions.

Tillering and flowering periods were selected for the field campaigns because they
are both pre-harvest time allowing yield forecasting in advance and are seem to be an
important stage of crop growth (Acevedo et al, 2002; White and Edwards, 2008). The
tillering period is important because it allows plants to take advantage of good growing
conditions. Similarly, flowering stage provides maximum green canopy cover which
reflects active biomass that can easily be captured by spectral measures such as NDVI
and FPAR (Hanan et al, 1995). Although depending on the weather conditions and
geographic locations, past experiences of consulted local farmers indicate that tillering
generally coincides the date of approximately 3-months ahead of harvest, while
flowering stage starts 1.5 months before harvest in the study area, which makes the
first half of the April as “Tillering” and end of May as “Flowering”.
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Figure 2. Study area and selected parcels

Satellite and vector data

Yield forecasting studies based on satellite data generally use parameters related to
biophysical characteristics of crops such as vegetation index (VI), leaf area index (LAI)
and fractioned photosynthetic active radiation (FPAR). These parameters are indicative
of crop development, green biomass and eventually yield capacity, which were referred
to in several scientific literature (Campbell, 1996; Prince and Goward, 1995; Huang et
al, 2014). Remotely sensed data used in this study were normalized difference
vegetation index (NDVI), temporal cumulative NDVI, leaf area index and fractioned
photosynthetic active radiation which were all treated as independent variables in the
regression models. NDVI, LAI and FPAR are as of grid data and ready-to-use products
of the Moderate Resolution Imaging Spectrometer (MODIS) sensor and hereafter
they’re called MODIS products. All these raster data products were separately
downloaded through the internet as a time series dataset matching “Tillering” and
Flowering” periods from 2008 to 2013.

In this study, the seasonal maximum NDVI was treated as the main input parameter
since it enabled a timely prediction of production approximately a month and a half
prior to harvest (Becker et al, 2010). MODIS NDVI data were downloaded from the
Global Agriculture Monitoring (GLAM) Project archive web site (GLAM, 2018). The
GLAM data offers 16-day composite NDVI imagery produced from aerosol corrected
surface reflectance data (Vermote et al, 2002). Cumulative NDVI’s (CNDVI) of tillering
and flowering stages were calculated by summing the NDVI dataset of starting from
germination to end of the relevant stage. Tillering cumulative NDVI covers the
February — March period, while the flowering stage of cumulative NDVI sums up all
NDVI data from February to the end of May. LAI/FPAR data (MOD15A2 product) were
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retrieved from the online Data Pool, through the NASA Land Processes Distributed
Active Archive Center (LP DAAC), USGS/Earth Resources Observation and Science
(EROS) Center (USGS, 2018). The MODIS MOD15A2 LAI/FPAR product is produced
globally at a 1 km resolution grid tiles from MODIS bands for all vegetated land surface
and used to calculate surface photosynthesis, evapotranspiration, and net primary
production.

Vector data consist of digitized parcel polygons as an ESRI shape file. A total of 125
polygons covers the whole TIGEM farm area. The vector dataset was used as a zone to
retrieve the cell values of independent variables in raster format.

Methodology

The methodology of this study was based on the approach that satellite-derived data of
crops’ parameters have a relationship with the actual yields, which made available to
develop a yield estimation model with multiple linear regression. Multiple regression
analysis is used to see if there is a statistically significant relationship between sets of
variables and to find trends in those sets of data. This relationship here is such
explained that crop yield is dependent upon the at least two crop parameters or more
which were given here as mean NDVI, cumulative NDVI, LAI and FPAR. The resulting
yield model/models calculate(s) the wheat yield as a function of these parameters in
combination aiming to get the most accurate one. The following equation (Eq. 1) is given
to represent a yield model with 4 variables as an example.

Yield = f (NDVI, CNDVI, LAI, FPAR) (1)

The relationship between the parameters is linear and represented in multiple
regression yield model as follow (Eq. 2);

y = a + BNDVI 4+ nCNDVI + €LAI + yFPAR 2)

Where, y is the wheat yield as dependent variable. a, B, n, ¢ and y are coefficients,
NDVI, CNDVI, LAI and FPAR are the input crop parameters representing independent
variables.

The values of crop parameters required for the regression model were retrieved
through GIS analysis (ARCGIS-ESRI Software) with a zonal statistics tool, which
allows us to calculate statistics on the values of raster data within the zones of vector
dataset. The vector dataset represents parcels borders as polygon features. The zonal
tool calculates the mean value of all pixels within each zone (parcel polygon) of the
specified raster dataset (NDVI, CNDVI, LAI and FPAR) and produces an attribute table
where all parcels are listed with a mean value of relevant raster data. Zonal statistics
were applied for all MODIS products at both tillering and the flowering phase during 6
year period and parcel-based results were exported to the statistical datasheet as
independent variables. The parcels’ yield records were also added to this resultant sheet
as a dependent variable ready for multiple regression analysis. The graphical
representation of the methodology was given in Figure 3.
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MODIS PRODUCTS (Tillering/Flowering Period)
2008

LAI

2008

2013 NDVI

ZONAL
E— VARIABLES

REGRESSION
Yield = f (NDVI, CNDVI, LAI, FPAR) ANALYSE

y = a + BNDVI + nCNDVI + LAI + yFPAR
Figure 3. Methodology of the study

Since the final aim is to find the best yield model which could provide more accurate
results, series of independent variables in the regression were used in combination
keeping NDVI and CNDVI as two primary predictors. So four different yield models
below were developed based on the number of independent variables.

Model 1: (NDVI, CNDVI, LAl and FPAR),
Model 2: (NDVI, CNDVI and FPAR),
Model 3: (NDVI, CNDVI and LAD,

Model 4: (NDVI and CNDVI)

Used variables and coefficients in the models are given in Figure 4.

The four regression models were run for 6 years of data for both tillering and
flowering stages to obtain yield equations. A total of 282 data points for 6 year period
was used in the analysis to develop models to forecast the yields of Test Parcels (TP).
The predicted yields and the accuracy of the models’ prediction were compared to actual
yields and assessed using the root mean square error (RMSE) expressed in units of the
measured data (kg hal). The RMSE gives the weighted variations in errors (residual)
between the predicted and observed values and was calculated as follows (Eq. 3);

RMSE = \/izg;l(Pi —0,)? ®)

Where n is the number of observations, Pi is the predicted yield and Oi is the
measured yield.
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RESULTS and DISCUSSION

To evaluate the models, predicted versus observed values were regressed and their
coefficients of determination were compared. Four different yield models generated
based on the number of used explanatory variables were separately tested with scatter
plots of observed vs. predicted yields and the resulting models produced following yield
equations (Figure 4). The results show that the highest correlations were found in Model
1 and Model 3 (r2=0.539) while the lowest one was seen in Model 4 (r2=0.535) for the
tillering period. Model 1 and Model 2 provided slightly higher correlations (r?=0.635)
than Model 3 and Model 4 did with the R2 values of 0.633 and 0.632 respectively for the
flowering period.

Regression results showed that correlations between the dependent variable and
independent variables for the flowering period are higher than that of the tillering
period (0.63>0.53), because of the full canopy cover occurred in the flowering stage,
which was also validated by field survey observations conducted at the first week of
March and the end of May (Figure 5). Canopy cover is considered to be an important
aspect that has a strong relationship, at some level (until 80% green coverage), with
crops’ phenologic metrics such as NDVI, LAI and FPAR and hence is the indication of
yield according to various scientific literature (Ahlrichs and Bauer, 1983; Zhao, 2003;
Jiang, 2006; Ren, 2008).

In order to test the predictive performance of the developed models for both stages,
predicted yields of 156 test parcels through 2008-2013 were compared to observed yields
and evaluated with RMSE values (Table 1). The mean RMSE’s of the observed vs
predicted yields for the tillering period was 645.9 kg ha'! equivalent to 23.53% error and
for the flowering period 574.5 kg ha' with an error of 20.93%. This underlines that four
models’ yield estimation performance is higher in flowering than in the tillering period
because of the steadily increasing NDVI values which affect wheat yield to rise
accordingly. This is consistent with the findings of Babar et al (2006), Aparicio et al
(2000) and Royo et al. (2003) that there was a strong positive relationship between yield
and NDVL

All models produced similar performance results for both stages. RMSE values of
models’ results for tillering and flowering stage are very close to each other with very
low standard deviations of 0.14 and 0.10 respectively. These results suggest that it’s
rational to use a simple model requiring fewer inputs with an acceptable estimation
accuracy in comparison with others. Model 4 consisting of NDVI and CNDVI variables
seems to be an appropriate yield estimation model in these conditions providing 76% of
accuracy for the tillering period and 79% for the flowering period.
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Figure 4. Yield models equations and correlations between predicted and observed
yields
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Tillering Flowering

Figure 5. Pictures from field surveys at tillering and flowering periods

Table 1. Yield models’ performances in terms of RMSE at growing period

Exol Growing Stages
Models szi:a:tsory Tillering Flowering
RMSE (kg ha'l) RMSE % RMSE (kg hat) RMSE%
NDVI
Model 1 ICJEIDVI 644.71 23.49 573.68 20.90
FPAR
NDVI
Model 2 CNDVI 644.80 23.49 575.29 20.96
LAI
NDVI
Model 3 CNDVI 646.52 23.55 573.72 20.90
FPAR
NDVI
Model 4 CNDVI 647.85 23.60 575.70 20.97
Mean 645.91 23.53 574.51 20.93
Std. dev. 0.14 0.14 0.10 0.03

Notably, the models predict the yields better in the flowering stage than they do in
the tillering period producing approximately a 3% accuracy increase in RMSE. Figure
6 shows the predicted yields at the tillering and flowering stages with their difference
values from the measured yields as an absolute percentage value (deviation). It’s clear
that the number of parcels which have high deviation values at tillering period
decreased in flowering period meaning the models provide better accuracy when crops
enter flowering stage approximately 1.5 months prior to harvest. This situation does
not offer satisfactory advantages for authorities because predictions need to be available
as early in the growing season as possible. Yet, the local farmers or mid-size farms could
benefit from it to estimate possible incomes-expenses and to make arrangements for
farming.
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Figure 6. Predicted yields and deviations from actual yield. Model 4 (NDVI-CNDVI)
predicted the yields of wheat parcels of TIGEM Farm in 2014 growing season before
harvest time at tillering (A) and then flowering stage (C). Deviations were calculated as
an absolute value from the difference between actual yields and predicted ones at both
tillering (B) and flowering (D) stages.
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CONCLUSION

This study aimed to develop a yield model estimating pre-harvest winter wheat yield at
both tillering and flowering stages using multiple linear regression approach. Yield
models were based on the relationship between satellite data derived independent
variables (NDVI, Cumulative NDVI, LAI and FPAR) and observed yields at field level.
The predictive performance of the developed four different models was tested and
evaluated with actual yields and RMSE. According to the results; all models could
predict the yield with approximately 76% accuracy at the tillering period and 79%
accuracy at the flowering period which corresponds to 3 months and 1 month before
harvest time respectively. Though prediction accuracy is higher for the flowering period,
it’s not advisable to make a prediction in this period because harvesting time is close
and there isn’t be enough time for actions such as crop insurance, cash-flow budgeting,
planning harvest and storage requirements.

Even though all models give more or less the same performance results, the model
consisting of NDVI and temporal cumulative NDVI variables was the best one in terms
of simplicity and easy applicability. Estimation accuracy may not be considered as
sufficient, but yet predicted yield figures could give valuable information especially 3
months before harvesting for governing bodies to make agricultural management plans
on supply and demand for the crop. This study showed that satellite based yield models
provide an easy crop yield estimations with low cost and time saving especially for large
areas. Producing the most ideal forecasting models based on climatic and environmental
conditions and including additional variables for different product types should be one
of the main objectives in subsequent studies.
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OZET

Calismada, Mardin ili Midyat ilgesi ve Batman ili Besiri ilgesindeki

halka acgik satis noktalarindan rastgele satin alinan kuru Uzim
ornekleri kullanilmistir. Kuru tizim uUretimini bizzat kendi ARASTIRMA MAKALESI
yetistirdikleri Bineteti, Kerkiis, Zeyti ve Mazruna Uzim
cesitlerinden potasa erigi kullanilmadan dogal olarak gilineste Alinig tarihi: 15.09.2020
kurutarak elde etmiglerdir. Bineteti cesidinde Midyat'tan iki ve | Kabul tarihi: 19.10.2020
Besiri’den t¢ 6rnek; Kerkiis cesidinde Midyat'tan li¢ ve Besiri’den iki
ornek; Zeyti cesidinde Midyat'tan dort ve Besiri’den tg¢ o6rnek;
Mazruna cesidinde Midyat'tan bir ve Besiri’den bir érnek olmak | Anghtar Kelimeler:
uzere toplam 19 numunede fiziksel ve kimyasal analizler yapilmis ve
cesitler kendi aralarinda karsilastirilmistir. Kuru tzim
orneklerinde fiziksel analizlerinden 100 tane agirlhigi, 100 g’daki tane
sayisi, ortalama tane eni, ortalama tane boyu, ortalama c¢ekirdek
sayis1, ortalama c¢ekirdek agirligi, tane kabuk rengi, Kroma degeri
(AC) ve hue acis1 parametrelerine bakilmistir. Kimyasal analizlerden
ise pH, suda ¢oziiniir kuru madde miktar: (SCKM), olgunluk indisi,
su miktari, kil miktar, o6zgil agirhk ve toplam asitlik

Kuru tzim,
Fiziksel analiz,
Kimyasal analiz,

YV V V V

Renk parametreleri

parametrelerine bakilmigtir. Calismada yapilan gozlemler ve elde
edilen bulgulara i1siginda, Turk Gida Kodeksinin yatay mevzuat
hikimlerine uyulmadigi, uygun depolama ve pazarlama
kogullarinin saglanmadig1 tespit edilmigtir. Bu nedenle, en kisa
zamanda Tirk Gida Kodeksi kuru tiztim Gretimi ve pazarlamasi i¢in
dikey gida kodeksi olugsturulmali ve teblige uygun kontroller titizlikle
saglanmalidir.

Alint: i¢in: Uzun T, Hallag B, Altin A, Kaya G (2020). Midyat/Mardin ve Begiri/Batman Ilgelerinde
Satiga Sunulan Baz1 Kuru Uziim Cesitlerinin Fizikokimyasal Ozelliklerinin Karsilastirilmas:.
Turkish Journal of Agricultural Engineering Research (TURKAGER), 1(2): 404-414.
https//doi.org/10.46592/turkager.2020.v01102.014
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Comparison of Physicochemical Properties of Some Raisin Varieties for
Sale in Midyat District of Mardin Province and Begiri District of Batman
Province

ABSTRACT

In the study, raisin samples purchased randomly from the public
markets in Midyat district of Mardin province and Besiri district
of Batman province were used. According to the statements of | RESEARCH ARTICLE
the marketing authors, they obtained raisins from the Bineteti,
Kerkiis, Zeyti and Mazruna grape varieties they grew
themselves by naturally drying them in the sun without using a
solution of potasa. In Bineteti variety, two samples from Midyat
and three samples from Besiri; in Kerkls variety, three samples
from Midyat and two from Besiri; in Zeyti variety, four samples | Keywords:
from Midyat and three samples from Besiri; in Mazruna variety,
one samples from Midyat and one samples from Begiri, physical
and chemical analyzes were carried out on a total of 19 samples,
and the varieties were compared among themselves. From
physical analysis in raisin samples, 100 berry weight, number of
berry per 100 g, average berry width, average berry size, average
number of seeds, average seed weight, berry skin color, Chroma
value (AC) and hue angle parameters were investigated. From
chemical analysis, pH, water soluble dry matter content (TSSC),
maturity index, water content, ash content, specific gravity and
total acidity parameters were examined. In the light of the
observations made and the findings obtained in the study, it was
determined that the provisions of the horizontal legislation of
the Turkish Food Codex were not complied with, and that
appropriate storage and marketing conditions were not
provided. For this reason, a vertical food codex should be
established for the Turkish Food Codex raisin production and
marketing as soon as possible and the controls in accordance
with the communiqué should be meticulously ensured.
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GIRIS

Bagciligin tarihi neredeyse insanlik tarihi kadar eskidir. Vavilov tarafindan belirlenen
8 gen merkezi arasinda olan llkemizde, bulunan tarihi kalintilardan elde edilen
bulgulara gore 5000 yil1 agan bir bagcilik kiiltiirii oldugu tespit edilmistir (Sehirali ve
Ozgen, 1987). Bagalik kiltiird ve tiziim yetistiriciligi, kullanim alanlarmin cesitliligi
ve dinya tuzerindeki genis yayilisi nedeniyle yuzyillardir énemini korumaktadir
(Agaoglu 1999).

Bagcailik, ilkemizin hem diinyadaki cografi konumu hem ekolojik etmenlerin
elverigli olusundan dolay: en énemli tarim kollarindan biridir. Ulkemiz diinya bagc
ulkeler arasinda bag alan1 bakimindan 467 000 ha’lik alan ile dérdiinct sirada, tretim
bakimindan 4,1 milyon ton yas liziim Uretimiyle cekirdeksiz ve ¢ekirdekli kuru tzim,
sofralik {izim tiretimi olarak beginci sirada yer almaktadir. Ulkemizde iiretilen yas
tzimin %56.11 sofralik, %40.7’si kurutmalik ve %3.2’s1 saraplik olarak islenmektedir.
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2018 yili verilerine gére iilkemiz 381 000 ton kuru iiziim (cekirdeksiz-cekirdekli)
iiretimiyle diinyada ilk sirada yer almaktadir (OIV, 2019).

Cografi konumu itibariyle 6zellikle Ege, Akdeniz ve Glneydogu Anadolu
bolgelerinde meyveler giines 15181 altinda kurutularak saklanmakta veya ticari olarak
piyasaya surulmektedir. Gidalarin kurutularak muhafaza edilmesi ¢ok eski ¢aglardan
beri kullanilan en 6nemli saklama yontemlerinden birisidir. Kurutma, yas tirtinlerdeki
serbest suyu uzaklagtirarak, turinlerde meydana gelebilecek biyokimyasal
reaksiyonlari ve mikroorganizmalarin biliytimesini durdurmak olarak
tanimlanmaktadir (Tarhan ve ark., 2007). Su kaybeden {iriiniin hacimce kiiciilmesi,
béylece tasima ve depolama maliyetlerinin azalmasi, normal kogullarda uzun stre
kolayca saklanabilmesi ve pazarlamada esneklik saglamasi nedeni ile kurutma
giintimiizde de bir¢ok iiriinde uygulanmaktadir (Cemeroglu ve ark., 2004; Santos ve
Silva, 2008). Kurutulmus meyveler sofralik tiiketim yaninda biskiivi, pasta, musli, siit
ve mamulleri, c¢ikolata, kahve vb. gida sanayiinde hammadde veya katki maddesi
olarak kullanilabilmektedir (Kurucayl ve Sen, 2017).

Kuru iiziim, besin degerinin oldukea yiiksek olan bir tirtindiir. Igeriginde potasyum,
demir, kalsiyum gibi 6nemli mineraller bulunmaktadir ve vitamin yéniinden de oldukca
zengindir (Sanz ve ark., 2001). Ayrica icerdigi fenolik bilesikler ve antioksidanlarin
kanser, kalp rahatsizliklar1 gibi 6nemli hastaliklara karsi pozitif rol oynadigi
bilinmektedir (Ksouri ve ark., 2009; Williamson ve Carughi, 2010).

Calisma, iki farkl ilgenin mahalli pazarlarindan toplanan Bineteti, Kerkiis, Zeyti ve
Mazruna tizim cesitlerinden tretilen kuru tziim oérneklerinin fiziksel ve kimyasal
ozellikleri bakimindan kargilastirilmasi amaciyla ylritilmistir. Glineydogu Anadolu
bélgesi i¢inde yer alan Midyat ve Besiri ilgelerinde benzer bir calismaya rastlanmamis
olmasi bu ¢alismanin 6nemini artirirken, bundan sonraki ¢alismalara referans niteligi
tasiyacag distinilmektedir.

MATERYAL ve YONTEM

Materyal

Calismada materyal olarak, Mardin ili Midyat ilgesi ve Batman ili Besiri ilgesindeki
halka agik pazarlarda acgikta satilan triinlerden tesadiifi 6rnekleme yéntemine goére
alinan kuru iiziim érnekleri (2019 vejetasyon yilinda iiretilen) kullanilmistir. Midyat
ilgesinde toplanan kuru tizim 6rneklerinde “M”; Besiri ilgesinde toplanan kuru tzim
orneklerinde “B” kisaltmasi kullanilmistir. Midyat ve Besiri ilgelerinde yetistirilen
yerel beyaz tiziim cesitlerinden Bineteti, Kerkis, Zeyti ve Mazruna’dan uretilen kuru
izim ornekleri galismada kullanilan bitkisel materyali olusturmaktadir.

Yontem

Ureticilerin beyanlarina gore tiziimler potasa erigi kullanilmadan dogal olarak giineste
kurutulmustur. Ornekler en az 200 g olacak sekilde laboratuvara soguk zincirde
getirilerek, ayni giin icinde analizleri yapilmigtir. Numuneler, analizler sonu¢lanincaya
kadar 4°C’de bekletilmistir. Fiziksel analizler, Siirt Universitesi, Ziraat Fakiiltesi,
Bahce Bitkileri Boliimii laboratuvarinda; kimyasal analizler ise Siirt Universitesi,
Miihendislik Fakiltesi, Gida Mihendisligi Bolumii laboratuvarinda
gerceklestirilmistir.
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Kuru iiziim 6rneklerinde alinan tane verileri

100 tane agirhg: (g), 100 g’daki tane sayis1 (adet), 50 adet numunenin ortalama tane
eni (mm), ortalama tane boyu (mm), ortalama cekirdek sayis1 (adet/tane), ortalama
cekirdek agirhigi (g/adet) parametrelerine bakilmistir (Amerine ve Cruess, 1960).

Kuru tiziim 6rneklerinde alinan tane renk verileri

Pen color art 1L model, Artoksi MSM, Istanbul™ markali renk 6l¢im cihazi ile L* a* b*
cinsinden; ayni renk zemin tizerinde 10 adet numunenin 3 farkli kismindan okunan
degerlerin ortalamalar1 alinarak belirlenmistir (Aktas ve ark., 2008). Chroma(AC),
rengin doygunlugunu (0°=mat, 60°=doygun) ifade etmektedir ve Hue (h°) degeri CIE L*
a* b* skalasinda ac1 koordinatidir. Bu degerler asagidaki formiullerden yararlanilarak
hesaplanmigtir (McGuire, 1992).

L*= aciklik; a*= mavimsi-yesil / kirmizi-mor renk tonu bilegeni; b*= sar1 / mavi renk
tonu bileseni; C*= (a*2+ b*2)12; h°= (arktanjant b*/a*)

(0°= kirmizi-mor; 90°= sar1; 180°= mavimsi-yesil; 270°= mavi).

Theta=[atan(b*/a*) / 6,2832] x 360
a>0 ve b>0 ise h® =Theta;

a<0 ve b>0 ise h® =180+Theta;
a<0 ve b<0 ise h° =180+Theta;
a>0 ve b<0 ise h® =360+Theta.

Kuru iiziim 6rneklerinde yapilan kimyasal analizler

Kuru tziim o6rneklerinden alinan 10 g numuneye 100 ml saf su ekleyip 6 saat
bekledikten sonra; pH, SCKM (%), Olgunluk indisi, su miktar1 (%), kiil miktar1 (%),
ozgiil agirhik ve toplam asitlik (g/L) parametrelerine 3 tekrarli olarak bakilmistir.

pH, HANNA HI 9812-5 marka el tipi dijital pH metre ile; suda ¢éztintir kuru madde
miktar: (SCKM), ATC marka el tipi Refraktometre ile % olarak; olgunluk indisi, % suda
¢ozunlr kuru madde miktarinin, % toplam asitlige bélinmesi ile; su miktari, tiztimler
kiyma makinesinden gecirildikten sonra alinan 6rnegin tartilarak, 65°C’de %50 fan
ayarma ayarlanan etiivde (UM400, Memmert, Almanya) agirlik sabitleninceye kadar
kurutulmasi ve tekrar tartilmasi ile % olarak; kil miktari, 10 g numunenin 500°C ‘ye
ayarlanmig kil firininda yakildiktan sonra tekrar tartilmasi ile % olarak; 6zgiil agirlik,
20°C’de piknometrik yontem ile; toplam asitlik ise 0.1 N NaOH ile pH metrede 8.2
degeri okunana kadar titre edilmis ve sonucglar tartarik asit cinsinden g L olarak
verilmistir (Cooke ve Berg, 1983; Nelson, 1985; Ough ve Amerine, 1988; AOAC, 1990;
Uzun, 2003).

Istatistiksel analiz

Uziim 6rneklerinde belirlenen her analiz 3 tekrarl yapilmistir. Veriler varyans analizi
1le analiz edildikten sonra, ortalamalar arasindaki fark %1 diizeyinde Tukey coklu
kargilagtirma testi ile incelenmistir. Analizde JMP paket programi kullanilmistir
(Morris ve ark., 2001). Istatistiksel farkhilik, verilerin sag tarafinda kiiciik harfle
gbsterilmigtir.

Standart Hata (SH): Calismada elde edilen tim verilerin kendi icinde

karsilagtirilabilmesi i¢in standart hata hesaplamasi yapilmistir.
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Mardin ili Midyat ilgesi ve Batman ili Besiri ilgelerindeki satig noktalarindan alinan
Bineteti kuru tziim 6rneklerinde alinan tane verileri Cizelge 1’de, tane renk verileri
Cizelge 2'de, kimyasal analizler
incelendiginde ortalama tane eni ve 6zgil agirlik hari¢ diger tiim analizlerde 6rnekler

ise Cizelge 3’de verilmigtir. Almman veriler

arasinda p<0.01 diizeyinde istatistiksel bir fark tespit edilmigtir.

Cizelge 1. Bineteti kuru Giztim 6rneklerinde tane verileri

Table 1. Berry data of Bineteti raisin samples

100 tane 100 . Ortalama Ortalama Ort'a Lot Ortalama
- . 1. gramdaki . ¢ekirdek . S
Ornek agirhig tane eni tane boyu cekirdek agirlig

(@) tane sayis1 (mm) (mm) say1sl (e adet)

& (adet) (adet tane1) g
M-1 68.02+0.89¢ 151+2.31a 11.250+1.230a  14.304+1.518b  1.85+0.09d 0.0427+0.0092b
M-2 82.66+0.76¢ 122+3.46¢ 10.336+1.363a  15.423+1.669b  1.90+0.03d 0.0563+0.0058a
B-1 86.96+1.34b 115+2.31d 10.518+0.785a  15.780+1.091b  2.75+0.05a 0.0493+0.0052ab
B-2 124.24+1.70a  81+1.73e 10.187+0.837a  17.490+0.947a  2.25+0.03b 0.0567+0.0075a
B-3 72.62+1.10d 139+1.15b 11.391+1.680a  17.693+£1.657a  2.05+0.02¢ 0.0544+0.0064a

Ortalama + SH. Aym stitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne gére p<0.01
diizeyinde farklilik vardir.

Cizelge 2. Bineteti kuru tiziim 6rneklerinde tane renk parametreleri
Table 2. Color parameters of Bineteti raisin samples

) Kroma Degeri Hue acis1
Ornek L* a* b* (AC) (h°)

M-1 9.03+0.36a -0.75+0.08b 5.82+0.25a 5.87+0.24a 97.43+1.10a
M-2 7.82+0.41b -0.75+0.14b 4.40+0.14fb 4.47+0.11b 99.78+2.05a
B-1 5.50+0.35d 0.08+0.02a 2.14+0.16e 2.14+0.16e 87.93+0.47c
B-2 5.87+0.30c -0.10+0.04a 3.59+0.30c¢ 3.59+0.30c 91.73+0.80b
B-3 5.67+0.32cd -0.06+0.03a 2.94+0.28d 2.94+0.27d 91.30+0.69b

Ortalama + SH. Ayni1 stitunda farkli harfle gosterilen ortalamalar arasinda Tukey Testi’ne gore
p<0.01 diizeyinde farklilik vardir.

Cizelge 3. Bineteti kuru tizim 6rneklerinde kimyasal analizler
Table 3. Chemical analyses of Bineteti raisin samples

. . Toplam
Ornek pH SCKM (%) ngur}luk ST et LG s S Ozgiil agirhk asil‘zlik
indisi (%) (%) (g L)*
M-1 4.56+0.09a 8.80+0.31a 106.27+7.36a  11.30+0.36c  1.949+0.976a  1.0314+0.0052a  0.840+0.087d
M-2 4.39+0.03b 7.60+0.18b 66.41+1.74c 12.10+0.41b  1.976+1.062a  1.0314+0.0052a  1.148+0.058c
B-1 4.47+0.05ab  7.80+0.18b 86.28+2.92b 13.30+0.35a  1.633+1.062c  1.0314+0.0069a  0.908+0.052d
B-2 4.34+0.03b 8.40+0.54ab  67.03+0.32c 10.80+0.30d  1.735+1.143b  1.0334+0.0081a  1.253+0.075b
B-3 4.19+0.02¢ 8.20+0.53ab 58.68+1.10c 9.60+0.32e 1.516+1.357d  1.0364+0.0046a  1.395+0.064a

Ortalama + SH. Ayni siitunda farkh harfle gosterilen ortalamalar arasinda Tukey Testime gore p<0.01
diizeyinde farkhlik vardir. * Tartarik asit cinsinden hesaplanmistir.

Kerkiis kuru tzim o6rneklerinde alinan tane verileri Cizelge 4’de, tane renk verileri
Cizelge 5’de, kimyasal analizler ise Cizelge 6'da verilmistir.
incelendiginde tiim analizlerde 6rnekler arasinda p<0.01 diizeyinde istatistiksel bir

Alman veriler

fark tespit edilmigtir.
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Cizelge 4. Kerkiis kuru tiztim 6rneklerinde tane verileri
Table 4. Berry data of Kerklis raisin samples
100 tane 100 . Ortalama Ortalama tane Ortg Lo, Ortalama
- .« 1 gramdaki . cekirdek . .
Ornek agirhg tane eni boyu cekirdek agirligi
@ tane sayisi () (o) sayisi (g adet™)
(adet) (adet taned)
M-1 62.21+0.61d 162+0.58a  8.808+1.778a 13.291+1.010c 1.95+0.05¢ 0.0418+0.0046b
M-2 69.37+0.99¢ 144+2.31b  9.574+0.947a 13.229+0.675¢ 1.90+0.05d 0.0416+0.0052b
M-3 71.93+1.25b  134+1.15¢  9.947+1.218a 14.977+0.785ab  1.55+0.03e 0.0416+0.0046b
B-1 82.68+1.56a  1244+0.58d 9.303+1.657a  14.449+0.652b 2.15+0.05b 0.0437+0.0046b
B-2 72.32+0.61b  141+2.89b  10.368+0.797a 15.616+0.670a 2.20+0.03a 0.0580+0.0081a

Ortalama + SH. Aym stitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne goére p<0.01
diizeyinde farklilik vardir.

Cizelge 5. Kerkiis kuru uziim 6rneklerinde tane renk parametreleri
Table 5. Color parameters of Kerkiis raisin samples

% . . - Kroma degeri Hue acis1
Ornek L a b (AC) (h°)
M-1 7.57+0.41b -0.51+0.05¢ 4.07+0.15¢ 4.10+0.14¢ 97.21+0.98b
M-2 7.77+0.37b -0.65+0.07c 4.52+0.12b 4.57+£0.11b 98.24+1.08a
M-3 19.05+0.31a  2.18+0.20a 6.01+0.18a 6.40+0.24a 70.14+1.09d
B-1 5.99+0.41c -0.09+0.05b 3.36+0.13d 3.36+0.13d 91.60+0.85¢
B-2 4.83+0.25d -0.09+0.03b 3.01+0.13e 3.01+£0.13e 91.78+0.74c

Ortalama + SH. Ayni1 stitunda farkh harfle gosterilen ortalamalar arasinda Tukey Testi’ne gore

p<0.01 diizeyinde farklilik vardir.

Cizelge 6. Kerkiis kuru tiziim 6rneklerinde kimyasal analizler

Table 6. Chemical analyses of Kerklis raisin samples

Su s Toplam
Ornek pH SCKM (%) gllgitgﬂuk miktari g/u)l i S Ozgiil agirhik asilzlik

(%) ’ (g L)*
M-1 4.41+£0.05¢  7.80+0.03b 78.51+3.36a 11.60+0.41b  2.517+1.080a 1.0355+0.0069a  0.998+0.046¢
M-2 4.32+0.056d  7.50+0.41b 74.05+0.25a 11.80+0.37b  2.051+1.045b 1.0325+0.0069a 1.013+0.052c
M-3 4.49+0.03b  8.80+0.09a 78.95+2.44a  9.30+0.31c 1.830+0.860c 1.0314+0.0087a  1.118+0.046b
B-1 4.57£0.05a  7.40+0.41b 77.03£0.57a  16.70+0.41a  1.832+1.420c 1.0213+0.0069b  0.960+0.046¢
B-2 4.01£0.03e  8.00+0.03ab  45.96+1.93b  9.00+0.25¢ 1.459+1.236d 1.0364+0.0098a  1.748+0.081a

Ortalama + SH. Ayni siitunda farkh harfle gosterilen ortalamalar arasinda Tukey Testime gore p<0.01
diizeyinde farklilik vardir. * Tartarik asit cinsinden hesaplanmigtir.

Zeyti kuru tzim orneklerinde alinan tane verileri Cizelge 7'de, tane renk verileri

Cizelge 8de,

kimyasal analizler

ise (Cizelge 9da verilmigtir.

Alnan veriler

incelendiginde SCKM harig diger tiim analizlerde 6rnekler arasinda p<0.01 diizeyinde
istatistiksel bir fark tespit edilmistir.
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Cizelge 7. Zeyti kuru tizim 6rneklerinde tane verileri
Table 7. Berry data of Zeyti raisin samples
100 tane L0 . Ortalama Ortalama Orta}lama Ortalama
Ornek agirhigi el tane eni tane boyu Gelisirgls cekirdek agirhigi
(g) tane sayisl (mm) (mm) sayisl ) (g adet'l)
(adet) (adet tane')
M-1 95.16+0.99b 107+1.73e 10.372+1.080bc  13.675+1.230d 2.50+0.02bc 0.0412+0.0081bc
M-2 93.02+1.12¢ 107+2.89¢ 11.493+1.415a 15.834+1.524b 2.05+0.04d 0.0441+0.0098b
M-3 73.77+1.02e 137+1.15b  10.333+£1.091bc  14.184+1.420cd  2.55+0.02b 0.0373+0.0064bc
M-4 79.52+0.53d 131+0.58¢ 10.286+1.103bc  15.890+1.080b 2.40+0.03c 0.0363+0.0087¢
B-1 71.19+1.18f 1474+2.89a  9.731£1.201c 16.246+1.588b 2.40+0.08¢ 0.0356+0.0069c¢
B-2 100.82+1.04a 99+3.46f 11.131+£1.420ab  17.188+1.230a 3.05+0.02a 0.0570+0.0058a
B-3 80.66+1.56d 123+1.15d  10.558+1.524bc  14.623+1.253c¢ 2.50+£0.05bc 0.0400+0.0069bc

Ortalama + SH. Ayni1 siitunda farkh harfle gosterilen ortalamalar arasinda Tukey Testine gére p<0.01
diizeyinde farklilik vardir.

Cizelge 8. Zeyti kuru tiziim 6rneklerinde tane renk parametreleri
Table 8. Color parameters of Zeyti raisin samples

. Kroma degeri  Hue acis1
Ornek L* a* b* (AC) (h°)

M-1 8.70+0.29d -0.97+0.14e 5.12++0.19d 5.22+0.16d 100.85+1.95a
M-2 13.46+0.36¢ 1.00+0.08a 5.41+0.24c¢ 5.50+0.25¢ 79.56+0.31f
M-3 38.41+0.33a -0.77+£0.12¢ 15.95+0.25a 15.97+0.25a 92.78+0.48cd
M-4 24.88+0.26b 0.75+0.14b 9.75+0.22b 9.78+0.23b 85.64+0.75e
B-1 6.08+0.29f -0.37+0.05d 3.44+0.21f 3.46+0.20f 96.28+1.24b
B-2 4.54+0.44g -0.03+0.01c 1.95+0.21¢g 1.95+0.21¢g 90.98+0.45d
B-3 7.14+0.37e -0.35+0.07d 4.56+0.18e 4.57+0.17e 94.47+1.04bc

Ortalama + SH. Ayn1 stitunda farkl harfle gosterilen ortalamalar arasinda Tukey Testine gére
p<0.01 diizeyinde farklilik vardir.

Cizelge 9. Zeyti kuru tiziim 6rneklerinde kimyasal analizler
Table 9. Chemical analyses of Zeyti raisin samples

Ornek  pH SCKM (%) gjﬁ;?luk (Soz)mlktarl %5/31 miktari Ozgiil agarhk '(I;;g?)rf asitlik
M-1 4.68+0.02a 8.20+0.41a 113.09+6.99a 10.30+0.29d  2.861+1.420a 1.0345+0.0046a 0.735+0.081f
M-2 4.19+0.04e 8.20+0.54a  72.18+1.47bc 11.30+0.36b  1.882+1.143c 1.0314+0.0075a 1.140+0.098bc
M-3 4.38+0.02d 8.60+0.44a  79.14+0.54b 10.90+0.33¢  1.827+1.449cd  1.0294+0.0046a 1.088+0.064cd
M-4 4.51+0.03bc 8.20+0.53a  77.22+1.36bc 10.20+0.26d  2.021+1.357b 1.0223+0.0064b 1.065+0.087de
B-1 4.56+0.08b 8.40+0.03a 65.86+3.35¢ 9.40+0.29e 1.731+1.080e 1.0334+0.0081a 1.283+0.069a
B-2 4.46+0.02bcd 7.80+0.46a 66.18+0.68¢c 13.60+£0.44a  1.769+1.132de 1.0344+0.0052a 1.178+0.058b
B-3 4.41+0.05¢d 8.00+0.41a 80.41+1.49b 10.70+0.37c 1.855+1.045¢ 1.0344+0.0058a 0.998+0.069e

Ortalama + SH. Aym stitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne goére p<0.01

diizeyinde farklilik vardir. * Tartarik asit cinsinden hesaplanmigtir.

Mazruna kuru izim 6rneklerinde alinan tane verileri Cizelge 10’da, tane renk verileri

Cizelge 11’de, kimyasal analizler ise Cizelge 12’de verilmigstir. Alinan veriler

incelendiginde ortalama cekirdek agirligi, SCKM ve 6zgil agirlik hari¢ diger tim

analizlerde 6rnekler arasinda p<0.01 diizeyinde istatistiksel bir fark tespit edilmistir.
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Cizelge 10. Mazruna kuru tiziim 6rneklerinde tane verileri
Table 10. Berry data of Mazruna raisin samples

100 tane 100 . Ortalama Ortalama Ortfilama Ortglama
- .« 1 gramdaki . cekirdek cekirdek
Ornek  agirhgi tane eni tane boyu - .
@ tane sayisi () (o) sayisi agirhig
(adet) (adet tane!) (g adet)
M-1 61.93+£1.19b 157+1.73a 8.512+1.374b 12.575+1.247b  2.25+0.06b 0.0387+0.0081a
B-1 89.13+0.90a 111+1.15b 11.597+1.218a 15.967+0.843a 2.40+0.09a 0.0354+0.0064a

Ortalama + SH. Aym stitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne goére p<0.01
diizeyinde farklilik vardir.

Cizelge 11. Mazruna kuru tziim 6rneklerinde tane renk parametreleri
Table 11. Color parameters of Mazruna raisin samples

Kroma degeri  Hue agis1

0 * * *

Ornek L a b (AC) (h°)

M-1 6.10+0.31b -0.24+0.03a 3.63+0.13b 3.64+0.13b 93.83+0.69b
B-1 10.65+0.20a -1.08+0.11b 6.42+0.13a 6.51+0.11a 99.59+1.14a

Ortalama + SH. Aym stitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne gére p<0.01
diizeyinde farkhilik vardir.

Cizelge 12. Mazruna kuru tiziim 6rneklerinde kimyasal analizler
Table 12. Chemical analyses of Mazruna raisin samples

Olgunluk Su miktari Kiil miktar Toplam asitlik

) 0, N\ . -

Ornek pH SCKM (%) indisi %) %) Ozgul agirhk (g L)*

M-1 4.45+0.06a  9.00+£0.03a 97.39+8.12a 12.10+0.31a 2.071+£1.236a  1.0355+0.0081a  0.938+0.081b
B-1 4.32£0.09b  8.00+0.32a 65.93+0.79a 9.80+0.20b 1.917+1.721a  1.0314+0.0092a 1.215+0.064a

Ortalama + SH. Ayni siitunda farkhh harfle gosterilen ortalamalar arasinda Tukey Testi'ne gére p<0.01
diizeyinde farklilik vardir. * Tartarik asit cinsinden hesaplanmistir.

Tane ozellikleri bakimindan, Besiri ekolojisinde yetigtirilen Bineteti, Kerkiis ve
Mazruna ¢esitlerine ait kuru tzim o6rneklerinin Midyat ekolojisinde yetistirilenlere
gore daha iri olduklar goriilmektedir (Cizelge 1, 4, 10). Daha énce yapilmis bir
calismada belirtildigi gibi rakim distiikce verim parametreleri artmakta ancak kalite
kriterleri azalmaktadir (Uzun Bekar ve ark., 2019). Google Earth’tan alinan bilgilere
gore Besiri ilcesi (748 m), Midyat ilcesinden (933 m) yaklasik olarak 200m daha deniz
seviyesine yakindir ve mikroklima bir bélge olusturmaktadir (Anonim, 2020a).
Bununda Besiri ilgesine ait 6rneklerin, tane iriliginin daha fazla olasina neden oldugu
distintilmektedir. Zeyti cesidine ait kuru izim orneklerinde ise istatistiksel olarak
anlaml bir sonuc¢ alinamamistir (Cizelge 7). Ayrica, Tirk Gida Kodeksinde belirtilen
boy 6zelliklerine gore, 100 g’daki tane sayisi bakimindan tiim gesitlerin 6rnekleri jumbo
(cok ird) smifinda yer almaktadir (Anonim, 2020b). Uretici veya satici tarafindan
tasnifleme (siniflandirma) yapildig: kanaatine varilmistir.

Kuru tzim 6rneklerini tane renk parametreleri bakimindan incelenecek olursa, en
yiksek L* degeri Mazruna c¢esidi hari¢ diger tim cesitlerde Midyat ekolojisinde
yetigtirilen kuru tizim 6rneklerinde tespit edilmis ve en agik renkli kuru tzimler
oldugu belirlenmistir. En diigiik L* degeri ise Besiri ekolojisinde yetistirilen kuru tiziim
orneklerinde saptanmis ve en koyu renkli kuru tiztimler oldugu tespit edilmistir
(Cizelge 2, 5, 8). Daha 6nce yapilan calismalarda, L* degerinin diisiik cckmasindaki en
biiyiik nedenin toplam fenolik bilesiklerce ve antosiyaninlerce zengin olmasimin bir
gostergesi oldugu belirtilmistir (Christiensen, 2000). Tane gelisim seviyesi ve
radyasyon tipine (isinlama diizeyi, maruz kalma siiresi gibi) bagh olarak yiiksek oranda
UV iginlarina maruz kalmak, bitkinin strese karsi savunma mekanizmasi olan
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sekonder metabolitleri harekete gecirerek polifenol sentezini artirmaktadir (Quintana
ve Gomez, 1989; Berli ve ark., 2011; Matus, 2016; Jin ve ark., 2017). Buda Besiri
llcesinden alinan orneklerin daha fazla gilines 1s18ina maruz kaldig1 kanaatini
dogurmustur. Ayrica, uygun olmayan depolama kosullarina (nem, sicaklik, oksidasyon,
atmosferik kosullar, kirlilik gibi) bagh olarak, mikrobiyal gelisme yaninda enzimatik
reaksiyonlarla renk degisikliginin olabilecegi diisiiniilmektedir (Karacali, 2002;
Christiensen, 2000; Cemeroglu ve ark., 2004).

Kuru iziim numunelerinde yapilan kimyasal analizler degerlendirilecek olursa, pH
degeri bakiminda her iki ekolojide yetistirilen cgesitlere ait kuru tzim o6rneklerinde
istatistiksel olarak anlamli bir sonu¢ alinamamaistir. Ancak gidalar, sahip olduklar: pH
degerlerine gore; yiiksek asitli gidalar (pH <3.7), asitli gidalar (pH 3.7-4.6), orta asitli
gidalar (pH 4.6-5.3) ve diisiik asitli gidalar (pH >5.3) seklinde siniflandirilabilmektedir
(Temiz, 1998). Bu yapilan smiflandirma dogrultusunda Zeyti cesidi M-1 (4.68) érnegi
hari¢ diger tim kuru tzim 6rnekleri asitli gidalar 1skalasinda yer almaktadir. Zeyti
cesidine ait M-1 6rnegi ise belirtilen 1skalaya gore orta asitli gidalar i1skalasinda yer
almaktadir. Tum c¢egitlere ait kuru tuzim o6rneklerinde Midyat ekolojisinde
yetigtirilenler, Begiri ekolojisinde yetistirilenlere gore olgunluk indisi bakimindan daha
fazla oldugu belirlenmistir (Cizelge 3, 6, 9 ve 12). Buda rakimi daha yiiksek olmasi
nedeniyle Midyat ilgesinde yetistirilen tizimlerin UV radyasyonuna daha fazla maruz
kaldig1 ve kuru madde miktari ve olgunluk indisini artirdigi kanaatini dogurmustur.
Nitekim Song ve ark. (2015) calismalarinda, rakim artisiyla UV maruziyetinin arttigi,
bununda siranin kuru madde miktarinda artiga sebep oldugunu vurgulamiglardir.
Greer ve Weedon (2013) calismalarinda, yiiksek sicakliklara bagh olarak
transprasyonun neredeyse U¢ kat arttigini bununda tanede hacim kaybina neden
oldugunu ve kuru madde miktarini artirdigini belirtmiglerdir. Daha 6nceki yapilan bazi
calismalarda, su miktar1 disik olan kuru tzimlerde SCKM miktar1 ile olgunluk
indisinin daha yiksek olmasi1 gerektigi belirtilmigtir. Ayrica toplam asitlik
miktarindaki degisimleri tiziimiin su miktar: ile iligkilendirilmektedirler (Karacal,
2002; Sen ve ark., 2009; Sen, 2009; Kurucayli ve Sen, 2017). Calismada elde edilen
verilerin daha 6nceki arastirmalarla paralellik géstermemesinin nedeni olarak, alinan
numunelerdeki tanelerin bir 6rnek olmamasi ve ayni °Brix'te hasat edilmis
olmamasindan kaynaklanabilecegi tahmin edilmektedir. Daha once yapilan bir
calismada kuru tizim 6rneklerinin nem diizeyinin %15-20 araliginda olmasi gerektigi
belirtilmektedir (Drusch ve Ragab, 2003). Calismamizda elde edilen verilere gore, her
iki ekolojiden toplanan orneklerin higbiri bu aralikta yer almamaktadir. Bunun
nedeninin, Kuru Uzim Lisansli Depo Tebliginde belirtilen uygun muhafaza
kogullarinin saglanamadigr anlamim tagsimaktadir.

SONUC

Iki farkli ekolojide yetistirilen Bineteti, Kerkiis, Zeyti ve Mazruna cesitlerinden tiretilen
kuru tizim 6rnekleri halka agik satis noktalarindan rastgele satin alinarak fiziksel ve
kimyasal analizler yapilmis ve cesitler kendi iclerinde karsilastirilmistir. Yapilan
analizler sonucunda tane 6zellikleri bakimindan Besiri ilgesinden alinan érnekler daha
iyi bulunurken, tane renk parametreleri bakiminda Midyat il¢cesinden alinan
o6rneklerin rakimin daha yiiksek olmasi nedeniyle fenolik bilesik i¢erigini artirdigindan
daha iyi oldugu tespit edilmistir. Ancak tane renk parametrelerinden elde edilen



UZUN ve ark., / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 404-414 413

veriler 1g181nda uygun depolama kosullarinin saglanmadigi tahmin edilmektedir.
Yapilan kimyasal analizler sonucunda Zeyti ¢egidi M-1 6rnegi hari¢ diger tiim kuru
uzim ornekleri asitli gidalar 1skalasinda yer almigtir. Zeyti ¢cesidine ait M-1 6rnegi ise
orta asitli gidalar i1skalasinda yer almaktadir. Olgunluk indisi bakimindan Midyat
ilgesinden alinan kuru Gziim 6rneklerinin, Besiri ilgesinden alinanlara goére daha fazla
oldugu belirlenmistir. Nem miktar1 bakimindan ise her iki ekolojiden toplanan
6rneklerin hicbirinin Kuru Uziim Lisansh Depo Tebligi'nde belirtilen uygun muhafaza
kogullarin1 saglamadigr gozlemlenmigtir. Ticari olarak da satilan kurutulmus
meyvelerin, uygun olmayan sartlarda kurutulmasi ya da depolanmasi agamalarinda
kif gelisimine ve dolayisiyla aflatoksin ve okratoksin A kontaminasyonuna maruz
kalma potansiyeli oldukc¢a yiikseltmektedir. Kontamine o6rneklerin temizlenmesi
acisindan detoksifikasyon yontemlerinin gelistirilmesi ve toksin bulagmasi muhtemel
Uretim asamalarinda o6zellikle nem kontroli yapilmasina dikkat edilmesi
onerilmektedir. Kontrollerin tGiretimin ilk asamasindan tiiketime sunuldugu asamaya
kadar titizlikle yapilmasi gerekmektedir. Uygun tiretim teknikleri hakkinda tireticiler
bilinglendirilmeli, bu amacla gerekli egitim faaliyetleri diizenlenmelidir. Geleneksel
yontemlerle iiretilen kuru tiztimlerin, insan saglhig i¢in risk olusturacak diizeyde toksin
icerip  icermediginin  belirlenmesi acgisindan  biyokimyasal c¢alismalarinda
yuritilmesinde fayda oldugunu kanaatine varilmigtir.

CTKAR CATISMASI

Yazarlar olarak, calismanin planlanmasi, yuriatilmesi ve makale olarak yazilmasi
konusunda herhangi bir ¢ikar ¢catigsmasi igerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Tuba Uzun: Calismanin planlanmasi, analizlerin yapilmasi, verilerin yorumlanmasi ve
istatistiki analizin yapilmasi, makalenin yazilmasi ve son geklinin verilmesinde,
Biilent Hallag: Analizlerin yapilmasi, makalenin yazilmasi ve son sgeklinin
verilmesinde,

Ayse Altin: Materyalin toplanmasinda ve analizlerin yapilmasinda,

Giilcan Kaya: Materyalin toplanmasinda ve analizlerin yapilmasinda katki saglamistir.
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ABSTRACT

This research evaluated and determined some moisture-influenced

physical and gravimetric properties of Blighia sapida seeds relevant
to machine design at 11.9, 17.0, 22.0, 27.0 and 32.0% moisture levels | RESEARCH ARTICLE
(wet basis). These properties are vital in handling and seed process
design. With increasing seed moisture (11.9 to 32.0%), there was no | Received: 19.08.2020
statistically significant effect on the seed axial dimensions, principal Accepted: 20.10.2020
diameters, sphericity and surface area. This is because seed axial

dimensions relatively determine other properties afore stated. Keywords:
However, there were significant and linear increases in thousand | » Bulk density,
seed mass (189.3 —230.3 g), bulk (377.0 - 418.83 kg m®) and true (714.3 | » [ength,

- 771.1 kg m3) densities but decrease in porosity was not significant. | 3 Porosity,
Increase in bulk and true densities is due to the rate of increase in >  Sphericity,
the seed mass being more rapid than the rate of increase in its | ;.  gqurface area

volume, as the seed moisture increased. A non-linear decrease
showed in seed volume (3.4-3.2 cm3). Behavioral patterns of ackee

seeds and their investigated properties, under increasing moisture
was expressed using regression models. Required primary data for
the design of handling techniques and process machinery for ackee
apple seeds were generated.
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INTRODUCTION

Ackee apple (Blighia sapida) hails from a family called Sapindaceae and it is a native
of Jamaica and West Africa, which includes Nigeria among other countries. Ackee trees
exist as wild and spread over the humid parts of the Nigerian agro ecological zone. They
are usually up to 18 m in height, large in size and known for dense dark green leaves
(providing canopy) and having bright, red fruits (Keay et al, 1989). Propagation of ackee
is by seed planting, use of cuttings or by grafting. Omosuli (2014) quoted Lancashire in
his work that the ackee tree produces long (7.5 — 10 cm), lipid-bearing fruits all through
the year having January - March and June — August as peak seasons for fruiting.

The ackee fruit has an oval shape, which makes it look capsule-like, having three
fleshy valves. The ackee fruit experiences a self-split opening when mature and ripe. At
this stage, it contains three or more black seeds attached to cream-colored arils (Figure
1.

Figure 1 (a): Split Ackee fruit at maturity; (b): Dried Ackee seeds without arils.
Source: (a) Anonymous (2020); (b) Laboratory experiment (2020)

The arils are eaten when cooked or fresh as meat substitute in meals: this is common
in South West of Nigeria. The Arils are eaten as a meal in Jamaica where it is also
produced as canned food. All parts of the ackee apple tree are useful in traditional
medicine in Nigeria, Ghana, Céte d’Ivoire, Togo and Republic of Benin for treating
different ailments. Ackee apple seeds are used to treat vomiting and nausea: they are
pounded and used to treat stomach related problems. Also, the aqueous extracts from
the seeds can be also be used to get rid of parasites like termites. In addition, the whole
fruit except the aril is used for soap making and for fishing (Ekue et al, 2009). Bello et
al (2012) revealed that Congo Red Dye can be removed from aqueous solutions using
the extract from ackee seeds as adsorbent. Onuekwusi et al. (2014) found out that oil
extracted from ackee seeds can be used in the production of therapeutic agents and
industrial oil. However, handling and processing of ackee fruits and seeds had been
manual hitherto, especially in Nigeria. Therefore, if all the benefits of ackee seed must
be commercialized, its handling and processing must be mechanized which requires the
knowledge of its engineering properties. This knowledge is very necessary to generate
baseline data needed in developing handling equipment and processing machinery
generally for biomaterials. Food scientists also use this same knowledge to discover and
develop new uses for existing biomaterials. Example, porosity, bulk and true densities
are essential physical properties considered in the design of storage structures; design
of separation equipment and transport systems; determination of airflow resistance
during aeration and drying of seeds; and the determination of the power requirement
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of the dryer. Aperture size and shape on separating screens are determined by the seeds’
principal diameters and shape. Meanwhile, agricultural materials undergo a number of
important changes in their internal structure due to moisture content changes
(Andrejko and Kaminska, 2005).

The processing of Ackee apple seeds causes seed moisture changes either by drying
or by washing which would definitely result in seed structural changes that may affect
the engineering properties of the seeds that would surely influence the behavioral
trends of the seeds. In addition, there is hitherto a dearth of knowledge of the behavior
of ackee seeds influenced by their moisture change. Though the knowledge of the
engineering properties of seeds is wide, this research work determined the physical and
gravimetric properties of ackee apple seeds subject to their moisture changes as part of
the process of bridging the knowledge gap earlier stated. Researchers have reported the
effect of moisture content on the engineering properties of seeds or grains among which
are Milani et.al. (2007) for Cucurbit seeds; Ghodki et.al (2016) for Cassia seeds; Davies
(2010) for Arigo seeds; Malik and Saini (2016) for Sunflower seeds; Abubakar and
Benjamin (2019) for Moringa seeds.

MATERIAL and METHODS

Sample collection

Ackee seeds samples were got from Lanlate, Oyo State (7° 36’ 0” North, 3° 27' 0” East),
South — Western part of Nigeria where ackee trees grow predominantly. The ackee seed
lot was cleaned by removing debris, damaged and immature seeds. Afterwards, the
seeds were dried in air under a shade. Determination of the initial seed moisture was
by drying few seeds in the Oven at 103 + 1°C for 72 hours (ASAE, 1999) and the seed
lot later divided into five bulk samples of equal weight. Distilled water at calculated
amount was added to each of Four seed sample lots to obtain four different desired seed
moisture levels viz: 11.9 — 32% at about 5% interval. This is to cover ackee apple seeds’
moisture content at harvest, when air — dried and when soaked and washed in water
during processing. The calculation was done using equation 1 below.

_ M (MCf—MCi)
© 100-MCy

Wi (1)

W:m = amount of water in grams (g) to be mixed with the samples;

M= quantity of seed sample in grams (g);

MCrand MC; = the seed sample’s desired final and initial moisture content in wet basis
respectively (Davies, 2010; Bajpai et al., 2020; Jaiyeoba et.al, 2020).

Doubled, low density black polythene bags were used to package each sample to
preserve the moisture content. For Five days, a refrigerator was used to store the seed
samples at 5°C (Davies, 2010). This allows moisture to circulate uniformly in each seed
sample lot. Each time an experiment was to be carried out, the needed seeds quantity
was removed from refrigerated samples. The seeds taken are left in the laboratory for
one hour to equilibrate with ambient temperature.
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Physical properties
Seed dimension

30 seeds from each sample were picked at random. With Vernier caliper (0.05 mm
accuracy), the values of length, breadth and thickness of each seed were taken.
(Andrejko and Kaminska, 2005; Kumar et.al, 2018).

Mean diameters
Seed axial measurements were used to determine mean diameters (Arithmetic and
Geometric) as given in equations 2 and 3. (Kumar et al, 2018; Jaiyeoba et.al., 2020).

Gy = (XYZ)'/3 (3
Length is given as X, width as Y and thickness as Zin cm.

Area of seed surface
Equation (4) below was adopted in calculating the seed surface area.

S, =1 Gy” (4)

S, and Gaare area of surface and geometric mean diameter respectively. (Ofori et.al,
2019; Oyerinde et.al, 2020).

Sphericity
Sphericity was obtained using the equation (5) below as given by Abubakar and
Benjamin (2019):

_ (xyz)/3
=@ (5)
Sphericity is @ and other parameters given as in equations 2 amd 3.

Gravimetric Properties

Volume of seed

The liquid displacement method was adopted for determining seed volume. 20 ml of
Toluene (C7Hs) was poured into a measuring cylinder and individual seed was dropped
into the cylinder to record the displaced volume. The displaced toluene volume is the
seed volume. Experiment was repeated Five times for each sample lot. Toluene was
used based on low dissolution power, low surface tension and its low seed absorption
compared to water. (Milani et al., 2007).

Mass of thousand seeds

Hundred seeds were selected at random and weighed using an electronic weighing
balance. Thousand seed mass was obtained by multiplying a hundred-seeds mass by 10
which was repeated Five times for each sample lot. (Milani et al, 2007; Jaiyeoba et al,
2020).
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True density

Same method used for seed volume experiment was adopted here except for the Ten
grams of ackee seeds dropped in toluene to record the displaced volume. The ratio of ten
grams seeds to its displaced volume is the true density of the seeds. The experiment
was also replicated Five times. (Bajpai et al, 2020).

Bulk density

This experiment was carried out by filling a 320 ml beaker to the brim with ackee apple
seeds and weighed on a digital weighing balance. Five taps were made on the beaker to
ensure a consolidating filling of the beaker while removal of excess seeds was done with
a flat to level up the beaker surface. The ratio of the mass of seed bulk to the beaker
volume which it occupies is the seed bulk density. The experiment was replicated Five
times. (Abubakar and Benjamin, 2019; Bajpai et al, 2020). The following equation was
used to determine Bulk density:

py="2 (6)

Where p» = bulk density in kg m3; m = mass of the seed sample; and v = volume of
beaker (also taken as volume of seed sample).

Porosity
Porosity was determined by the equation (7) stated below.

p =PPr) 109 ()
Pt

P is the porosity, ptand pp as true and bulk densities respectively. Bulk and true density
results were used to determine porosity for each replicate of the samples. (Milani et.al,
2007; Abubakar and Benjamin, 2019; Bajpai et al., 2020)

Analysis of results

Results were analyzed with Analysis of Variance (ANOVA) using Genstat Discovery
Edition 4. Least Significant Difference (LSD) was adopted for separation of means at
5% probability level.

RESULTS and DISCUSSION

Physical properties
The effect of seed moisture on the physical properties of ackee apple that were assessed
was not significant (at 5% level of significance) as shown in Table 1.

Table 1. Means of the Physical properties of Ackee seeds under moisture influence

Moisture Length Width Thickness Arithmetic Geometric Surface Sphericity
content (cm) (cm) (cm) dimension dimension area %
(%) (cm) (cm) (cm?)

11.9 245+0.19 1.82+0.13 142+0.12 1.90+0.13 1.85+0.12 10.78+1.40 0.76+0.04
17.0 2.39+0.13 1.79+0.08 1.38+0.09 1.85+0.08 1.81+£0.07 10.27+0.84 0.76=0.02
22.0 241+0.11 1.82+0.09 142+0.09 1.89+0.08 1.84+0.08 10.68+0.92 0.76+0.02
27.0 245+0.13 1.84+0.11 142+0.11 190+0.10 1.86+0.10 10.86+1.18 0.76+0.02
32.0 2.44+0.12 1.87+0.11 1.45+0.11 1.92+0.10 1.87+0.10 11.06+1.20 0.77=+0.03

Note: No significant difference at 5% probability level
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Seed axes

Seed length, width and thickness of ackee showed no significant difference which means
that they are not moisture dependent. It therefore follows that the mean diameters,
sphericity and surface area would not show a significant change being dependent on the
values of the seeds’ three axes. The changes in length, width and thickness of any seed
determine its arithmetic and geometric mean diameters, which in turn determine
sphericity and shape. The non-significant changes in the seeds’ axial dimensions maybe
due to the relatively impervious nature of ackee seed coat. Ofori et.al (2019) recorded a
similar result for Opeaburoo maize variety in which differences in both seed width and
seed thickness were not significant with decrease in seed moisture during drying. The
seed moisture and seed axes relationship are expressed in the second-order and third
order polynomial equations in Table 2.

Table 2. Regression models showing the physical properties — seed moisture
relationship of Ackee seeds
Property Equation R2
Length=X X=-92.996x3 + 64.008x2 - 13.778x + 3.3372 0.9979
Width=Y Y=3.048x2 - 1.0845x + 1.9041 0.8579
Thickness=7Z 7 =-38.063x3 + 27.579x2 - 6.0771x + 1.814 0.7639
Aa Aq=-53.518x3 + 38.021x2 - 8.3178x + 2.4374 0.9382
Ga Ga=-49.752x3 + 35.522x2 - 7.7794x + 2.3537 0.9107
Surface area = Sa Sa =-596.38x3 + 426.55x2 - 93.687x + 16.878 0.9159
Sphericity = @ @ =6E — 05x2 - 0.0021x + 0.7776 0.8556

x = Moisture content; Aq = Arithmetic mean diameter; Ga = Geometric mean diameter.

The mean diameters

The mean diameters (arithmetic and geometric) determine the aperture (holes) size
used in the design of screens in cleaning and separating machines for grain handling
(Davies, 2010). From the result in Table 1, the mean diameters increased as seed
moisture increased but not significant. It therefore implies that ackee apple seeds, at
different moisture contents can be cleaned, sorted or separated using same screens.
Regression models showing the relationship between the mean diameters of ackee apple
seeds and their moisture content are stated in Table 2.

Surface area

As moisture content increased, seeds’ surface area also increased though with a drop at
17% moisture content (Table 1). The increase in surface area was not significant.
Surface area is important in determining coverage area when spraying the seeds,
residue removal, seeds’ rate of respiration, assessment of color and seeds’ reflection of
light: In heating and cooling processes, it is a necessary factor in determining the
transfer of heat and mass; hence for ackee seeds, heating or cooling would be easy and
uniform especially when they are moisture laden. Surface area is one of the primary
factors affecting reaction rate in biochemical processes involving seeds; therefore, it is
expedient to study it (Davies et al, 2014). The relationship between moisture content
and surface area is shown in Table 2 above.

Sphericity

The average value for sphericity remained constant at approximately 0.76 with
increasing moisture content though highest at seed moisture of 32% as presented in
Table 1. Omobuwajo et. al (2000) recorded a similar result for ackee apple seeds (75.5%)
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though determined at one moisture level of 9.88% wet basis (i.e. not subjected to
moisture variation). Seed with sphericity above 70% is considered to be spherical
(Garnayak et al, 2008; Jaiyeoba et.al, 2020), therefore ackee apple seeds can be
regarded as being spherical. High sphericity implies that ackee apple seeds will easily
roll on surfaces regardless of the moisture content and roll on one another where seed
flow is involved. It also determines the shape of aperture where screens are involved in
cleaning or separating machines; hence ackee seeds will maintain a spherical shape at
different moisture levels therefore aperture shape will not change. The relationship
between moisture content and sphericity is shown in Table 2.

Gravimetric properties

Thousand seed mass and individual seed volume:

For ackee apple seeds, thousand seed mass increased significantly and linearly from
189.3 to 230.3 g (Table 3) with increasing seed moisture content [11.9 to 32.0% wet
basis]. It therefore implies that every moisture addition will result in an increase in
seed mass. Similar result was recorded by Aviara et.al (2019) for Mahogany seeds,
Zewdu and Solomon (2007) for Tef seeds. The trend and relationship between seed
moisture and thousand seed mass are shown in Figure 2.

Table 3. Moisture effect on Gravimetric properties of Ackee apple seeds

Moisture Seed volume 1000-unit mass True density Bulk density Porosity
content (%) (cm?) (2) (kg m3) (kg m) %
11.9 3.40¢ + 0.55 189.32 + 4.78 714.32+£0.08 377.02£5.10 47.22 +£0.71
17.0 2.602 + 0.55 196.62 + 7.36 715.82 + 36.29 387.12 + 7.33 45.84 + 2.43
22.0 2.202 + 0.45 207.6> + 8.17 725.32> + 24.55 384.92 + 9.49 46.85 + 2.80
27.0 3.00Pc £ 0.71 226.2¢ + 3.22 771.0P £ 42.15 411.5+11.12  46.50 + 3.34
32.0 3.20bc £ 0.45 230.3¢+11.97 771.0° £ 42.15 418.2P £ 8.91 45.60 = 3.31
LSD 0.723* 10.17* 0.04367* 0.01138* NS
Note: *Significant at p=0.05. Means along the same column with different letters are significantly different. NS = Non
significant
250
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200 /
£
*é‘ 150 y =2.2224x + 161.15
3 100 R?=0.9661
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Figure 2. Thousand unit mass of Ackee apple seeds as affected by moisture content

A non —linear decrease in seed volume was recorded for ackee apple seeds as revealed
in Table 3. The non — uniformity in individual seed size and weight might have
accounted for such result since seeds were randomly selected from samples at each
moisture level for the experiment. The relationship between seed moisture and seed
volume is represented in equation 8.

V=90.53x2 - 39.763x + 6.79 R*=0.7906 8)

Where V is seed volume and X is seed moisture content.
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Bulk and true densities

Ackee apple seeds increased in bulk density significantly (377.0 - 418.0 kg m*) and
linearly too (Table 3). Mass of a grain bulk divided by its volume is its bulk density.
Therefore, during storage, carriage or transportation, same volume of ackee seeds at
higher moisture level will record higher weights than in lower levels of moisture. This
is vital in design considerations for type and strength of material required for
constructing equipment for storing, transporting or conveying ackee seeds. Same trait
holds for true density (714.3 - 771.1 kg m™3). Unal et al (2013), Malik and Saini (2016)
and Jaiyeoba et. al (2020) reported similar results for Bitter gourd, Sunflower and
Nutmeg seeds respectively. Graph and models showing the behavioral trend, and the
relationship between seed moisture and bulk and true densities of ackee apple seeds is
in Figure 3.

900
c 800
2 700 y = 3.3551x + 665.73
¢ 600 R2=0.8386
% 500
L 400 . e o & Bulk Density
(]
v )
2 300 y = 2.1264x + 349 True Density
3 200 R?=0.8791
=
> 100
[aa]
0
0 10 20 30 40
Moisture content (%)

Figure 3. Bulk and true densities of Ackee apple seeds as affected by moisture content

Porosity

Porosity for ackee apple seeds reduced as seed moisture increased (Table 3) but was not
statistically significant. Porosity of a grain bulk material is the ratio of voids (i.e the
pore spaces) in it to the space it occupies. It implies that porosity will reveal the
magnitude of pores in a grain bulk. In addition, at high moisture content when the seeds
are wet on their surfaces, the water film partially fills the pores thereby reducing
porosity. This research considered working at high moisture content because of seed
washing in water, being part of the processing of the seeds. Porosity is important in
packaging of the seeds and affects airflow through seed bulk and the free flow of hot air
during drying. Decrease in porosity for ackee seeds with increasing moisture will resist
aeration, prolong the drying process, and require more power from the dryer. Igbozulike
and Aremu (2009), Sobukola and Onwuka (2010), and Jaiyeoba et.al (2020) reported
decrease in porosity for Melon seeds, Locust bean (Parkia filicoidea) seeds and Nutmeg
seeds respectively.

Revealed in equation 9 is the relationship between ackee seeds’ moisture to their
porosity.

e = -1923.2x3 + 1256.7x2 - 262.24x + 63.809 R?=0.8373 9

where £ = porosity and x = moisture content
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CONCLUSION

1. Physical and gravimetric properties of Ackee seeds were determined relative to
increased seed moisture.

2. To predict the behavioral pattern of Ackee apple seeds under moisture influence,
regression equations were generated.

3. The developed baseline data required for equipment and machine design is a
proof that mechanization of ackee apple seeds’ handling and processing is
possible.

4. Appropriate and safe handling techniques for Ackee apple seed can be developed
through the knowledge of the relationship between the properties and its
moisture content as revealed by the regression models.
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OZET

Bu calismanin materyalini mandalina meyvesi olusturmaktadir.

Calisgmanin ilk agamasinda laboratuvar ortaminda farkl sartlarda
kurutulmus 6 ornek incelenmistir. Ikinci asamada 6 ornek icin ARASTIRMA MAKALESI
tiuketici begenisi test edilmistir. Son olarak anketlerle katilimcilarin
tattiklar1 kurutulmus mandalinalar ve diger kuru meyvelerle ilgili Alinig tarihi: 31.08.2020
tiikketim tercihi, aligkanliklar1 ve davramiglari degerlendirilmigtir. | Kabul tarihi: 22.10.2020
Calismada kurutma islemleri, tadim testleri ve anketler Tokat
Gaziosmanpasga Universitesi Ziraat Fakiiltesinde yuritalmustur.
Calismanin  kurutma iglemleri sonucunda, kurutma oOncesi
uygulanan mikrodalga 6n isleminin kuruma siresini ve renk
degerlerini 6nemli seviyede (p<0.05) etkiledigi tespit edilmistir. En

Anahtar Kelimeler:

. ) ) ) . > Mandalina,
uzun kuruma siiresi 52 saat ile mikrodalga 6n islemi uygulandiktan > K
N . g N uru meyve,
sonra 55°C sicaklikta yapilan kurutma iglemidir. En kisa siiren > Tiiketi
tiketim

kurutma islemi ise 15 saat ile 6n islem uygulanmadan 75°C
sicaklikta kurutulan érneklerde bulunmustur. Kurutulan mandalina ahgkanhklari,
ornekleri aroma ve toplam renk degisimleri agisindan tazesiyle Kurutma islemi,
kiyaslandiginda en uygun yontemin mikrodalga o6n iglemi | » Mikrodalga

\4

uygulandiktan sonra 75°C sicaklikta yapilan kurutma iglemi oldugu
tespit edilmigtir. Katilimcilarin tamami kurtulmus meyveleri; ¢erez,
cay ve kahvenin yaninda atistirmalik, komposto vb. sekillerde
tiketmektedir. Testlerde katilimcilarin %67.50’si mandalina
kurusunun tadini, rengini ve gorinimini begenmis; %32.50'lik
kismi ise bu tadi begenmemigtir. Bu tirtini begenenlerin %67.50’s1
daha sonra da atistirmalik, gerez ve ¢ayini yaparak tatlhilarda aroma
verici olarak kullanabileceklerini belirtmiglerdir. Kurutulmus
mandalinalarin begenisinde cinsiyetin ve sigara kullaniminin 6nemli
fark yarattig1 gorulmustiir.

Alinti i¢in: Kaplan E, Tagsova M, Bal H S q, (2020). Meyve Kurutma Yontemlerine Goére Tiiketici
Tercihleri: Sunburst Cesidi Mandalina Ornegi. Turkish Journal of Agricultural Engineering
Research (TURKAGER), 1(2): 425-440. https-/doi.org/10.46592/turkager.2020.v01102.016
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Consumer Preferences According to Fruit Drying Methods: Sunburst Type
Mandarin Example

ABSTRACT

The material of this study is tangerine fruit. In the first stage of
the study. 6 samples were prepared under different conditions in
the laboratory environment. In the second stage the required
taste for 6 samples was tested. Finally, the questionnaires' | RESEARCH ARTICLE
consumption preferences habits and behaviors related to the
economic tangerines and other dried fruits were evaluated by the
questionnaires. It is required at Tokat Gaziosmanpasa
University Faculty of Agriculture. It tries to determine the
drying necessity of the study pre-drying technology. the drying
profile and color values of the study significantly (p <0.05). The | Keywords:
longest drying time is the drying process carried out at 55°C after
microwave pretreatment with 52 hours. The shortest drying
process was found in samples dried at 75°C without
pretreatment for 15 hours. When the dried mandarin samples
are compared with the freshness in terms of aroma and total
color changes.It was found that the most suitable method is the
drying process at 75°C after microwave pretreatment. All of the
participants were prepared to get rid of the dried fruits, snacks,
tea, coffee, snacks, compotes etc. consumes in ways. In the tests
67.50% of the participants liked the taste color and appearance
of the tangerine dry while 32.50% did not like this taste 67.50%
of those who liked this product later stated that they can use it
as a flavoring agent in desserts by making snacks, cookies and
tea. It was seen that gender and smoking make an important
difference in the taste of dried tangerines.
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GIRIS

Mandalina (Citrus reticulata) 1himan iklimde yetismekte olan turuncgiller (Rutaceae)
familyasina ait bir meyve tiradir. Turuncu, sar1 renklerde olan mandalina; etli ve sulu
bir yapiya sahiptir. Kurutulmus mandalina, mandalinanin 6zel firinlarda kurutulmus
seklidir. Uretimini yaptiimiz kuru mandalina satig cesidi sadece dilimli kurutma
seklindedir ve 6zel siparis ile iiretilmektedir (Anonim, 2018).

Mandalina kurusu, taze tirtinliin gerekli 6n igslemlerden gecirilerek kurutulmasi ile
uretilmigtir. Kurutma esnasinda kurutulan iirtindeki 6zsuyun buharlagmasi ile tirtintin
6ztu kalir ve dogal mandalina kurusu icindeki besin degerleri, vitaminler, etken
maddeler, taze dogal haline oranla ¢ok artmistir. Bu nedenle ayni miktar taze
mandalina tiikketmek ile mandalina kurusu tiiketmek arasinda besin degerleri
acisindan ¢ok farklilhik vardir ama faydalar kiyaslandiginda ise istisnai durumlar
haricinde dogal taze mandalina neye iyi geliyorsa mandalina kurusu ayni konuda
faydali oldugu soylenmektedir (Anonim, 2019).

Tarimsal meyve ve sebzeler yaklagik %75-95 bir nem seviyesine sahiptirler. Bu
yliksek nem igerigi iirtinlerin uzun siire taze olarak saklanamadan kisa siire igerisinde
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bozulmasina neden olmaktadir. Bu durumu engellemek veya tamamen ortadan
kaldirmak i¢in eskiden beri uygulanan kurutma islemi ile trlinlerin bilinyelerinde
barindirdiklar: serbest nemin ekonomik olarak bozulmadan depolanabilecegi bir nem
araligina distrilmesi gereklidir (Doymaz, 2011; Ghanbarian ve ark., 2019). Uriinlerin
kurutulmasi i¢in bir¢cok yontem uygulanmaktadir. Bunlardan en yaygin olarak
kullanilam1 acikta (giineg-golge) kurutma islemidir. Ancak bu yéntemde hava
sicakliginin kontrol edilememesi uzun kuruma siiresi ve temiz olmayan son lriin gibi
baz1 olumsuz durumlar mevcuttur. Bu sebeple yapay kurutucularin kullanilmasiyla
belirtilen olumsuz durumlar ortadan kaldirilmig ve daha az kalite kayiplar
olusturulmustur. Gida alaninin bir¢cok agamasinda kullanilan mikrodalga 1sinlar hijyen
ve kalite gibi konularda 6nemli etkileri oldugu bilinmektedir. Gida, ilag, kozmetik basta
olmak tizere bircok alanda kullanilan mandalina Turkiye’de daha c¢ok taze ve
kurutulduktan sonra meyve gseklinde tiketilmektedir.

Tirkiye’nin ilk ihracatg1 sektorlerinden olan kuru meyve sektori tlke tarimsal
Uretiminin giiglii alanlarindan olan yas meyve sebze liretimine bagl olarak énemli bir
uretim ve ihracat alamidir. Tamami yerli girdilere dayali Gretim yapisi ile Tirkiye'ye
onemli miktarlarda déviz kazandirmaktadir. Kuru meyve tretimi o6zellikle yas
uretimin gerceklestigi bat1 ve gliney bolgelerinde énemli bir gelir ve istihdam alanidar.
Sektoriin gelismesi, Uretimin artmasiyla beraber kaliteli Uriin tGretme ve ihracat
yapilan llkelerin sayisi ve niteliklerinin artirilmasi ile dogru orantilidir.

Kuru meyve firiinlerinin mevcut ihracat potansiyelinin arttirilmasi amaciyla
sturdiriilebilir Uretimin yami sira uluslararasi saghk standartlarinin saglanmasi
urtnlerin kalitesi ve rekabetci fiyat politikalarinin gelistirilmesi son derece 6nemlidir.
Mevcut pazarlarimizda kalici olmak yeni pazarlara erisim ve kuru meyve
urinlerimizim o6ncelikli talep edilebilir tirtiinler olmasi en énemli hedefler arasindadar.
Bununla birlikte 2015 yi1linda diinya kuru kayis1 ithalatinin %1.2’sine tekabiil eden 4.8
Milyon $ degerinde kuru kayisi1 ve 8 Milyon $ kuru tzim ithalat1 gerceklesmistir
(Anonim, 2018).

2015 yilinda kuru meyve ihracati Tirkiye genelinde bir énceki yila gére miktar
bazinda %5'lik distsle 412.099 ton deger bazinda %8 distisle 1.3 Milyar $ olarak
gerceklesmigtir. 2015 yil1 kuru meyve ihracatimiz Girtin gruplari bazinda incelendiginde
¢ekirdeksiz kuru tziimiin en énemli ihra¢ tirinimiiz oldugu ve miktar bazinda %54
deger bazinda ise %32'lik bir paya sahip oldugu goérilmektedir. Cekirdeksiz kuru
lUzimu sirasiyla miktarda %16 degerde %23 pay sahibi olan kuru kayis1 ve miktarda
%15 degerde %17 pay sahibi olan kuru incir izlemektedir (Anonim,2020). Tiirkiye kuru
meyve Uretimi ve uluslararasi ticaretinde en 6nemli ulkelerden biridir. Tirkiyenin
ithrag ettigi en 6nemli Urinler; kuru tizim, kuru kayisi, kuru incir ve sert kabuklu
meyvelerdir.

Tiurkiye'nin geleneksel ihra¢ kalemlerinden kuru incir kuru tiziim ve kuru kayisidan
2019 sezonunda 704 milyon dolar gelir elde edilmistir (Anonim, 2020). Son zamanlarda
stirdiirtilebilir saglikli ve giivenli beslenmenin gerekliligini hem diyetisyenler hem de medya
sturekli vurgulamaktadirlar. Bu baglamda triinlerinin kaybetmeden nasil muhafaza
edilir tartismalar1 ortaya c¢ikmaktadir. Uriinleri kurutma yontemi yillar itibariyle
gelenekselligin devami niteliginde minimum diizeyde de olsa stirekliligini
saglamaktadir. Bu calismada kurutulmus meyveler ile ilgili sorularak mandalina
kurusunun degerlendirilmesi yapilmistir. Bu amag¢ dogrultusunda tiiketicilerin
kurutulmus meyve titketim tercihleri ve satin alma davraniglar: ortaya konulmustur.
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Literatiirde gida konusunda tiiketici taleplerinin belirlenmesiyle ilgili Bektas ve ark.
(2010), Taskin ve ark. (2020) vb. bir¢ok calisma mevcuttur. Ancak laboratuvar
ortaminda kurutulan mandalina meyvesinin tiliketici tercihlerinin belirlenmesi
konusunda herhangi bir c¢alismaya rastlanilmamistir. Calismanin bu yontyle de
6zglnligini ortaya koymaktadir.

Bu calismada mikrodalga 6n iglemin (180 W-30 saniye) ve 55, 65 ve 75°C kurutma
sicakliklarinin mandalinanin gorsel test (renk, tat, koku vb.) degerlerine etkisi anket
bulgulari, laboratuvar ortaminda tespit edilen renk kalite degerleriyle kiyaslanarak ve
tiketicilerin tadim testleri ve begenileriyle en uygun kurutma igleminin belirlenmesi
ve bulgularin literatiire kazandirilmasi amaglanmigtir.

MATERYAL ve YONTEM

Bu calisma iic asamadan olusmaktadir. Ik agama kurutma islemi olup burada én islem
uygulanmig ve uygulanmamig olarak etiiv kurutucuda 55, 65 ve 75°C sicakliklarda
kurutulmustur. On iglem olarak ise mandalina meyveleri mikrodalga firmda 180 W gii¢
degerinde 30 saniye bekletilme iglemi uygulanmistir. On islemdeki amag¢ kurutulan
materyalin kuruma kinetigi iyilestirmek ve/veya kalite degerlerinden en aza kayiplarin
meydana gelmesi i¢cin yapilmaktadir. Ikinci asamada farkli yontemler kullanarak elde
edilen kurutulmus mandalina 6rnekleri deneklere tattirilmistir. Son asamada ise
Arastirmaya katilan deneklere hem kurutulmus mandalina ile ilgili diisiinceleri hem
de genel kuru meyve tiikketimlerine iligkin sorularin yer aldigi anket uygulanmigtir.
Calismada Etik Kurul Kararr alinmigtir. Tim bu agsamalara iligkin kullanilan metotlar
asagida verilmigtir.

Kurutma materyali

Calisma iki yonli yuratalmustir. Ik olarak Calismada kullanilan Sunburst cesidi
mandalina meyvesi Tokat ilinde bulunan yerel bir marketten satin alinmigtir. Meyveler
Tokat Gaziosmanpasa Universitesi Ziraat Fakiltesi kurutma laboratuvarina
getirilerek calismaya baglanildigi ana kadar +4+0.5°C sicaklikta buzdolabinda
saklanmigtir.

Ik nem igeriginin belirlenmesi

Mandalina 6rneklerinin baglangi¢c nem igeriginin belirlenmesi i¢in ortalama 50+2 g yas
meyve kullanilarak 70°C sabit sicakliga ayarlanmis etlivde agirlik degisimi sabitlenene
kadar bekletilmigtir. Agirlik degisimini izlemek igin belirli araliklarda o6rnekler
kurutucudan cikartilarak agirliklar: tartilmistir (Abuska ve Dogan, 2010).

On iglem

Kurutulacak mandalina 6rneklerinin tiiketici taleplerine, kuruma kinetigi ve renk
degerlerine etkisinin belirlenmesi igin kurutma islemi 6ncesinde mikrodalga firinda
180 W gii¢ degerinde 30 saniye sliresince bekletilmistir.

Kurutma iglemleri

Mandalina 6rneklerinin kurutulmasi i¢in literatiirde de yaygin olarak kullanilan 55, 65
ve 75°C sicaklik degerleri sec¢ilmistir. Kurutma islemlerinde triinlin baglangi¢ nem
igerigi yas baza gore %10-15 diisene kadar belirli siire araliklarinda kurutucudan
cikartilarak 0.01 g hassasiyetli terazi ile agirliklar: tartilmigtir.
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Istatistiksel analiz

Kurutulmus mandalina 6rneklerine ait renk degerlerine kurutma iglemlerinin etkisini
belirlemek ve tazeleriyle aralarinda istatistiksel a¢idan 6nemli bir farklhiliginin olup
olmadigin tespit etmek icin SPSS 17 programinda One-Way ANOVA testi (p<0.05)
yapilmigtir.

Anket uygulamasi

Calismanin kurutma ile ilgili agamalar1 gibi tiiketici degerlendirmeleri agsamasi da
Tokat Gaziosmanpasa Universitesi Ziraat Fakiiltesinde yiritilmustiir. Elde edilen
kuru mandalina 6rneklerinin tadim testleri ve anketler icin Ziraat Fakultesindeki 80
akademik personelin 401 arastirmaya dahil edilmistir. Ilk olarak iki farkli kurutma
yontemi ile kurutulan mandalina o6rnekleri deneklere tattirilmis ve kurutulmus
orneklerin tat, lezzet, renk, goérinim ve sertliklerine iliskin degerlendirmeleri
alinmigtir. Daha sonra kurutulmus mandalina ve diger kurutulmus gidalarla ilgili
tiketim ve davraniglarin1 degerlendirmeye yonelik anketler yapilmigtir. Anket
formunda deneklerin kurutulmus mandalina ile ilgili begenilerini bu triiniin sonraki
zamanlarda tuketimine yonelik distincelerini ve alternatif tiiketilebilme olanaklarina
yonelik distinceleri ile genel olarak kurutulmus gida tiketimlerine iligkin
davraniglarini 6lgecek sorular yer almigtir.

BULGULAR ve TARTISMA

Mandalina meyvesinin kuruma performansi

Kurutma materyalinin ilke nem icerigi %86.66 (7.95 kuru baz) olarak belirlenmistir.
Akdas ve Baslar (2014) calismalarinda mandalina meyvesinin ilk nem iceriginin
%89.89 olarak belirledigini ifade etmigler. Yag baza gore tespit edilen bu ilk nem degeri
yapilan tim kurutma islemlerinde %10-15 araligina kadar diigtirilmustir. Therdthai
ve ark. (2011) yaptiklar1 mandalina kurutma calismalarinda iirtiniin kuru baza gore
Urinin nem icerigi 8.41 g su g'! kuru madde olarak belirlenmig ve tirtinlerin son nem
icerigini 0.84-1.13 g su g! kuru madde araligina kadar kurutmuslar. Kurutma
sicakliklarinda belirlenen meyvelere ait ortalama kuruma siireleri Cizelge 1'de
verilmigtir.

Cizelge 1. Kurutulan mandalinanin ortalama son kuruma degerleri
Table 1. Average final drying values of dried tangerine

- Nem degeri Kuruma siiresi
Kurutma sicakligi b (saat)
55°C 13.05 48
65°C 11.98 28
75°C 12.59 15
MW-55°C 14.01 52
MW-65°C 12.88 34
MW-75°C 11.77 23

Cizelge 1’e gore mikrodalga 6n iglemin ve kurutma sicakliklarinin mandalinanin
kuruma stresi ve son nem degerlerini 6nemli seviyede etkiledigi belirlenmistir. Son
nem degerine ulagsma agisindan en uzun mikrodalga 6n iglemi uygulandiktan sonra
55°C sicaklikta yapilan kurutma isleminde tespit edilmistir. En kisa kuruma siiresi ise
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on igslem uygulanmadan 75°C sicaklikta yapilan kurutma igleminde bulunmustur.
Kurutma iglemlerinde uygulanan mikrodalga 6n iglemi kurutma materyallerinde
basing farki olusturarak turinin dokusunu yumusatmakta ve nem diflizyonun
hizlanmasina neden olmaktadir. Ancak bu calismada mandalina meyvesi igin
uygulandiginda tiim tekerrirlerde kuruma siiresini uzattigr gérilmiistiir. Bu durum
mikrodalga enerjisinin mandalina meyvesinde olusturdugu basin¢ farkindan dolay1
kabugun meyve etinden ayrilmasina ve bir bosluk olusturmasina neden olmustur. Bu
da meyveye puflu bir 6zellik kazandirmasinin yaninda 1s1 enerjisinin bir kismi1 meyve
etinden kabuga tasinirken aradaki bogluktan dolay1 yalitima ugradigi ve bundan dolay:
da toplam kuruma siiresinin mikrodalga 6n islemi uygulanmamig 6rneklere gére daha
uzun olmasina neden oldugu distintilmektedir. Bununla beraber kurutma havasinin
sicakliginin artmasiyla da kuruma siirelerinin 6nemli oranda azaldig1 gérilmustir.
Polatci ve Tasova (2020) yaptiklar: portakal meyvesi kurutma ¢alismasinda, uygulanan
sicaklik degerinin artmasiyla kuruma siiresinin azaldigin ve diisiik olan sicaklik (55°C)
degerine gore 65 ve 75°C sicakliklarinda kuruma stiireleri sirasiyla %61.54 ve % 83.33
oranlarinda azalmistir. Wang ve ark. (2018) calismalarinda 60, 65, 70 ve 75°C
sicakliklarda yaptiklar1 limon kurutmasinda kurutma sicakligin kalite ve kuruma
kinetigi konusunda 6nemli etkisinin oldugu belirtmigler. Mandalina dilimlerinin renk
degerlerine etkisi Cizelge 2’de verilmigtir.

Cizelge 2. Belirlenen renk degerleri
Table 2. Determined color values

Kurutma L a b C AE
sartlar (parlaklik) (kirmizilik) (sarilik) (kroma) (renk degigimi)
Taze 38.46b 6.05bc 13.40a 14.71a -

55°C 38.16b 3.97d 8.50c 9.43bc 5.79a
65°C 36.56bc 7.29b 7.96¢ 10.89b 7.53a
75°C 35.11c 5.31cd 7.13cd 9.02¢ 7.68a
MW-55°C 37.11bc 4.57cd 7.93c 9.26bc 7.21a
MW-65°C 37.03bc 5.74c 6.28d 8.59¢ 7.82a
MW-75°C 42.27a 9.67a 11.92b 15.40a 6.79a

Cizelge 2’ye gore mikrodalga 6n igslemi ile kurutma sicakliklarinin taze mandalina
ornekleri i¢in belirlenen renk degerlerine olan etkileri istatistiksel a¢idan énemli
oldugu bulunmustur. Mandalina meyvesi renk acgisindan daha kritik bir 6neme sahip
olan kirmizilik (a) ve sarilik (b) parametreleri kalite indikatéri bakimindan énemli
oldugu dusinilmistir. Taze mandalina oOrnekleri kirmizilik degeri acisindan
kurutulmus 6rneklerle kiyaslandiginda mikrodalga 6n islemi uygulandiktan sonra 65°C
sicaklikta yapilan kurutma yontemi ve 6n iglem uygulanmadan 65°C sicaklikta yapilan
kurutma yénteminin daha uygun (p<0.05) oldugu tespit edilmistir. Sarilik degeri
acindan yine ayni sekilde kiyaslama yapildiginda mikrodalga 6n iglemi uygulandiktan
sonra 75°C sicaklikta yapilan kurutma yénteminin daha uygun uygun (p<0.05) oldugu
bulunmustur. Tilketici ve pazar degerleri acisindan daha net bilgi sunan kroma ve
toplam renk degisim parametreleri de renk kalitesi hakkinda 6nemlidir. Kroma degeri
acisindan kurutulan meyveler tazeyle kiyaslandiginda mikrodalga o6n islemi
uygulandiktan sonra 75°C sicaklikta yapilan kurutma yénteminin daha uygun (p<0.05)
oldugu belirlenmistir. Ayn1 sekilde toplam renk degisim parametresi acisindan
kiyaslandiginda ise istatistiksel agidan 6nemli bir farkliligin olmadig1 gorilmiistir.
Calisma kapsaminda mikrodalga 6n islemi uygulanmis mandalina 6rneklerinin renk
kalite degerlerinin korunmasinda 6nemli etkisinin oldugu bulunmustur. Belirtilen renk
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parametreleri ve kuruma stiireleri 1g181nda mandalina meyvesinin mikrodalga 6n iglemi
uygulandiktan sonra 75°C sicaklik degerinde kurutulmasinin daha uygun bir yéntem
oldugu tespit edilmistir. Akdas ve Baslar (2014) calismalarinda normal ve vakumlu
firinlarda 55, 65 ve 75°C sicakliklarin mandalina meyvesinin baz fitokimyasal ve renk
parametrelerine olan etkisini arastirmislar. Ornekler kirmizilik degeri acisindan
kiyaslandiginda vakum firinda 65 ve 75°C sicakliklarda yapilan kurutma yonteminin
daha uygun oldugunu belirtmigler. Yine ayn1 calismada kurutulan 6rnekler sarilik ve
toplam renk degisim degerleri agisindan tazelerine gore kiyaslandiginda ise sirasiyla
vakum firinda 75°C ve normal firinda 75°C sicaklik degerlerinde yapilan kurutma
islemlerinin daha uygun oldugu belirlenmis. Orikasa ve ark. (2014) yaptiklar
calismalarinda belirlenen bulgular: destekler nitelikte benzer sonuglar tespit etmigler.
Incelenen caligmalarin bircogunda mandalina meyvesinin yiiksek sicakliklarda
kurutulmasi1 durumunda renk kalitesi agisindan daha iyi sonuclar alindig:
gorilmektedir. Kurutulan mandalina 6rnekleri i¢in belirlenen en uygun kurutma
sicakliginda elde edilen parametre degerleri Sekil 1’de verilmigtir.

MW-75°C
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Sekil 1. En uygun kurutma yéntemi ve degerleri
Figure 1. Optimal drying method and values

Sekil 1’de kurutulan Sunburst ¢esidi mandalina meyvesine ait belirlenen en uygun
kirmizilik, sarilik ve kroma renk degerleri verilmistir. Olgiilen ve hesaplanan her
degere karsilik gelen renk bulgular: gérilebilmektedir.

Kurutulmus mandalina ve kurutulmus gidalara yonelik tiiketici disgilince ve
davranmiglar

Bu bélimde arastirmaya katilan deneklerin tattiklar: kurutulmus mandalina ve diger
kurutulmusg gidalarin tiiketimine iligkin diiglince ve davraniglari ile ilgili arastirma
bulgular1 verilmistir. Arastirmaya katilanlarin %401 erkek %6071 ise kadinlardan
olugmaktadir. Onemli ¢cogunluk (%751) evlidir. Test ve anketler akademik personelle
yuratuldagi icin katilimeillarin tamami lisansiistii egitime sahiptir. Ortalama yas
39.58 ve ailedeki ortalama birey sayis1 ise 3.18'dir. Ortalama aylhk gelirin 8 185 TL
ortalama aylik harcamanin 7 062.5 TL ve ortalama aylik gida harcamasinin 1 597.5 TL
oldugu tespit edilmistir.
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Calismaya katilan tiiketicilerin tamami herhangi bir kurutulmus meyveyi bir
sekilde tiiketmektedir. Bu baglamda tiiketicilerin kurutulmus meyve tiiketim sekilleri
hangi amagla veya nasil tiikettikleri Cizelge 1’de verilmistir. Tiiketicilerin %42.51 ¢ayin
kahvenin yaninda atistirmalik olarak %22.5'1 komposto olarak tlikettiklerini ifade
etmislerdir (Cizelge 3).

Cizelge 3. Tiiketicilerin kuru meyveyi tiiketme sekilleri
Table 3. Types of consumers to consume dried fruit

F %
Pastalarda tatlandirmak amach 2 5.0
Igecek olarak (cay vs.) 14 35.0
Komposto olarak 9 22.5
Cayin kahvenin yaninda 17 42.5
Direk kuru meyve gerez olarak 36 90.0

*Birden fazla sik isaretlenmigtir.

Tiketicilerin %67.5'1 kuru meyveleri sevdiklerini, %651 dogal ve saghiklh tath
ithtiyacimi karsilamak ve %451 ¢ocuklarina dogal cips gibi tiikettiklerini, %2571 ise
kiltir ve aligkanlik olarak belirtmislerdir (Cizelge 4). Tiirkiye'de bazilarimn
uretiminde de diinya lideri oldugu incir, tzim, findik, fistik, badem, elma, visne, erik
gibi meyveler direk kuruyemis olarak veya komposto seklinde kiltiriin bir parcgasi
olarak ve sevilerek tiiketilmektedir. Bu yaganilan cografyanin meyve gesitliliginin ve
dogal glinesinin dogal sonucu olarak kazanilmis bir kiltir ve aliskanliktir. Anadolu’da
yuzyillardir hasat edilen meyveler ziyan edilmeden kurutularak kis i¢in glivenli besin
degeri yiksek gida olarak tiiketilmektedir. Arastirma sonuglari da bu yillarin
aligkanligini destekler sekildedir.

Cizelge 4. Tuketicilerin kuru meyveyi tiikketme nedenleri
Table 4. Reasons for consumers to consume dried fruit

F %
Kultiir ve aligkanliklar 10 95.0
Dogal ve saglikl tath ihtiyacini karsilamasi 26 65.0
Kuru meyveleri seviyorum 27 67.5
Iceceklere aroma katmasi 7 175
Tatlandiric: olarak kullaniyorum (hurma kayisi vs.) 8 20.0
Cocuklarima dogal cips gibi tiikettiriyorum 18 45.0

*Birden fazla gik isaretlenmigtir.

Ayrica son donemlerde guvenli atistirmalik arayan anneler piyasaya modern
kurutma teknikleri kullanilarak paketlenmis sekilde sunulan ve meyve cipsi olarak
adlandirilan kuru meyvelere yonelmiglerdir. Yine arastirma sonuclari bu durumu
desteklemektedir. Tiketicilerin %451 c¢ocuklar1 igin bunu tercih ettiklerini
belirtmiglerdir. Tiketicilerin %67°5’1 satin aldiklar1 kurutulmus meyvenin kaynagini
onemsemekte ve sorgulamaktadir. Buda Turkiye’de bu konuda tarladan sofraya kadar
olan gida glivenligi zincirinde yagsanan olumsuz 6rneklerden kaynaklanmaktadir. Gida
isleme sektorlerinin bircogunda oldugu gibi kurutulmus gida sektérinde de gida
giivenligi sorunlar siklikla yaganmaktadir.
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Tiketicilerin kurutulmus meyveleri tiketme siklig1 Cizelge 3te verilmistir.
Tuketicilerin yarisindan fazlasi kuru meyveyi stirekli ve siklikla tikettiklerini %37.5'1
de bazen tiikettiklerini belirtmislerdir (Cizelge 5). Sonuc olarak daha énce de belirtildigi
gibi Turkiye’de kurutulmus meyvelerin tiiketimi geleneksel ve kiilttrel bir alisgkanliktir
ve son zamanlardaki giivenli gida arayislari da bu tirtinlerin tiiketimini hizlandirmistar.

Cizelge 5. Tiketicilerin kuru meyveyi tiketme siklig1
Table 5. Frequency of consumers consuming dried fruit

F %
Nadiren 3 7.5
Bazen 15 37.5
Sik 20 50.0
Surekli 2 5.0
Toplam 40 100.0

Tiketicilerin %77.5'1 kuru meyveyi aktardan, %50’si ise ev aligverisini yaparken
marketten aldiklarimi ve %12.51 evinde kendi imkanlari ile kurutma yapip
tiikettiklerini belirtmislerdir (Cizelge 6). Tiiketicilerin tamami internetten, pazardan
ve bakkaldan satin almadiklarini bunun sebebinin ise s6z konusu yerlerin glivenli ve
saglikli olmadigindan dolay: satin almadiklarini belirtmigledir.

Cizelge 6. Tiketicilerin kuru meyveyi satin alma yeri
Table 6. Where consumers buy dried fruit

F %
Aktar 31 717.5
Market 20 50.0
Kendi imkanlarimla evde kurutma yapiyorum 5 12.5

*Birden fazla gik isaretlenmigtir.

Tiketicilerin %67.5inin kuru meyvede marka tercihi yoktur. %32.5 ise belli
markalar tiikkettigini belirmislerdir (Cizelge 7).

Cizelge 7. Kuru meyvede marka tercihi
Table 7. Brand preference for dried fruit

F %
Evet 13 32.5
Hayir 27 67.5
Toplam 40 100.0

Tuketicilerin kuru meyve tiiketirken aradiklar: kriterler Cizelge 6’da gorilmektedir.
Tiiketiciler kuru meyveyi satin alirken sirasiyla en cok lezzetine (%52.5) renk ve
kalitesine (%47.5) markasina (%37.5) menseine (%27.5) ve en az ise fiyatina (%22.5)
dikkat ettikleri sonuclari elde edilmistir (Cizelge 8).
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Cizelge 8. Tiketicilerin kuru meyve satin alirken aradiklar: 6zellikler
Table 8. What consumers look for when purchasing dried fruit

F %
Fiyat 9 22.5
Marka 15 37.5
Lezzet 21 52.5
Renk ve kalite 19 47.5
Mengeine 11 27.5

*Birden fazla sik isaretlenmigtir.

Tiketiciler i¢gin kurutulmus meyve satin alirken hangi faktorlerin ne derecede
onemli oldugu Cizelge 9'da gorilmektedir. Arastirma sonucunda tiiketiciler i¢in kuru
meyve satin alirken fiyat ve markanin ¢ok 6nemli olmadig1 gérilmistiir. Bunun diginda
kuru meyve satin alirken en ¢ok uriin kalitesi 6nemsenmektedir. Kalite disinda
sirasiyla kurutulmus trliniin tretim tarihi, katkisiz, saglikli ve hijyenik olmasi
tiiketicilerin kurutulmus meyve satin alirken en énemli gordiigii faktorlerdir (Cizelge
9).

Cizelge 9. Tuketicilerin Kurutulmus Meyve Satin Alirken Etkili Olan Faktorler
Table 9. Factors Aftfecting Consumers When Buying Dried Fruit

Onemli Biraz Orta Derecede Oldukea Cok Onemli
Degil Onemli Onemli Onemli g

F % F % F % F % F % % g

S&

Fiyat 5 125 9 225 15 375 9 225 2 5 2.85
Marka 6 15 6 15 14 35 12 30 2 5 295
Kalite 0 0 1 2.5 0 10 35 875 4.82
Uretim tarihi 2 5 0 0 0 15 32 80 4.65
Saglikl 0 0 0 0 0 10 25 30 75 4.75
Katkisiz 0 0 0 0 0 10 25 30 75 4.75
Hijyen 0 0 0 0 1 2.5 11 275 28 70 4.67
Besin Degeri 0 0 2 5 4 10 14 35 20 50 4.30
Tat 0 0 1 2.5 5 125 16 40 18 45 4.25
Ambalaj 0 0 0 0 11 275 13 325 16 40 4.12
Raf 6mrii 0 0 0 0 6 15 12 30 22 55 4.40

Aragtirmaya katilan tiiketicilerin ayni1 evde yasadiklarina bakmaksizin kuru
meyveleri en cok kimin tiikettigi konusundaki gorusleri; %42.51 cocuklarin, %45’ inin
annelerinin %37.51 babalarinin, %10unun ise biylkanne ve Dbuyiikbabalarinin
tiikettiklerini veya kullandiklarini yoéniindedir (Cizelge 10). Genellikle kadinlarin séz
konusu trinleri daha ¢ok kullaniyor olmasinda ise evdeki yeme, igme, pasta, borek vb.
islerde kuru meyvelerin kadinlar tarafindan kullaniliyor olmasinin etkisinin oldugu
soylenebilir. Cocuklarin 6gtunleri de anneler tarafindan diizenledigi i¢in ¢ocuklarin
kuru meyve tiketiminde de kadinlarin etkisi 6nemlidir.
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Cizelge 10. Aile bireylerine gére kuru meyve tiketimi
Table 10. Dried fruit consumption according to family members

F %
Anne 18 45.0
Baba 15 37.5
Cocuklar 17 42.5
Yashlar (Biiyiilkanne-Biiyiikbaba) 4 10.0

*Birden fazla sik isaretlenmistir.

Tiiketicilerin en fazla kuru kayis1 (2.72), kuru iiztim (2.6), kuru incir (2.3) gibi
siralanirken; en az ise kuru trabzon hurmasi (1.35) ve visne kurusu (1.57) gelmektedir
(Cizelge 11).

Cizelge 11. Cesitli kuru meyvelerin tiiketim siklig:
Table 11. Frequency of consumption of various dried fruits

Her Zaman Ara sira Hig

(]
g
< g
F % F % F % £3
o
Kuru iiziim 24 60.0 16 40.0 0 0 2.6
Kuru incir 14 35.0 24 60.0 2 5.0 2.3
Hurma 14 35.0 20 50.0 6 15.0 2.2
Kuru Trabzon hurmas: 0 0 14 35.0 26 65.0 1.35
Kuru kayis1 29 72.5 11 27.5 0 0 2.72
Portakal-mandalina turuncgil kurular: 2 5.0 17 42.5 11 27.5 1.52
Elma kurusu 10 25.0 17 42.5 13 32.5 1.92
Erik kurusu 15 37.5 16 40.0 9 22.5 2.15
Visne kurusu 6 15.0 11 27.5 23 57.5 1.57

Aflatoksin vb. mikrobiyal kaynakli kanserojenik metabolitler ve bunu 6nlemeye
yonelik katkilar tiketici saghgini tehdit eden problemlerden en énemlileri olarak
karsimiza c¢ikmaktadir. Arastirmaya katilan tiiketicilere aflatoksin nedir biliyor
musunuz diye soruldugunda ise %85’inin evet cevabini vermistir (Cizelge 12). Bu konu
kurutulmus sebze meyvelerin giivenle tiketilmesi i¢in tiiketicilerin dikkat etmesi
gereken en 6nemli konulardan birisidir.

Cizelge 12. Aflotoksin nedir. Biliyor musunuz?
Table 12.What is aflatoxin. Do you know?

F %
Evet 34 85.0
Hayir 6 15.0
Toplam 40 100.0

Ankete katilan tiiketiciler hem gida ve tarim sektori i¢inde yer almalar:i hem de
egitim seviyesinin yiiksekligi sebebiyle gida glvenligi algisi ve bilgileri tamdir.
Tiketicilerin satin alinan kuru meyvelerde sirasiyla en fazla ilag¢ kalintis1 olmamasina
(3 puan), kaynagina (yerel cesitlerin ve 6zel tatlarin kurutulmus olmasi) (2.75 puan),
saklama kosullarina (2.75 puan), ambalajlama kalitesi ve teknolojisine (2.65 puan),
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kurutma teknolojisine (2.37 puan) dikkat ettikleri sonuclar arasimdadir (Cizelge 13).
Turkiye tek bir bdélgesinde bile bir meyvenin onlarca cegidi yetigebilen &zel bir
cografyadir. Tiketiciler bu yerel gesitleri ve o6zel tatlar1 6zellikle aramaktadir. Bu
sebeple bu tatlarin korunmasi ve tiiketicisine giivenle ulastirilmasi tiiketici sagligi ve
memnuniyeti kadar tilke tarimi ve ekonomisi agisindan da énemlidir.

Cizelge 13. Satin alinan kuru meyvelerde dikkat edilen 6zellikleri
Table 13.The most important expectations of consumers for the dried fruits you buy

Onemli Farketmez Onemsiz

o

g
= g
F % F % F % £ d

(@)
Ilag¢ kalintis1 olmamasi 40 100 0 0 0 0 3.00
Kaynag1 (yerel cesitlerin ve 6zel tatlarin 31 775 3 920.0 1 95 9275

kurutulmus olmas1)

Kurutma teknolojisi 19 47.5 17 42.5 0 0 2.37
Saklama kosullar1 32 80.0 6 15.0 2 50 275
Ambalajlama kalitesi ve teknolojisi 28 70.0 10 25.0 2 50 265

Aragtirmaya katilan tiiketicilerin %251 (10 kisi) meyve kurularini disardan satin
almak yerine evde kurutma iglemi yaptiklarini belirtmiglerdir. Kurutma iglemini ise
glineste, golgede, ev firininda ve evde mikrodalgada yaptiklarini ifade etmiglerdir
(Cizelge 14). Evde kurutmay1 daha saglhkl ve giivenli oldugunu diisiindiikleri i¢cin bu
sekilde kuruma yaptiklarini belirtmiglerdir.

Cizelge 14. Tiketicilerin evde kurutma sekli
Table 14.The way consumers dry at home

F %
Glneste 5 50
Golgede 3 30
Ev Firininda 2 20
Evde Mikrodalgada 7 70

*Birden fazla gik isaretlenmigtir.

Tiketicilerin  %67.5iT mikrodalga kullandigr %32.51 ise saglikli olmadigini
diistinerek kullanmadigini ifade etmislerdir (Cizelge 15). Mikrodalga kullananlar (27
kisi) arasinda sadece %37.041iikk kismi mikrodalgada kurutma yaptiklarim
belirtmislerdir (Cizelge 16).

Cizelge 15. Tiketicilerin mikrodalga kullanip kullanmama durumu
Table 15.Consumers not using microwave

Evet Kullaniyorum 27 67.5
Hayir Kullanmiyorum 13 32.5
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Cizelge 16. Tiketicilerin kurutma isleminde mikrodalga kullanimi
Table 16.The use of microwave in the drying process of consumers

F %
Evet Kullaniyorum 10 37,04
Hayir Kullanmiyorum 17 62,96

Mikrodalga firinlarda 1s1 enerjisinin nasil tiretildigini konusunda tiiketicilerin %601
bilgi sahibi olduklarin belirtmislerdir (Cizelge 17). Tiiketiciler mikrodalga firinda 1s1
enerjisi  Uretilmesinin  molekiillerin  ¢arpismasi yoluyla su molekillerini
titrestirilmesiyle hiicreler igine ve arasindaki sivi molekillerin mikrodalgalarla
titresimleri artirilarak oldugu seklinde cevaplamiglardir.

Cizelge 17. Mikrodalga firinda 1s1 enerjisi nasil tretildigini bilme durumu
Table 17.The state of knowing how heat energy 1s produced in a microwave oven

F %
Evet biliyorum 24 60.0
Hayir bilmiyorum 16 40.0

Calismanin bundan sonraki kisminda deneklerin tattiklarnr mandalina kurulari ile
ilgili diisincelerine iligskin sonuclar verilmigtir. Daha 6ncesinde kurutulmus mandalina
tiketenlerin oram1 %12.5°dir (Cizelge 18). Tiiketiciler kurutulmus mandalinay1
aktarlardan (%80) temin etmektedir. Geriye kalan %40k kismi ise evinde kendi
kurutarak temin etmektedir (Cizelge 19).

Cizelge 18. Daha 6nce kurutulmus mandalina tiiketme durumu
Table 18.Condition of consuming previously dried tangerine

F %
Evet 5 12.5
Hayir 25 62.5
Cizelge 19. Tiketenlerin temin etme yeri
Table 19. Consumers sourcing place
F %
Aktar 4 80.0
Kendim 2 40.0

Tuketicilere 6 farkli sekilde kurutulmus olan mandalinalar tattirildiktan sonra
begenilerini 1 ve 5 arasinda puanlamalar: istenmis ve bununla ilgili sonuglar Cizelge
20’de verilmistir. Cizelge 20°de farkl cinsiyetteki tiiketicilerin farklh islem ve 1sidaki
kurutulmus olan mandalinadaki tat, renk, koku, goriniim ve sertliklere iliskin
puanlamasi gériilmektedir. Kadinlar kurutulmus mandalinayi erkeklere oranla daha
¢ok begenmistir. En fazla begenilen mandalina kurusu tat olarak bakildiginda 2. bolge
55 1s1da, renk olarak bakildiginda 1. Bélge 75 1s1da, koku olarak bakildiginda 2. Bolge
75 1si1da, gorinim olarak bakildiginda 1. Bolge 75 1sida, sertlik olarak
degerlendirildiginde 2. Bolge 65 1s1da olarak belirlenmistir.
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Cizelge 20. Tiketicilerin mandalina kurusuna verdikleri puanlama ortalamalar:
Table 20. The average scoring given by consumers to dried tangerine

Tat Renk Koku Gorinim Sertlik
E” é. °C Kadin Erkek Kadin Erkek Kadin Erkek Kadin Erkek Kadin Erkek
S o 55 3.16 2.93 3.41 2.5 2.20 2.25 3.33 2.69 3.00 2.81
E g 65 2.37 2.38 3.13 2.31 2.00 2.12 2.79 2.00 2.88 2.62
g:o 75 2.88 2.25 4.13 3.94 1.75 1.88 3.50 3.25 3.0 2.81
s 55 3.17 3.19 3.04 3.06 1.88 2.31 3.25 3.18 2.90 2.50
©) g 65 3.13 2.69 3.25 2.88 2.04 2.38 2.79 2.38 3.31 2.56
= 75 3.00 2.06 2.21 2.06 2.25 2.38 1.96 1.94 2.96 2.75

Tuketicilerin sonrasinda tattiklari bu turini tekrar tiiketip tiketmeyeceklerine
iligskin diisiinceleri Cizelge 21’de gorilmektedir. Cizelgede de goriuldigi gibi kadinlar
erkeklere oranla mandalina kurusunu daha ¢ok begenmistir. Cizelge 21°’de Cizelge 20’yi
destekler niteliktedir.

Genel olarak degerlendirildiginde ise %67.51 mandalina kurusunun gerek tadinm
gerekse rengini ve gériiniimiini begenmis, %32.5°lik kismi ise bu tadi begenmemisgtir.
Bu tadi begenen %67.5lik kistm (27 kisi) bu iiriinii sonrasinda da ara 6giinleri
gecistirmek amach cerez olarak sicak suda bekletip icecek olarak tiiketmek hamur
islerinde ve tathilarda tat katmak amach veya gorsel sunumda tiiketeceklerini veya
kullanacaklarim ifade etmislerdir.

Cizelge 21. Tiiketicilerin daha sonra da kuru mandalinay: tiikketme istekliligi
Table 21. Willingness of consumers to consume dry tangerine later

Kadin Erkek Toplam
F % F % F %
Evet 17 70.8 8 50.0 25 62.5
Hayir 7 29.2 8 50.0 15 37.5
Toplam 24 100.0 16 100.0 40 100.0

Tuketicilerin s6z konusu tadin begenilip begenilmemesi kapsaminda tiiketicilere
sigara kullamp kullanmadiklar: sorulmustur (Cizelge 22). Bu tadi begenmeyenlerin
%76.9u sigara kullanirken mandalina kurusunu begenenlerin %74.1’1 sigara
kullanmamaktadir (Cizelge 22).

Cizelge 22. Tiiketicilerin mandalina kurusunu begenme ve sigara kullanma durumlar:
Table 22. Consumers’ liking and smoking situations of dried tangerine

Mandalina Mandalina
kurusunu kurusunu
begenenler begenmeyenler Toplam
F % F F % F
Sigara Kullananlar 2 25.9 10 76.9 17 42.5
Sigara Kullanmayanlar 25 74.1 3 23.1 23 57.5

Toplam 27 100.0 13 100.0 40 100.0
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SONUC

Turkiye'de meyve sektériinlin tarimsal faaliyetler icerisinde kuru meyvelerin de hem
yurt i¢i hem de ihracatta ¢ok énemli bir yer tuttugu bilinmektedir. Diinya kuru meyve
pazar1 dikkate alindiginda tlkelerin pazar paylarinin olusmasinda irliniin tat ve
aromas1 kalite standartlarinin saglanabilme diizeyi ve saghk ve hijyen kurallarina
uyumun belirleyici unsurlar oldugu gbéze carpmaktadir. Uluslararasi yeni pazarlara
acilim ve mevcut pazarlarin korunmasi ve gelistirilmesi i¢in uluslararasi kuruluglar
tarafindan belirlenen saglhk gereklilikleri ve teknik diizenlemelere uyum saglanmasi
son derece 6nemli bir husustur. Genel olarak degerlendirildiginde mandalina kurusu
ankete katilan tiiketicilerin birgogu i¢in begenilmig farklh bir tat olarak ifade edilmig
olsa da %37.50’si (15 kisi) ise bu tad1 kesinlikle begenmemis. Begenmeyenlerin 6zellikle
oneri kapsaminda belirttigi kriterler ise mandalina ¢esidinin degistirilmesi ve daha az
cekirdekli mandalina tercihi yapilmasi gibi siralanmaktadir. Bu tadi kadinlarin
erkeklere oranla ve sigara kullananlarin kullanmayanlara oranla bariz bir sekilde daha
¢ok “begendigi” sonucuna ulagilmistir. Kurutulmus geleneksel uriinlerimiz disinda
givenli gida arayisinda c¢ok cesitll yeni alternatifler tiiketicilerin begenisine
sunulmaktadir. Kurutulmus trinler arasinda kurutulmus mandalina, tiretici icin
alternatif bir tirtin gibi gériinse de arastirma sonuglarina da bakilirsa risk icermektedir.
Daha uygun cesit, daha farklh formlar ile tiiketici ve pazar talepleri dogrultusunda
uUretim tapmak yararl olacaktir.

CIKAR CATISMASI

Yazarlar olarak, ¢calismanin planlanmasi, yilriitiilmesi ve makale olarak yazilmasi
konusunda herhangi bir ¢ikar ¢atismasi icerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Esra Kaplan: Makalenin planlanmasinda, calismanin anket c¢alismasi, verilerin
toplanmas1 ve degerlendirilmesi ve c¢alismanin yazimi, makalenin son seklinin
verilmesi.

Muhammed Tagova: Makalenin planlanmasinda, ¢alismanin kurutma islemi ve
degerlendirilmesi, ¢alismanin yazimi

H. Sibel Giilse Bal: Makalenin planlanmasinda, ¢alismanin anket ¢aligmasi, verilerin
toplanmasi ve degerlendirilmesi ve ¢alismanin yazimi
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OZET

Bu calisma, farkli hasat zamanlarimin (tomurcuklanma é&ncesi,
tomurcuklanma dénemi, %50 ¢igeklenme dénemi ve ¢igeklenme | ARASTIRMA MAKALESI
bitimi) Izmir kekiginin (Origanum onites L.) ugucu yag orani ve
bilesimi tizerindeki etkilerini belirlemek amaciyla yuratilmistiir. | Almis tarihic 15.09.2020
Deneme 2016 ve 2017 yillarinda, Eskisehir ilinde tesadif bloklar1 | Kabul tarihi: 01.11.2020
deneme desenine gore U¢ tekerrurli olarak kurulmustur.
Aragtirmanin iki yi1llik ortalamasima goére, en diisiik (%2.42) ve en | Anahtar Kelimeler:
yiiksek (%3.60) ugucu yag orani sirasiyla tomurcuklanma éncesi ve %
50 ¢igeklenme déneminde elde edilmistir. Ugucu yagmn birinci ana | > Izmir kekigi

bileseni olan karvakrol yillar ortalamasinda %68.64-81.32 arasinda (Origanum onites L.),
degisirken, ikinci ana bilesen olan y-terpinen ise % 6.63-11.91 |
arasinda degismistir. Ucucu yag orami ve bilegenleri dikkate
alindiginda, Eskigehir ekolojik kosullarinda Izmir kekigi
yetistiriciligi i¢in en uygun hasat zamaninin %50 ¢iceklenme dénemi
oldugu belirlenmistir. bilesenler1
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The Effect of Different Harvest Periods on Essential Oil Content and
Components of Turkish Oregano (Origanum onites L.) in Eskigehir
Ecological Conditions

ABSTRACT

This study was conducted to determine the effects of different
harvest times (prior to budding, budding period, 50% blossoming RESEARCH ARTICLE
period and end of blossoming) on the essential oil content and
components of Turkish oregano (Origanum onites L.) The | Received: 15.09.2020
experiment was carried out in Eskigehir province using | Accepted: 01.11.2020
randomized complete block design with three replications in
2016 and 2017. According to the two-year average of the study, | Keywords:
the lowest (2.42%) and the highest (3.60%) essential oil content
were obtained prior to budding and 50% blossoming period, > Turkish oregano
respectively. Carvacrol, the first main component of the
essential oil, ranged from 68.64 to 81.32% on the average of two
years, while y-terpinene, the second main component, changed
from 6.63 to 11.91%. Considering the essential oil content and
components, it was determined that the most suitable harvest | * Content and

time for Turkish oregano cultivation in Eskigehir ecological composition of
conditions is 50% blossoming period. essential oil

(Origanum onites L),
> Harvest time,

Y

Ontogenetic,
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GIRIS

Diinya’da farkh cinslere ait birgok bitki kekik olarak bilinmektedir. Bu cinslerden
biri olan Origanum’a bagh bir¢ok tiir bulunmaktadir. Labiatae/Lamiaceae familyasina
ait olan Origanum cinsi diinyada 38 tiir, 6 alt tiir ve 17 melez ile temsil edilirken,
iilkemizde ise bu cinsin 22 tiirii veya 32 taxa’s1 dogal yayilis gostermektedir (Tonger ve
ark., 2009; Bozdemir, 2019). Ulkemizde Origanum cinsine ait olan ve Izmir kekigi
olarak bilenen Origanum onitesL. (syn. Majorana onites(L.) Benth.; Lamiaceae) 6nemli
bir tibbi aromatik bitki olarak bilinmektedir. Uluslararas ticarette "Turkish oregano"
olarak bilinen bu tiir Yunanistan ve Turkiyenin 6zellikle Akdeniz sahil kusaginda
yayilis gostermektedir. O. onites tiirt Tirkiye’de “Tiirk kekigi, Bilyal kekik ve Izmir
kekigi” isimleriyle tanminmistir. Cok yillik ve yari ¢alimsi olan bitki Akdeniz sahil
kusaginda deniz seviyesinden 900 m yilkseklere kadar dogal vejetasyonda
bulunmaktadir (Ozdemir ve Ozkan, 2016; Sénmez, 2019).

Tarih boyunca Izmir kekiginden baharat olarak (gidalar1 korumak, lezzet ve aroma
katmak) yararlanmanin yani sira geleneksel tipta da basta sindirim rahatsizliklar:
olmak tizere birgok farkli hastaligin tedavisinde ilag olarak kullanilmigtir. Son yillarda
Izmir kekigi tizerinde yiriitiilmis olan bilimsel ¢alismalar bitkinin icermis oldugu
ucucu yag ve diger sekonder metabolitlerin bir¢cok biyoaktiviteye ve farmakolojik
(antibakteriyel, antispazmotik, antiseptik, antifungal, antikanser, antimutajenik,
antidiyabetik, antiviral, antienflamatuar ve antiprotozoal vb.) o6zelliklere sahip
oldugunu ortaya koymustur. Bitkinin igermis oldugu ucucu yaglarin ve diger
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fitokimyasallarin sahip oldugu bu 6zellikler nedeniyle Izmir kekiginin halen halk
hekimliginde kullanilmanin yan sira baharat ve herbal ¢ay seklinde de kendisinden
yararlanilmaya devam edilmektedir. Ayrica Izmir kekiginden elde edilen ugucu yaglar
gida, kozmetik, parfiimeri, biyopestisit ve ila¢ endiistrisinde de hammadde olarak
kullanilmaktadir (Baydar ve Erdal, 2004; Kacar ve ark., 2006; Raut ve Karuppayil,
2014; Ozdemir ve ark., 2017).

Yurt icinde ve yurt disinda yaygin bir sekilde baharat olarak kullanilan ve alinip
satilan Izmir kekigi tilkemiz i¢in ayn1 zamanda énemli bir ihrag Griiniidiir. Izmir kekigi
cok farkl fitokimyasallar icermekle birlikte bunlardan en 6nemlisi 6zellikle yaprak ve
ciceklerinde yiiksek oranlarda tagidigi ucucu yaglardir. Izmir kekiginin kalitesini ve
ticari degerini belirleyen en 6nemli kriterlerden biri ise iiretilen irtnin ugucu yag
oramidir. Diger aromatik bitkilerde oldugu gibi Izmir kekiginin icermis oldugu ugucu
yag orani da basta lretim materyalinin genotipi olmak tiizere, tiretimin yapildigi
boélgenin iklim ve toprak 6zellikleri ve agroteknik uygulamalarin etkisi altinda degisim
gbstermektedir. Yapilan arastirmalar Izmir kekiginin ucucu yag orani bakimindan
oldukeca yiiksek bir varyasyona (%0.2-8.0) sahip oldugunu gostermistir (Kacar ve ark.,
2006; Giirtunca, 2011; Sénmez, 2019).

Endiistrinin farkhh dallarinda (farmakoloji, parfiimeri, gida ve kozmetik gibi)
kullanim1 giderek yayginlasan ucgucu yaglarin kalitesi ve fiyat1 biiyiik oranda ugucu
yaglarin kimyasal kompozisyonu tarafindan belirlenmektedir (Raut ve Karuppayil,
2014; Bhardwaj ve ark., 2019). Ucucu yagin kompozisyonu iizerinde cevre faktorlerinin
ve yetigtiricilik uygulamalarinin etkisi diisiik dizeydedir. Buna karsilik tretim
materyalinin genotipik yapisinin uc¢ucu yag kompozisyonu tizerindeki etkisinin daha
dominant oldugu bilinmektedir. Fakat dusiik diizeyde de olsa ¢evre kogullarinin da
ucucu yagin kompozisyonu tuzerinde etkili oldugu yapilan arastirmalarda tespit
edilmistir (Ramezani ve ark., 2009; Reily, 2013, Katar ve ark., 2019). Izmir kekigi
tzerinde yurutilen ¢calismalarda elde edilen ugucu yag kompozisyonlar: arasinda farkl
diizeylerde varyasyonlarin oldugu belirlenmistir. Fakat ayni1 zamanda bu bitkiden elde
edilen ucucu yaglarin kimyasal kompozisyonunda karvakrol, timol, y-terpinen, p-
simen, B-mirsen, 1.8- cineol, borneol ve linalool gibi bilegenlerin hemen hemen tim
ucucu yag oérneklerinde 6n plana ciktig1 da tespit edilmistir (Baydar ve Erdal, 2004;
Yaldiz ve ark., 2005; Toncer ve ark., 2009; Aver ve Bayram, 2013; Ozdemir ve ark.,
2017).

Son yillarda farkli endistrilerin basta ugucu yaglar olmak tizere birgok
fitokimyasallara olan talebinin artmasi1 dikkatlerin aromatik bitkiler tizerinde
yogunlasmasini saglamistir. Endiistrinin bu talebine cevap verebilmek icin bir taraftan
aromatik bitkilerin tiretimi arttirilirken diger taraftan da birim alandan en ylksek
verime ve kaliteye sahip lretimin yapilabilmesi i¢cin calismalar yogunlasmaktadir
(Katar ve ark., 2017a). Bu asamada iiretimi yapilan bitkilerin en yiiksek oranda ucucu
yaga ve en uygun ucgucu yag kompozisyonuna sahip oldugu gelisme dénemlerinin
belirlenip hasatlarin bu doénemlerde yapilmasi biiylilk 6neme sahiptir. Aromatik
bitkilerden en uygun kompozisyonda ve en yiiksek oranda ugucu yag iceren droglar elde
etmek i¢in en uygun hasat zamanlar iiretimin yapildig1 bélgenin iklim kogullarina
baglh olarak farkhihk gostermektedir (Katar ve ark., 2017b). Bu nedenle her bitki icin
en uygun hasat zamanlari tretim boélgelerinde yapilacak olan calismalarla
belirlenmesine ihtiya¢ bulunmaktadir. Ulkemizin degisik bélgelerinde Izmir kekiginin
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en uygun hasat zamanini belirlemek amaciyla gesitli bilimsel ¢aligmalar yapilmigtir
(Yaldiz ve ark., 2005; Toncer ve ark., 2009; Sénmez, 2019).

Iki yil siireyle yuriitiilen bu arastirmanmin amac: Eskisehir ekolojik kosullarinda
bitkinin farklh gelisim donemlerinde gergeklestirilmis olan hasatlarin elde edilen
urinin ugucu yag orani ve kompozisyonu tizerindeki etkisini belirlemektir.

MATERYAL ve YONTEM

Aragtirmada bitki materyali olarak Ege Tarimsal Arastirma Enstitasi
Midirligi'nden temin edilen Izmir kekigi (Origanum onitesL.) bitkisinin “Oguz-2012”
cesidinin tohumlarindan yetistirilen fideler kullanilmigtir. “Oguz-2012” kekik ¢esidinin
ortalama %4 ugucu yag orani ve %70 karvakrol orani ihtiva ettigi rapor edilmigstir
(Anonim, 2018). Calismanin yiiriitildiigii Eskisehir ilinin uzun yillar ile 2016 ve 2017
yillarina ait iklim verileri Cizelge 1’de verilmistir. Calismanin yuratildigu yillar olan
2016 ve 2017 yillarinda alinan yilhik yagis miktar: degerleri (sirasiyla 362.5 mm ve
374.4 mm) uzun yillarin ortalama degerine kiyasla (338.8 mm) daha yiiksektir.
Denemenin yiiriitiildiigii yillardan 2016 yilinda ortalama sicaklik degeri (11.8°C) 2017
y1l1 ortalama sicaklik degerine (11.3°C) gore biraz daha yiiksek 6lciilmiistiir (Cizelge 1).

Cizelge 1. Deneme alanina ait baz iklim verileri
Table 1. Some climatic data of the experimental area

Iklim Faktorleri* Toplam Yagg (mm) Ortalama Sicaklik (°C)

Uzun Uzun
Yillar 2016 2017 (1111911;(; 2016 2017 (1;19”;0’_
2011) 2011

Ocak 81.4 33.00 30.6 0.0 -2.00 -0.2

Subat 32.8 9.20 26.1 6.6 1.90 0.9

Mart 40.6 16.20 27.6 7.5 7.60 4.9

Nisan 28.4 62.00 43.1 12.9 9.60 9.6

Mayis 43.8 50.80 40.0 14.1 14.40 14.9

Aylar Haziran 7.0 44.80 23.7 21.0 19.10 19.1

Temmuz 12.0 13.40 13.1 22.8 23.10 22.1

Agustos 26.4 31.40 9.2 22.8 22.00 21.8

Eyliil 31.1 3.00 18.1 17.8 19.60 16.7

Ekim 8.0 46.60 32.8 12.4 10.80 11.7

Kasim 27.8 27.80 34.0 5.3 5.50 5.6

Aralik 23.2 36.20 40.5 -1.1 3.90 1.7
Toplam/Ortalama 362.5 374.40 338.8 11.80 11.29 10.7

*Veriler Eskisehir Meteoroloji 3. Bolge Miidiirliigii'nden temin edilmistir.

Calisma alaninin toprak oOzelliklerini belirlemek amaciyla alinan toprak
orneklerinde gerekli analizler yapilmig ve analiz sonuglar1 Cizelge 2’de verilmistir.
Deneme alani toprag: killi-tinli biinyeli olup, organik madde bakimindan yetersiz, hafif
alkali, orta kiregli, hafif tuzlu karakterde olmakla birlikte ¢cok az diizeyde fosfor ve
yeterli diizeyde potasyum icermektedir (Sonmez, 2003).
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Cizelge 2. Deneme alani topraginin baz fiziksel ve kimyasal 6zellikleri
Table 2. Some physical and chemical characteristics of soil in experiment area

Yarayish Yarayish .
Biinye Kireg (%) ( dgl:rf-l) Fosfor (P205)  Potasyum (K:0)  pH ?\Zi?iﬁlek
(kg da’D) (kg dal)
Killi Tinh (2016)* 6.34 0.14 2.00 253.0 8.06 2.08
Killi Tinh (2017)* 6.15 0.18 3.5 249.0 7.75 2.14

*Gegit Kusagi Tarimsal Arastirma Enstitiisii Toprak-Bitki-Su analiz ve Fizyoloji laboratuvarlarinda yapilmistir.

Tarla ¢alismalar: 2016 ve 2017 yilinda ESOGU Ziraat Fakiiltesi deneme arazisinde
yurtutulmistir. Deneme, tesadif bloklar1 deneme desenine gore ti¢ tekerriirli olarak
2015 yilinda kurulmustur. Denemede her bir parselde 4 sira bitki bulunmakta olup,
parsel boyutlar1 4 m x 1.6 m = 6.4 m?dir. Calismada dort farkl ontogenetik (tomurcuk
6ncesi donem/ 05.06.2016 ve 03.06.2017, tomurcuk donemi /20.06.2016 ve 24.06.2017,
%50 cicek donemi/10.07.2016 ve 13.07.2017 ve ciceklenme bitimi/23.07.2016 ve
26.07.2017) variabilite kullanilmigtir. Calismada kullanilan bitkiler iki ve {i¢ yasindaki
plantasyona ait olup plantasyonun kurulusu 03.05.2015 tarihinde yapilmistir.
Plantasyonun olusturulmasi igin ihtiya¢ duyulan fideleri yetistirmek i¢in 08.03.2015
tarthinde serada hazirlanmis olan ve igerisine kum, orman toprag: ve torf karigimi
(1:1:1) ile doldurulmus kasalara tohumlar ekilmistir. Fideler 10-15 cm boya ulastiktan
sonra deneme tarlasinda hazirlanmig olan parsellere 03.05.2015 tarihinde sira arasi 40
cm ve sira lizeri 20 cm olacak sekilde sasirtmas: yapilmistir (Aver and Bayram, 2013).
Parsellere fide dikiminden 6nce 10 kg N dat® ve 5 P20s kg dat! giibre uygulamasi
yapilmigtir. Ayni dozda azotlu giibre 2016 ve 2017 yillarinda da ilkbaharda bitkiler
uyanirken uygulanmistir. Parsellerde yabanci otlarin gelisim durumu dikkate alinarak
ihtiya¢ duyulduk¢a yabanci ot miicadelesi el capasiyla yapilmistir. Plantasyon
damlama sulama yontemiyle sulanmigtir. Arastirmada her parselin ilk ve son siralar
ile siralarin her iki ucundan 0.5 m kenar tesiri olarak degerlendirme dis1 birakildiktan
sonra yukarida belirtilen tarihlerde makasla toprak ylzeyinden 4-5 cm yiikseklikten
bicilerek hasat edilmigtir. Farkli dénemlerde bicimi yapilan parsellerden elde edilen
taze herbalarin yapraklar1 ayrilarak 35-38°C sicakliktaki etiivde sabit agirhiga
ulagincaya kadar (48 saat) kurutulmustur. Kurutulmus yapraklardan alinan
orneklerin ugucu yag oranlari Clevenger cihazi ile belirlenmis belirlenmistir. Ugucu
yaglarin distilasyonu i¢in ayiklanmig ve kurutulmus 100 g yaprak érnekleri 2000 mI'lik
balonlara yerlestirildikten sonra 1000 ml saf su eklenerek 3 saat boyunca distilasyon
islemi gergeklestirilmigtir. Distilasyon iglemi tamamlandiktan sonra clevenger
aparatinin dereceli kismindan yag miktar: okunmus ve yiizde (%) olarak belirlenmistir.
Clevenger cihazindan alinan ugucu yaglar bilegsenlere bakilacagi zamana kadar 3-4°C
sicakliktaki buzdolabinda saklanmistir.

Ucucu yaglarin bilesenleri calisma kosullar: asagida verilen GC/MS cihaziyla Bat:
Akdeniz Tarimsal Aragtirma Enstitiisi Mudurligi/Tibbi Aragtirmalar Merkezi
Laboratuvarmda belirlenmistir. Ornekler analiz edilmek tizere 1:100 oraninda hekzan
ile seyreltilmigtir. Orneklerin ugucu yag bilegen analizi GC/GC-MS (Gaz kromatografisi
(Agilent 7890A)-kiitle detektér (Agilent 5975C)) cihaz1 ile kapiler kolon (HP
InnowaxCapillary; 60.0 m x 0.25 mm x 0.25 pm) kullanilarak gerceklestirilmistir.
Analizde tasiyica gaz olarak 0,8 ml min? akis hizinda helyum kullanilmis, 6rnekler
cihaza 1 pl olarak 40:1 split orani ile enjekte edilmistir. Enjektor sicakligr 250°C’de
tutulmus, kolon sicaklik programi 60°C (10 dakika), 60°C’den 250°C’ye 20 dakika ve
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250°C (10.5 dakika) olacak sekilde ayarlanmistir. Bu sicaklik programi dogrultusunda
toplam analiz siiresi 30 dakika olmustur. Kiitle detektdri icin tarama araligi (m z1) 35-
450 atomik kiitle tinitesi ve elektron bombardimani iyonizasyonu 70 eV kullanilmistir.
Ucucu yagin bilesenlerinin teshisinde ise WILEY ve OIL ADAMS kiutuphanelerinin
verileri esas alinmistir. Sonuclarin bilesen yuzdeleri FID dedektor kullanilarak,
bilesenlerin teshisi ise MS dedektor kullanilarak yapilmastir.

Ucucu yag oranlarina ait veriler TARIST istatistik paket programi kullanilarak,
tesaduf bloklar1 deneme desenine gore varyans analizine tabi tutularak 6nemlilik
diizeyleri belirlenmistir. Onemli ¢ikan uygulamalar arasindaki farkliliklar Tukey
testine gére gruplandirilmistir (Agikgéz ve ark., 1993).

BULGULAR ve TARTISMA

Tibbi aromatik bitkilerin en 6nemli sekonder metabolitlerden biri olan ugucu
yaglarin verimi/orani ve kompozisyonu lizerinde bir¢ok faktériin etkisi bulunmaktadir.
Bu faktorlerden genetik kaynakli olanlar tiretim materyalinin genotipik yapisini
olusturan genler olup, bitkinin liretecegi ugucu yagin orani ve kompozisyonunun
belirlenmesinde 6nemli diizeyde rol oynamaktadir (Khorasaninejad ve ark., 2010; Katar
ve ark., 2019). Bitkinin tasimis oldugu genlerin faaliyetleri sonucunda bitkinin
biyokimyasal faaliyetleri kontrol edilmekte olup, bunun sonucu da buyiime, gelisme,
etkili madde orani ve kompozisyonu belirlenmektedir. Bir diger etkili faktor ise gevre
kosullar: olup, bitkinin icerisinde bulundugu ¢evrenin ekolojik kosullaridir (Ramezani
ve ark., 2009; Adinee ve ark., 2009; Sabuncu ve ark., 2019). Bu kosullar da bitkinin
icerisinde genlerin kontrolinde yiritilmekte olan biyokimyasal faaliyetleri
etkileyerek bitkinin biiylimesi, gelisimi ve iiriin kalitesi lizerinde etkili olmaktadir
(Yazdani ve ark., 2002; Khorasaninejad ve ark., 2010). Ayrica bitkinin gelisim
evrelerine bagli olarak genlerin ve ¢evre kosullarinin etkisi altinda degisen sekillerde
gerceklesen biyokimyasal faaliyetler de bitkinin farkli gelisim devrelerinde farkli
oranlarda etkili maddeye ve kompozisyona sahip olmasi tizerinde etkili olmaktadir
(Bengtsson, 2011; Bhardwaj ve ark., 2019). Bu nedenle tibbi aromatik bitkilerde hem
en yuksek oranda etkili madde iceren ve hem de en uygun kompozisyona sahip oldugu
doénemin tespit edilerek hasadin o donemde yapilmasi elde edilecek olan tirtiniin kalitesi
acisindan biiyiik 6neme sahiptir.

2016 ve 2017 yillarinda Eskigehir ekolojik kosullarinda Izmir kekiginde yiirttiilen
calismada ontogenetik varyasyonun iki yilin ortalamasi olarak ucucu yag orani
izerinde énemli (P<0.01) diizeyde etkili oldugu ve en yiiksek ugucu yag oraninin
(%3.60) % 50 ciceklenme déneminde yapilan hasattan elde edildigi belirlenmistir. En
diisiik ugucu yag orani ise ¢igek tomurcugu olusum dénemiyle ayni grupta yer alan gicek
tomurcugu olusumu éncesinde (%2.42) yapilan hasattan elde edilmistir. Ciceklenme
bitiminde yapilan hasattan ise %3.05 oraninda ucucu yag tespit edilmigtir. Cicek
tomurcugu oncesinden baslayarak artan ucucu yag orani %50 ciceklenme déneminde
maksimum diizeye ulasmig ve ciceklenme bitiminde yapilan hasatta ise tekrar bir
dislisiin meydana geldigi belirlenmistir. Yillarin ise ugucu yag orani tizerinde énemli
diizeyde etkili olmadig1 gorilmustir. Farkll gelisim dénemlerinde yapilan hasadin
ortalamasi olarak 2016 yilinda ugucu yag orani %3.13 olarak tespit edilirken, bu oran
2017 yilinda %2.78 olarak belirlenmigtir. Eskigehir ekolojik kogullarinda ise iki yilin
ortalamas: olarak Izmir kekiginde ugucu yag oraninin %2.96 oldugu tespit edilmistir
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(Cizelge 3). Izmir kekiginde kalite standard: olarak belirlenmis olan ucucu yag orani
%2.0-4.5 olup, calismamizdan elde edilen tGriinlerin bu kriterlere de sahip oldugu tespit
edilmistir (Yaldiz ve ark., 2005).

Gelisim donemlerine bagh olarak ugucu yag oraninda meydana gelen degisim %50
cicek donemine kadar azalan yagis ve artan sicaklik miktarlari ile birlikte bitkilerin
farkh gelisim dénemlerindeki biyosentezlerinin degisimiyle aciklanabilir (Bengtsson,
2011). Bilindigi gibi tibbi aromatik bitkilerdeki ucucu yaglar, ekolojik kosullarda
yasanan stres kosullarinin (yagis, sicaklik, kuraklik vb.) biyosentez iizerinde
olusturdugu etki sonucunda énemli diizeyde degisime ugramaktadir (Bengtsson, 2011;
Bhardwaj ve ark., 2019). Bitkiler 6zellikle karsilastiklar1 kuraklik stresine ise bir
savunma uriind olarak tretmis olduklar: ugucu yag oranlarinda artisa giderek cevap
vermektedir (Mammadov, 2014). Yillara bagh olarak {iriiniin ugucu yag oraninda
onemli diizeyde olmasa da meydana gelen degisim ise 6zellikle hasatlarin yapildig:
aylardaki toplam yagislarda ve sicaklik ortalamalarinda tespit edilen farklhiliklarla
aciklanabilir.

Yaldiz ve ark. (2005) Cukurova kosullarinda Izmir kekiginin en yiiksek ucucu yag
oranini (%1.92) ciceklenme sonrasinda (tohum olusumu baslangicinda) yapilan hasatta
belirlemiglerdir. Bununla birlikte, Izmir kekiginde ugucu yag oranimi Ozdemir ve ark.
(2017) %1.04-1.96 arasinda, Sénmez (2019) ise Izmir kosullarinda %3.47-4.49 arasinda
tespit etmislerdir. Calismalarda farkli oranda ucucu yag orami elde edilmesi;
c¢alismalarin yuratildagi bolgelerin ekolojik farkliliklariyla, calismalardaki uygulama
farkhiliklaryla ve ¢alismada kullanilan materyallerin genotipik farkliliklariyla
aciklanabilir.

Cizelge 3. Farkli hasat dénemlerinin Izmir kekiginin (Origanum onites L.) ugucu yag
oranina etkisi

Table 3. The effect of different harvest periods on the essential oil content of Turkish
oregano (Origanum onites L.)

b 0,
Hasat Donemleri Ugucu Yag Oram (%)

2016 2017 Ortalama
Tomurcuk oncesi déonem 2.60 2.23 2.42 ¢
Tomurcuk donemi 3.00 2.53 2.77 be
%50 ¢igek donemi 3.70 3.50 3.60 a
Cigeklenme bitimi 3.23 2.87 3.05b
Ortalama 3.13 2.78 2.96
F degeri (y11) 15.89204
F degeri (uygulama) 30.095%*
F degeri (y1l x uygulama) 0.3688d
VK (%) 17.32

*p<0.05; **p<0.01; ¢4 6nemli degil.

Ucucu yag 6rneklerinde yapilan komposizyon analizinde yagin %99.3-100ne karsilik
gelen 18-20 farkli bilesenin bulundugu tespit edilmigtir. Calismadaki ugucu yag
orneklerinde ana bilesen olarak oksijenli bir monoterpen olan (Khalid, 2016; Moukhles
ve ark., 2020) karvakrol (% 68.64-81.32) 6n plana ¢citkmistir. Karvakrolu ise monoterpen
hidrokarbon yapisindaki (Khalid, 2016) y-terpinen (%5.75-11.91) ve aym sekilde
monoterpen hidrokarbon yapisindaki (Hendel ve ark., 2019) p-cymen (%3.96-5.94) takip
etmigtir. Bu l¢ ana bilesen toplam ugucu yagin %83.76-99.171lik kismini temsil
etmektedir. En yiiksek karvakrol orani (%81.32) cicek tomurcugu déneminde yapilan
hasattan elde edilirken, en diisiik deger (%68.64) ise ciceklenme bitimi déneminde
yapilan hasattan elde edilmistir. Timol orani hasat donemlerine bagli olarak ise %0.13-
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0.28 arasinda degisim gostermistir. Bu durum degisen hasat zamanlarina baglh olarak
ucgucu yagin icerisindeki timol oraninin biiylik oranda varyasyon gosterdigini ortaya
koymustur (Cizelge 4).

Ucucu yag oOrneklerine y-terpinen oranlari da degisen hasat zamanlarina bagh
olarak farklihik gostermigtir. En ylksek y-terpinen orani %11.91 ile c¢iceklenme
bitiminde yapilan hasattan elde edilirken, en diisiik y-terpinen orani %5.75 ise cicek
tomurcuklarinin olusum déneminde yapilan hasattan elde edilmistir. Ugucu yagin bir
diger ana bilegeni olan p-cymen (%3.96-5.94) orami iizerinde de hasat zamaninin
degisimi etkili olmus olup, en yiiksek oran (%5.94) ciceklenme bitimindeki hasattan
elde edilen 6rneklerde belirlenirken, en diisiik oran ise (%3.96) cicek tomurcuklarimin
olusum déneminde belirlenmistir (Cizelge 4).

Cizelge 4. Farkh hasat dénemlerinin Izmir kekiginin (Origanum onites L.) ucucu yag
bilesenleri iizerine etkisi (2016 ve 2017 ortalama).

Table 4. The effect of difterent harvest periods on essential oil components of Turkish
oregano (Origanum onites L..) (2016 and 2017 average).

. Tomurcuk Tomurcuk %50 Cicek Ciceklenme
Literem bl Oncesi Dénem Dénemi Dénemi Bitimi
aPinene 0.31 0.34 0.62 0.86
a'Thujene 1.22 1.17 1.55 1.46
Camphene - - 0.29 0.38
Myrcene 1.73 1.61 2.09 2.23
aPhellandrene 0.20 0.21 0.26 0.30
a'Terpinene 1.33 1.28 1.88 2.38
Limonene 0.18 0.19 0.27 0.31
G Phellandrene 0.19 - 0.22 0.26
yTerpinene 6.63 5.75 9.74 11.91
p~Cymene 4.21 3.96 4.26 5.94
1-octen-3-ol 0.19 0.44 - 0.17
Trans-sabinene hydrate 0.34 0.29 0.42 0.45
Cissabinene hydrate - 0.17 0.19 0.20
Linalyl acetate - - - 0.21
Terpinen-4-ol 0.80 1.06 0.78 0.96
G-Caryophyllene 1.52 0.63 0.94 0.98
Borneol 0.23 0.25 1.05 1.16
B-Bisabolene 0.37 0.51 0.40 0.80
Caryophyllene oxide 0.25 - 0.32 -
Cismnerolidol - 0.16 - 0.17
Spathulenol 0.22 - 0.20 -
Thymol 0.21 0.28 0.13 0.23
Carvacrol 79.17 81.32 74.23 68.64
Tanimlanamayan 0.70 0.38 0.16 -
Toplam 99.30 99.62 99.84 100.00

Ucucu yag orneklerinin kompozisyonlarina ait bilegsenlerin say1 ve oranlarinin
topluca degerlendirilmesi, degisen hasat zamanlarinin hem ucgucu yagin icerisindeki
bilesen sayisinda ve hem de bu bilesenlerin oranlari tzerinde etkili oldugunu
gostermisgtir. Ugucu yagin kompozisyonunda meydana gelen bu degisim hasat
zamanlarina bagl olarak degisen bitki gelisim donemleri ve hasat anindaki iklim (yagis
ve sicaklik vb.) farkliliklariyla aciklanabilir. Ciinkii bitkinin hasat aninda igerisinde
bulundugu gelisim dénemleri sekonder metabolitlerin orani ve kompozisyonu tizerinde
etkili olmaktadir. Aym sekilde degisen hasat tarihlerine bagh olarak meydana gelen
mevsimsel degisimler de ugucu yagin orani ve kompozisyonu tizerinde etkili olmaktadar.
Ik hasatla son hasat arasinda yaklagik 1.5 ayhik zaman farkinda meydana gelen iklim
degisimleri ugucu yag kompozisyonun lizerinde etkili olmustur. Ayni sekilde ilk hasatta
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bitkiler daha generatif doneme gegmemisken son hasatta ¢iceklenme agamasinin bitmig
olmasi hasat siiresince bitkinin farklh gelisim donemlerine bagl olarak yapmis oldugu
metabolit sentezinin de farklilagtigini géstermektedir.

Izmir kekiginde en yiiksek karvakrol oranim Yaldiz ve ark. (2005) ile Tonger ve ark.
(2009) sirasiyla %73.65 ve %41.34 olarak tam ciceklenme déneminde yapilan hasatta
belirlemislerdir. Bununla birlikte, calismada elde edilen ucucu yag o6rneklerinde
karvakrol ana bilesen (%68.64-81.32) olarak tespit edilmig olup, bu agidan Ozdemir ve
ark. (2017)mn (karvakrol %47.98), Yaldiz ve ark. (2005)'nin (karvakrol %47.41-73.65)
ve Toncer ve ark. (2009)nmin (karvakrol %24.66-52.58) calismalar1 ile genel anlamda
paralellik arz etmektedir.

SONUC

Iki yil siireyle Eskigehir ekolojik kosullarinda yiiriitiilen bu ¢calismanin sonuclar:
degerlendirildiginde bu bélgede Origanum onitesten ugucu yag orani ylksek kuru
yaprak elde etmek igin en uygun hasat zamaninin %50 ¢iceklenme donemi oldugu
gorilmustir. Ucucu yagin ana bilegsenleri tizerinde farklh hasat zamanlar: az da olsa
degisime neden olmustur. Ugucu yag érneklerinde en yliksek oranda yer alan karvakrol
degeri incelendiginde tomurcuk 6ncesi dénemden tomurcuk dénemine kadar bir artig
gosterdigl ve daha sonra distise gecerek en diisiik degerin ciceklenme bitiminde elde
edildigi belirlenmigtir. Bu durum dikkate alindiginda en yiiksek ugucu yag oraninin
elde edildigi %50 ciceklenme déneminin karvakrol orani (%74.23) acisindan da uygun
oldugu tespit edilmistir. Sonug olarak, Eskigehir kosullarinda Izmir kekigi yetistiriciligi
icin en uygun hasat zamani olarak %50 ciceklenme dénemi belirlenmigtir.

CIKAR CATISMASI

Yazarlar olarak herhangi bir ¢ikar ¢catigmasi olmadigini beyan ederiz.

YAZAR KATKISI

Yazarlar olarak makaleye asagidaki katkilarin sunuldugunu beyan ederiz.

Nimet Katar: Arazi calismasinin planlanmasi ve yuritilmesinde, droglardan
ucucu yagin elde edilmesinde, istatistik analizinin yapilmasinda, makalenin
yaziminda.

Duran Katar: Arazi calismasinin planlanmasi1 ve ylritilmesinde, istatistik
analizinin yapilmasinda, makalenin yaziminda, makalenin tashihi ve son
seklinin verilmesinde.
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OZET

Verimlilik sadece tohum ile degil topraginda verimliligi ile

gerceklegebilir. Bunun i¢in topragin verimine etki eden olumsuz
faktorler toprak analizi ile belirlenip uygun gubreler kullanilarak ARASTIRMA MAKALEST
giderilebilir. Bu durumda kimyasal gubre kullanim bilinci ve
zararlarinin  bilinmesi ¢ok 6nemlidir. Buradan yola c¢ikilarak | Almg tarihi: 25.09.2020
ureticilerin kimyasal giibre kullanim aligkanliklarinin incelenmesi | Kabul tarihi: 17.11.2020
bu arastirmanin temel amacini olusturmaktadir. Ureticilerin bilingli
gliibre kullanip kullanmadiklar: belirlemek, fazla kimyasal giibre
kullaniminin topraga zararli olup olmadigini treticilerin bilip Anahtar Kelimeler:
bilmedigini ortaya koymak ve bu bilgiyi etkileyebilecek sosyo-
demografik 6zellikleri binary logit analizi ile test etmek arastirmanin
hedefleri i¢cindedir. Oransal érnekleme yontemi ile belirlenen 145
ureticiye anket uygulanmigtir. Arastirma kapsaminda gorisiilen

Ciftci,
Kimyasal Giibre,

YV V V V V

treticilerin yas ortalamasi 52 ve %59.31'u ortaokul mezunudur. G.ii?oreleme,
Ureticilerin kimyasal giibre tecriibesi 23.8 yildir. Ureticilerin Biling,
%86.21'1 kimyasal giibreyi verimi artirdigi i¢in tercih etmektedir. Zarar

Ureticilerin yarisindan fazlas: (%62.76) giibre miktarimin siirekli
artmasi1 halinde bu durumun verimi artirmayacagi goriisiindedir.
Binary logit analiz sonucunda; Ttreticilerin sosyo-demografik
ozelliklerinin istatistiki olarak etkili olmayip, tireticinin kimyasal
giibrenin topraga verdigi zararlar1 (tuzlulasma, agir metal riski,
besin maddesi dengesizligi gibi) bilmesi (farkindalikla) ile iligkili
oldugu ortaya koymustur.

Almt1 i¢in* Yiizbasioglu R (.2020).. Ureticilerin Kimyasal Giibre Kullamim Biling Diizeylerinin
Incelenmesi: Tokat Merkez Ilge Ornegi Turkish Journal of Agricultural Engineering Research
(TURKAGER), 1(2): 452-465. https-//doi.org/10.46592/turkager.2020.v01i02.018
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Investigation of Producers 'Chemical Fertilizer Usage Awareness Levels:
Tokat Center District Case

ABSTRACT

Productivity can be achieved not only by seed but also by soil
fertility. For this, negative factors affecting the fertility of the
soil can be determined by soil analysis and removed by using RESEARCH ARTICLE
appropriate fertilizers. In this case, it is very important to know
the use of chemical fertilizers and their damages. Based on this, Received: 25.09.2020
the main purpose of this research is to examine the chemical | ‘Accepted: 17.11.2020
fertilizer usage habits of the producers. Determining whether
the producers use fertilizers consciously, revealing whether the
producers know whether excessive use of chemical fertilizers is | Keywords:
harmful to the soil and testing the socio-demographic

characteristics that may affect this information with binary logit » Farmer,

analysis are among the objectives of the study. A questionnaire > Chemical,

was applied to 145 producers determined by proportional > Fertilizertion,

sampling method. The average age of the producers interviewed >  TFertilization

within the scope of the survey study is 52 and 59.31% are . ’

secondary school graduates. The chemical fertilizer experience > I(—)Ionscmusness,
> arm

of the producers is 23.8 years. 86.21% of the producers prefer
chemical fertilizer as it increases the yield. More than half of the
producers (62.76%) are of the opinion that if the amount of
fertilizer increases continuously, this will not increase the yield.
As a result of binary logit analysis; It was revealed that the socio-
demographic characteristics of the producers were not
statistically effective, but were related (with awareness) to the
producers' knowledge of the damages (salinization, heavy metal
risk, nutrient imbalance) that chemical fertilizers cause to the
soil.

To cite: Yuzbasioglu R (2020). Investigation of Producers Chemical Fertilizer Usage
Awareness Levels: Tokat Center District Case. Turkish Journal of Agricultural Engineering
Research (TURKAGER), 1(2): 452-465. https-//doi.org/10.46592/turkager.2020.v01i02.018

GIRIS

Topragin verimliligini ya da iretkenligini korumak ig¢in ihtiyaci olan elementleri
disaridan takviye yapilabilir. Bu takviyeler giibre, ila¢ gibi miidahaleler gseklinde olur.
Topragin ihtiyacimi belirlemek i¢in toprak analizi yapilmalidir. Analiz sonucu eksik
olanlar topraga verilmelidir. Bu baglamda kimyasal ve organik giibreler kullanilmasi
tercih ediliyor. Yani iiretim sadece tohumun verimliligi ile degil topraginda iyi olmasi
ile alakahdir.

FAO (2017) verilerine gére diinyada toplam 192.224.457,06 bin ton ziraat amach
giibre iiretilmektedir. Bunun %26.13'nii ABD (50.227.671,05 ton), %12.23'nii AB
(23.500.616,33 ton) iiretirken Tiirkiye 2.644.333,00 tonla %1.38ni iiretmektedir.
Kimyasal giibre liretimi yapan diinyada toplamda 37 iilke var ve 22.258.537,25 ton
uretim yapilmaktadir. Kimyasal giibre tiretiminde en fazla turetim yapan ilk uc tilke
sirasiyla ABD (6.812,666 ton), Hindistan (4.229,800 ton) ve Endonezya’dir (2.597,586
ton). FAO verilerine gére Tiirkiye giibre iiretiminde diinya iiretiminde cok kiiciik pay
alirken kimyasal gilibre tretiminde yeri olmadigi anlasilmaktadir. Kimyasal gilibre
uretiminde diinya da yeri olmayan Tirkiye tarimda kimyasal glibre kullaniminda 6n
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plandadir. TUIK (2018) verilerine goére 10.567,457 ton kimyasal giibre
kullanmilmaktadir. Kullanilan kimyasal glibrenin %68.82’si azotlu gilibre, %28.99u
fosforlu giibre ve %2.19’u potasyumlu giibredir.

Aragtirma ile ilgili literatiir incelendiginde; Ureticilerin kimyasal gibre kullanimi
(Eraslan ve ark., 2009; Yilmaz ve ark., 2009; Gizaki ve ark., 2015; Sahin, 2016; Togah
ve ark., 2016), {ireticilerin toprak analizi sonucuna goére giibre kullanimi (Altintas ve
Altintas, 2012; Giildal ve Ozcelik, 2017) ve cevre iligkisi (Kizilaslan ve Kizilaslan, 2005;
Yilmaz 2005; Atilgan ve ark., 2007; Sonmez ve ark., 2008; Boyac1 ve ark., 2011; Savci,
2012; Ozalp ve Giildal, 2017) tizerine oldugu gozlenmistir. Arastirma bolgesinde de
kimyasal giibre tedarik kanallar1 ve kullanimi (Oruc¢ ve Giirler, 1995; Sipahi ve
Kizilaslan, 2003) ya da giibre kullanimi tizerine (Gozener ve ark., 2016) calismalara
rastlamak mumkindir. Yani kimyasal gibre kullanimi ve kimyasal gilibre
kullaniminin topraga verdigi zarari bilme durumu ve bu bilgiyi etkileyen sosyo-
demografik yapiy1 inceleyen arastirmaya rastlanmamasi arastirmanin 6nemini ortaya
koydugu soéylenebilir.

Arastirmanin temel amaci Turkiye’de tarim agisindan énemli bir yere sahip olan
Tokat ilindeki tireticilerin kimyasal giibre kullanimimi incelenmektir. Ureticilerin
bilingli olarak mi1 kimyasal giibre kullandiklar:1 yoksa verim i¢in bilingsiz ve topragi
yoracak sekilde mi kimyasal giibre kullandiklar: bu arastirma ile ortaya konulmasi
hedeflenmistir. Ayrica kimyasal giibrenin topraga zararh olup olmadigini treticilerin
bilip bilmedigini ortaya koymak ve bu bilgiyi etkileyebilecek sosyo-demografik
ozellikleri binary logit analizi ile test etmek bu arastirmanin diger hedefleri igindedir.
Bu arastirma ile tireticilerin kimyasal giibre kullanim1 ve bilgisi ortaya konarak ilgili
kurum ve kurulusglara gerekli politika gelistirmeleri i¢in 151k tutmasi hedeflenmigtir.

MATERYAL ve YONTEM
Materyal

Arastirmanin ana materyalini 2019 Haziran ayinda treticilere uygulanan anket
sonucglar1 olusturmaktadir. Arastirmanin ikincil materyali ise, bu konuda yapilmig
calismalar (tez, inceleme, derleme vb.) ve konuyla ilgili raporlardir.

Verilerin toplanmas1 agamasinda izlenen yontem
Ana kitleyl en iyi diizeyde temsil edecek 6rnek sayisinin belirlenmesinde oransal
yaklagimdan yararlanilmistir (Newbold, 1995).

_ Np(zl— p) (1)
(N-Do, +pl-p)

n= érnek biyiikligi (145), N= popiilasyon biiyiikligi (61156), p= tahmin oram (0.5

maksimum o6rnek biiyiikliigii icin), 0,= oran varyansl (maksimum é&érnek hacmine

ulasmak icin %99 giiven diizeyi cizelge degeri 2.58 ve %10 hata pay ile).

Ana kitleyl olugturan ureticilerin 6zellikleri baglangigta bilinmedigi igin, 6rnek
hacmini maksimum kilacak gekilde p=0.5 olarak alinmig ve 6rnek hacmi 145 iretici
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olarak bulunmus (Sahin ve Miran, 2007; Cankurt ve ark., 2009; Engindeniz, 2010;
Tiimer ve Birinci, 2013; Kiziloglu, 2017) ve érnege alinan iireticiler tesadiifi olarak
belirlenmigtir.

Verilerin analizi agamasinda izlenen yontem

Arastirmada ureticilerin kimyasal glibrelerin topraga yaptigi zarari bilmesini etkileyen
faktorleri binary logit analizi yardimi ile belirlenmesi amaglanmistir. Modelin bagiml
degiskeni olan kimyasal glibrelerin topraga yaptig1 zararin bilincinde olan tireticiler ve
olmayan treticilerdir.

Lojistik fonksiyon (LOGIT) genel fonksiyonel formiilii (Gujarati, 1992);

_ eXp(ﬁxi +‘9i)
Fi('gxi)_lJrexp(,HXi +&) @

F (8X:) = Index fonksiyonunu (I nci iireticiler icin gézlenen kimyasal giibrelerin topraga
yaptig1 zarar1 bilme durumu, bilmeyenler icin j=0; bilenler i¢in j=1)

B= Agiklayic1 degiskenlerin katsay1 vektorini

Xi= Ureticilerin karakterlerini temsil eden agiklayici degiskenleri

ei= Hata terimini géstermektedir.

Lojistik modelde yer alan bazi degiskenler, kategoriler arasi1 farkliliklar: olasilik
oranlar1 olarak elde edilebilmek tizere kategorik degiskene c¢evrilmigtir. Bagimh
degisken ile iligkilendirilmesi yani aciklamasi daha kolay ya da anlasilir olmas1 i¢in
aciklayic1 degigkenler kukla degisken halinde modele alinmig ve tahmin edilen olasilik
degerleri O ile 1 olarak kodlanmistar.

Modele aciklayici degisken olarak; iireticilerin yasi (siirekli degisken), egitim
durumu (Okuryazar 0 ile, ilkokul mezunu olanlar 1, Ortaokul mezunu olanlar 2, Lise
mezunu olanlar 3, On lisans mezunu olanlar 4 ve Universite mezunu olanlar 5 olarak
kodlanmistir), iireticilerin tahmini ayhk gelirleri (siirekli degisken), ireticilerin sahip
olduklar1 tiim arazi varhigi (siirekli degisken), giibreleme konusu ile ilgili seminere
katilma durumu (katildiysa 1, katilmadiysa 0 olarak kodlanmistir), kimyasal giibrenin
topraga verdigi zararlar icinde toprakta tuzlulagsmaya neden olma, agir metal kirliligi
ve besin maddesi dengesizligine neden olma durumu gibi faktérler (bilenler 1 olarak
bilmeyenler 0 olarak kodlanmistir) dahil edilmistir. Cizelge 1’de modeldeki bagiml ve
aciklayic1 degiskenlerin kodlari, agiklamalar: ve bazi istatistiki 6zellikleri verilmistir.
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Cizelge 1. Binary logit modelinde kullanilan degiskenlerin tanimlayici istatistikleri
Table 1. Descriptive statistics of variables used in binary logit model

Kodu

Degigken

Ortalama

Standart
Sapma

Minimum

Maximum

Bagimh
Degisken
(Y)

Yas

Egitim Durumu

Gelir

Arazi

Egitim

Tuzlulagsma

Agir Metal

Besin Maddesi

Kimyasal glibrelerin
topraga yaptig: zararlar
hakkinda bilgisinin
olma durumu

Bilgisi olan:1

Bilgisi olmayan:0
Ureticinin Yas1
(Stirekli Degisken)
Ureticinin Egitim
Durumu

Okuryazar:0

Tkokul:1

Ortaokul:2

Lise:3

On lisans:4
Universite:5
Ureticinin Ayhik tim
Geliri (Siirekli
Degisken)

Ureticinin Sahip Oldugu
Tim Arazi

(Stirekli Degisken)
Gibre kullanimi
hakkinda herhangi bir
egitime katilma durumu
Katilan:1
Katilmayan:0
Topraklarda tuzlanma
yapma durumu
Bilen:1

Bilmeyen:0

Agir metal birikimi
yapma durumu
Bilen:1

Bilmeyen:0

Besin maddesi
dengesizligi yapma
durumu

Bilen:1

Bilmeyen:0

0.676

51.538

2.462

6818.774

27.248

0.124

0.607

0.310

0.124

0.470

11.683

1.054

6813.933

22.872

0.331

0.490

0.464

0.331

0.0

23.0

0.0

666.6667

3.0

0.0

0.0

0.0

0.0

1.0

75.0

6.0

33333.33

133.0

1.0

1.0

1.0

1.0

BULGULAR ve TARTISMA

Ureticilerin sosyo-ekonomik 6zellikleri

Tarimsal tretim yapan ureticilerin isletmeciligini daha iyi kavramak ig¢in treticilik
bilgileri yaninda tireticinin sosyo-ekonomik yapisini da bilmek gerekir. Cizelge 2'de
ureticilerin sosyo-ekonomik yapisin1 ortaya koyacak bazi faktorler incelenmigtir.
Aragtirma kapsaminda gorusiilen tireticilerin yas ortalamasi 52 olarak belirlenmistir.
Yani ureticilerin aktif ¢aligabilir yas araliginda oldugu sdylenebilir. Ayn1 arastirma
boélgesinde kimyevi glibre destekleri lizerine yapilan bir arastirma da ureticilerin
%51.85'nin yas aralig1 51 ve iizeri (Altintas ve Altintas, 2012) ve kimyasal giibre cevre
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1ligkisini inceleyen arastirmada tureticilerin %54.90'nin yag araligir 39-58 yas araliginda
(Kizilaslan ve Kizilaslan, 2005) oldugunu géstermislerdir. Yilmaz ve ark. (2009) Isparta
ilindeki ureticilerin yag ortalamasini 50.89 olarak belirtmiglerdir. Yurt i¢cinde benzer
sonuglara rastlamirken yurt dis1 arastirmalarda farkli sonuglara rastlamak
miimkiindiir. Ornegin Giyaki ve ark. (2015) Nijerya da yaptiklar1 arastirmalarinda
ureticilerin %33.51 35-44 yas araliginda oldugu belirlenmigtir. Yani tarim agirhiklh
bagka ilkelere gore Tirkiye'deki iireticilerin geng niifus araligindan biraz yliksek yas
araliginda oldugu séylenebilir.

Ureticilerin yarisindan fazlasinin (%59.31) ortaokul mezunu oldugu Cizelge 2’den
anlagilmaktadir. Egitimin bilinglenme konusunda biiylik 6nem tasidigi géz oniline
alinirsa egitim durumunu ytlikselterek bagarili kararlarin alinmasina ve kaynaklarin
etkin kullanilmasina fayda saglanacaktir. Benzer olarak Yilmaz ve ark. (2009) Isparta
1lindeki Gireticilerin egitim siiresinin ortalama 7 yil olarak bulmuslardir. Yag/egitim gibi
sosyal faktorler tiretimde etkili oldugu gibi ekonomik yapisi tizerine de etkisi biiytiktiir.
Ekonomik yapinin en biiyiik géstergesi de gelir olacagindan treticilerin gelir durumu
arastirilmistir. Ureticilerin aylik ortalama tarimsal geliri 2.355,25 TL iken tarim dist
geliri 2.108,28 TL olarak hesaplanmigtir. Gorugllen treticilerin %55.861 sadece
ciftcilikle ugrasirken, %35.86’s1 ayni zamanda emeklidir. Ureticilerin %83.45'nin saghk
sigortasi oldugu belirlenmistir.

Aragtirma sonuglarina gore lUreticilerin %84.14'nlin arazilerinin kendilerine ait
oldugu ve toplamda igletme bagina 27.24 da arazisi diistigi gozlenmigtir. Altintas ve
Altintas (2012) kimyevi giibre destegi iizerine yaptiklar: arastirmalarinda iireticilerin
%69.63'nlin arazilerinin miilk arazisi oldugunu bulmuslardir. Yani ayni boélgede
yapilan aragtirmanin sonucu ile paralel bir sonug i¢erisinde oldugunun gostergesidir.
Ureticilerin sadece %7.59'u bitkisel tiretim trin sigortasi yaptirirken, %92.41’inin
yaptirmadigi Cizelge 2’den anlasilmaktadar.

Ureticilerin kimyasal giibre kullanimi
Ureticilerin ortalama 23.8 yildan beri kimyasal giibre kullandiklar: belirlenmistir.
Bagka bir arastirmada paralel bir sonuca rastlamak miumkiindir. Kizilaslan ve
Kizilaslan (2005) iireticilerin 24 yildir giibreleme yaptigini ortaya koymuslardir. Gizaki
ve ark. (2015), Nijarya’daki iireticilerin %47’sinin deneyimlerinin 11-20 y1l arahiginda
oldugunu tespit etmistir, tabi s6z konusu tilkedeki tireticilerin yaslarinin geng¢ niifus
oldugu g6z 6éniine alinirsa bu sonucta yanhis olmaz. Ureticilerin %88.97’si kimyasal
giibre fiyatlarini pahali bulurken %11.03’i fiyatlar: uygun bulmaktadir. Ureticilerin
%48.97’s1 glibrelemeyi elle yaparken %38.62’si makineyle giibreleme yapmaktadir.
Cizelge 3’de ureticilerin ¢iftlik giibresi ya da kimyasal giibreden hangisini daha ¢ok
tercih ettikleri verilmistir. Cizelgeye gore iireticilerin en cok kimyasal giibreyi (%55.17)
tercih ederken, %44.83’t en ¢ok ¢iftlik giibresini kullanmay tercih etmektedir.



YUZBASIOGLU / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 4562-465 458

Cizelge 2. Ureticilerin genel ozellikleri
Table 2. General characteristics of the producers

Frekans % Ortalama
Yas 51.54
Okuryazar 6 4.14
Tkokul 2 1.38
Egitim Durumu Ortaokul 86 59.31
Lise 29 20.00
On lisans 18 12.41
Universite 4 2.76
TOPLAM 145 100.00
Tarim dig1 bir Evet 64 44.14
islle wRasme Hayir 81 55.86
durumu ’
TOPLAM 145 100.00
Isci 8 5.52
Tarim dig1 Memul.f 4 2.76
N . Emekli 52 35.86
ugrastigl 1s Caligmyor
(Sadece ciftci) 81 55.86
TOPLAM 145 100.00
Saglik Sigortasi Olan 121 83.45
olma durumu Olmayan 24 16.55
TOPLAM 145 100.00
Gelir (TL/ay) Tarimsal Gelir 2.420,11
Tarim Dis1 gelir (hanedeki tiim maas ve diger gelirler) 2.108,28
Bitkisel trlin Yaptiran 11 7.59
sigortasi
yaptirma Yaptirmayan 134 92.41
durumu
TOPLAM 145 100.00
Arazi varhg* M.iilk 122 84.14 24.29
(da) Kira 33 22.76 20.61
Ortakgl 22 15.17 13.95

*Birden fazla segenek igaretlendiginden %100 agmaktadir.

Cizelge 3. Ureticilerin tarimsal iiretim yaparken en ¢ok kullandig giibre cegidi
Table 3. The most used fertilizer types of the producers in agricultural production

Frekans %
Ciftlik gtibresi 65 44.83
Kimyasal glibre 80 55.17
TOPLAM 145 100.00

Cizelge 4’den anlagilacagi gibi Ureticilerin %63.45’1 kimyasal ve c¢iftlik giibresini
birlikte kullanmaktadir. Az oranlarda olsa da organik giibre karistirarak kullandiklari
anlasilmaktadir. Atilgan ve ark. (2007), Antalya’daki iireticilerin kimyasal giibre
kullanimi tzerine yaptiklar: arastirmalarinda treticilerin organik, kimyasal ve ¢iftlik
glubresini birlikte kullanmay1 en fazla tercih ettiklerini ortaya konulmustur. Yani
Turkiye'ni daha batisinda yer alan ve sera da uretim yapan Ureticilerin Ugli giibre
kombinasyonunu birlikte kullanmay: tercih ederken, Tiirkiyenin daha dogusunda yer
alan Tokat ilindeki iireticilerin ti¢li glibre kombinasyonunu bir arada kullanmay1 daha
az tercih ettikleri sonucu ortaya ¢ikiyor. Tokat ilinde en fazla kullanilmay: tercih edilen
kimyasal ve ¢iftlik giibresi Antalya ilindeki tireticilerin en az birlikte kullanmay tercih
ettikleri birlesenlerdir. Giibreleri birlikte kullanmaktaki farklhilik nedenleri olarak
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bolge farki, yetistiricilik fark: ya da tireticilerin giibre se¢imindeki biling fark: olarak
sOylenebilir.

Cizelge 4. Ureticilerin birlikte kullandiklar: gitbre kompleksi
Table 4. Fertilizer complex that the producers use together

Frekans %
Kimyasal ve ciftlik gtibresi 92 63.45
Kimyasal ve organik giibre 32 22.07
Organik, kimyasal ve ciftlik giibresi 21 14.48

*Birden fazla segenek isaretlendiginden %100 agsmaktadir.

Cizelge 5’te goriilecegi tizere ureticilerin kullandiklar: azotlu, fosforlu ve potasyumlu
giibreleri daha ¢ok bayiden temin etmektedirler. Ureticiler bir dekarlik alana en fazla
azotlu giibre (9.79 kg/da) kullamirlarken, en az potasyumlu giibre (2.37 kg/da)
kullanmaktadirlar. Kizilaslan ve Kizilaslan (2005), yaptiklar1 arastirmalarinda
bugday, seker pancari, patates ve silajlik misir igin ureticilerin kullandiklari en fazla
glibre orani azotlu glibre olarak tespit etmislerdir. Arastirmadaki giibre kullanim
sirasina paralel literatiirde caligmalara rastlamak miimkindir. Ornegin Yilmaz ve
ark. (2009) Isparta ilindeki iireticilerin dekara en fazla azot (29.27 kg/da), takiben fosfor
(8.77 kg/da) ve potasyum (5.52 kg/da) olarak uyguladiklarini tespit etmistirler.
Ureticilerin temin ettigi giibre cesitlerinin bir kg veya bir litresini satin aldiklar
dénemdeki fiyatlar: baz alinarak birim fiyatlar olusturulmustur.

Cizelge 5. Ureticilerin tek besin maddesi igeren giibre cesidini temin yerleri, satin alim
miktar1 ve birim fiyatlar:

Table 5. Where producers can obtain fertilizer types containing single nutrients,
purchase quantity and unit prices

Azotlu Giibre Fosforlu Giibre Potasyumlu Giibre
. Birim . Birim . Birim
I SR U
& (TL) g (TL) g (TL)
Kendi 0.84 5625 552 061 40.00 552  0.13 125.00 2.76
Tiiccar 1.44 37.89 13.10 1.97 50.48 14.48 : - :
Bayi 453 4895 42776 525  67.22 4966 1.47 7185 18.62
W 299 4263 11.03 1.80 67.25 11.03 0.77 68.00  6.90
kredi koop.

*Birden fazla segenek igsaretlendiginden %100 agmaktadir.

Ureticiler kullandiklar1 kimyasal giibre cuvallar1 tizerindeki N-P-K simgesini
bildiklerini 6grenmek icin tireticiye direk sorulmus ve alinan cevaplar Cizelge 6’da
verilmistir. Ureticilerin %43.45" kullandiklar1 giibre ¢uvallarinin tizerindeki N-P-K
simgesinin azot-fosfor-potasyum oldugunu bilirken yarisindan fazlasinin (%52.41)
simge hakkinda higbir bilgisinin olmadigim dile getirmislerdir (Cizelge 6).



YUZBASIOGLU / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 4562-465 460

Cizelge 6. Ureticiler satin aldiklar1 giibre ¢uvali tizerindeki N-P-K simgesinin a¢ilimi
Table 6. Information about the N-P-K symbol on the fertilizer bag they purchased

Frekans %
Mikro element-mikrobiyal-orgomineral - -
Azot-fosfor-potasyum 63 43.45
Mikro element-fosfor-potasyum 2 1.38
Azot-mikrobiyal- orgomineral 4 2.76
Bilgisi olmayan 76 52.41
TOPLAM 145 100.00

Ureticilerin  %85.52’si kimyasal ila¢ kullamimi yaninda bagka giibrelerde
kullanirken, %14.48’i sadece kimyasal giibre kullanmaktadir. Ureticilerin yarisindan
fazlas1 (%53.10) kimyasal giibre kullanirken, kimyasal giibre cesitleri icinde en c¢ok
azotlu giibre, en azda potasyum glibresi tercih etmektedirler. Bu da Tirkiye
topraklarinin potasyum igeriginin yeterli oldugu fikrinin yaygin olmasindan
kaynaklaniyor olabilir (Uysal ve Kaya, 2019).

Ureticilerin  %86.21'1f kimyasal giibreyi verimi artirdigi icin tercih ettikleri
belirlenmigtir. Paralel bir sonucu literatiirde rastlamak mimkiindir. Tayoh ve ark.
(2016) Kamerun Buea'da yaptiklari arastirmalarinda {ireticilerin %911 kimyasal
glibrenin tretimin verimini artirdigi distincesindedir. Ureticilerin kimyasal giibre
seciminde dikkat ettikleri hususlar incelendiginde en fazla topraga ve tirtine sagladig:
yarara (%53.79) bakilirken, diger hususlar sirasiyla %34.48'1 daha 6nce denenmis
olmasina, %26.901 topraga uygunluguna ve %22.07’si fiyatina baktig1 6zellikler oldugu
anlasilmaktadir (Cizelge 7).

Cizelge 7. Ureticilerin kimyasal giibre tercih etmesi hakkinda bilgiler
Table 7, Information on the preference of producers for chemical fertilizers

Frekans %

Gibre fiyatina 32 22.07

TOpra*‘i’a. 39 26.90
Kimyasal giibre Byiun"ugur(lla .
seciminde dikkat la a once dehenmiy 50 34.48
edilen hususlar oumasina - -

Topraga ve lriine

sagladig1 yarara 78 53.79

(Gecmis tecriibesine)
*Birden fazla segenek igsaretlendiginden %100 agmaktadir.

Ureticilerin kimyasal giibre kullaniminda yasadiklari sorunlar Cizelge 8'de
verilmigtir. Ureticilerin %55.171ik oranla en fazla yasadiklari sorun giibre
fiyatlarindaki artistir. Fiyat artisi1 sorununu sirasiyla alim glct azligi, urin
fiyatlarinin azlig1 ve desteklemelerin yetersizligi takip etmektedir.

Cizelge 8. Ureticilerin kimyasal giibre kullaniminda yasadiklar: sorunlar
Table 8. Problems of producers in using chemical fertilizers

Frekans %
Giibre fiyatlarinin artmasi 80 55.17
Cift¢inin ahm glici 78 53.79
Urin fiyatinin diisik olmasi 54 37.24
Desteklemelerin yetersiz 97 18.62

olmasi

*Birden fazla segenek igaretlendiginden %100 asmaktadir.
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Ureticilerin kimyasal giibre kullanimindaki bilgi durumu

Bitkisel tretimde verimin artirarak ureticiler bitkisel liretimden elde edilen geliri
artirmay1 amaclar. Verimin artirmanin gesitli yollar: vardir, bu yollardan biri de glibre
uygulamaktir. Topragin istegi ya da ihtiyacina yonelik giibre kullanimi bilingli bir
kullanim sayilabilir.

Aragtirmanin bu bélimiinde treticilerin kimyasal giibre kullanimindaki bilgi diizeyi
cesitli sorularla ortaya konulmaya calisilmistir. Ureticilerin %87.59'u daha 6nce giibre
kullanimi hakkinda herhangi bir egitime katilmazken sadece %12.41’1 konu ile ilgili
egitim programina katildigini ifade etmiglerdir. Giibre konusu ile ilgili herhangi bir
egitime katilmayan dtreticilerin %75.17’si egitim almak istedigini belirtmislerdir.
Kamerun Buea’da yapilan arastirmada benzer sonuca rastlanmis, Tayoh ve ark. (2016)
arastirmasinda ureticilerin %851 kimyasal uygulama hakkinda resmi bir egitim
almadiklarini géstermigstir.

Ureticilerin kimyasal giibrelerin topraga yaptig1 zararlar hakkinda bilgisinin olup
olmadig1 ve kimyasal giibrelerin topraga yaptig1 zararlar Cizelge 9'da verilmistir.
Ureticilerin %67.59'u kimyasal giibrelerin topraga verdigi zararlar hakkinda bilgisi
oldugunu dile getirirken, %32.41’i bilgisi olmadigim1 beyan etmislerdir. Ureticiler
kimyasal gilibrelerin topraga verdigi zararlar i¢cinde en fazla toprakta tuzlulagsmaya
neden oldugunu (%60.69) belirtirken, ikinci sirada agir metal birikimine (%31.03) ve
{iciincii sirada ise sularda kirlilige (%16.55) neden olacagini belirtmislerdir. Paralel bir
sonucu Gizaki ve ark. (2015) Nijerya’da yaptiklar1 arastirmalarinda bulmuslardir.
Nijerya’daki tireticilerin %84’ kimyasal giibrelemenin bitkisel tiretime zarari olmadig:
yani kimyasal miicadele bilincinin diisiik oldugu sonucuna varmiglardir. Kizilaslan ve
Kizilaslan (2005) Tokat ili Artova boélgesinde yaptiklar: arastirmalarinda tireticilerin
%57.14’t kimyasal giibrenin toprak kirliligine neden olacagi goriisiindedir. Yani gegen
yillara kargin treticiler kimyasal glibrenin zararlari hakkinda fikirleri degigsmemis
ama hala bilingsiz kullanim devam etmekte denilebilir Farkli bélgede yakin zamanda
yapilan arastirmada paralel bir sonuca rastlanmistir. Ozalp ve Giildal (2017) Adana
ilinde yaptiklar: arastirmalarinda treticilerin %78.9nun kimyasal giibre kullanimi
zamanla topraga zarar vermekte oldugunun ve topragi verimsizlestirdigi
goriigsiindedirler. Kimyasal giibrenin zararim Savcr (2017) tarimsal bir kirletici adli
arastirmada énemini incelerken, Sénmez (2008) toprak tuzlulugu, agir metal birikimi,
otrafikasyon, sularda nitrat birikimi gibi ¢evreye zararlari oldugunu vurgulamistir.
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Cizelge 9. Ureticilerin kimyasal giibrelerin topraga yaptig1 zararlar hakkinda bilgisi
Table 9. Information of producers about the damage of chemical fertilizers to the soil

Frekans %
Ki 1 gtibreleri
. myasal gubreiein - Bilgisi olan 98 67.59
opraga yaptigi
zararlar hakkinda
bilgisinin olma Bilgisi olmayan 47 32.41
durumu
TOPLAM 145 100.00
Topraklarda 33 60.69
tuzlanma
Agir metal birikimi 45 31.03
Kimyasal glibrelerin  Besin maddesi
- o e 18 12.41
topraga yaptigi dengesizligi
zararlar Sularda kirlilik 24 16.55
onn tabgkasmm 4 276
incelmesi
Sera etkisi 4 2.76

*Birden fazla segenek isaretlendiginden %100 agsmaktadir.

Ureticilerin yarisindan fazlasinin kimyasal giibre kullamimin zararli olacag
goriisinde ve bunu takiben bilingsiz kimyasal giibre kullanimin 6niine gecilmesi i¢in
tireticilerin kendi gériigleri 6grenilmek istenmistir. Ureticilerin %82.07’sine gore
egitimin olmasi bilingli glibre kullaniminda ¢ok 6nemli olacagini distinmektedir.

Cizelge 10’da ureticilerin kimyasal giibre uygulamas1 yaptigr durumlar verilmistir.
Ureticilerin %57.934 kimyasal giibreyi kendi bilgisi ve tecriibesine gére uyguladigini
soylerken, %53.10nu Urinlerinde verim dusikligi gordigi zaman uyguladigin
soylemistir. Ureticilerin sadece %6.90'm1 toprak analizi yaptirdiktan sonra eksikligine
gore kimyasal giibre takviyesi yaptigim belirtmistir. Kizilaslan ve Kizilaslan (2005),
Tokat Artova bolgesinde yaptiklar: arastirmalarinda %68.63'niin kendi tecriibelerine
gore gliibreleme yaptiklarini ortaya koymuslardir. 14 yil sonra Tokat merkezde yapilan
arastirmada sadece oranin azaldig1 ancak ureticilerin hala en fazla kendi tecriibelerine
gore glibreleme yapmayi tercih ettikleri anlasilmaktadir. Ureticilerin gelenekci oldugu
yani bilgiden, egitimden daha cok kendi (atadan gorme) bilgileriyle hareket ettigi ve
yillar gectikge degismedigi sonucu c¢ikarilabilir. Arastirma alan1 diginda yerli bagka
literatiirde benzer sonucu ortaya koymustur. Yilmaz ve ark. (2009) Isparta ilindeki
ureticilerin %33.67’sinin kendi tecriibelerine gore kimyasal giibre uygulamasi yaptigini
ortaya koymus fakat yas ortalamasini 50.89 olarak belirtmislerdir.

Cizelge 10. Ureticilerin kimyasal giibre uygulamasi yaptiklar: durumlar
Table 10. When producers make chemical fertilizers

Frekans %
{{enq‘h bilgi ve tecriibeleri 84 57.93
uzerine
Verim digikligi goruldaga 77 53.10
durumlarda
Ziraat mithendisleri 31 21.38

onerdikleri durumda

Toprak analizi yaptirdiktan

sonra, element eksikligi 10 6.90
gorildigi durumlarda

*Birden fazla secenek isaretlendiginden %100 agsmaktadir.
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Ureticilerin kimyasal giibrelerin topraga yaptig zararlar: bilmesini etkileyen faktérler
Toprak analizi sonucunda toprakta eksikligi bulunan element/elementlere gore
kimyasal giibre uygulamasi yapilmasi hem toprak hem de yetistirilecek iiriin i¢in
onemlidir. Yani kimyasal giibre kullanimi tretimden, aligkanliktan ziyade ihtiyaca
gbre yapilmasi 6nemlidir. Bilingsiz uygulamanin topragi bozacagi/kirletecegi gibi tirline
de cevreye de zarari1 vardir. Buradan yola cikarak treticilerin kimyasal giibrenin
topraga verdigi zararlar1 bilme durumuna etki edecek bazi sosyo-ekonomik faktorler
baz alinarak istatistiki olarak analiz edilmistir. Analiz sonucunda McFadden R2 ve
onem seviyesine gore hipotez anlamli bulunmusg ve yorumlanabilir ¢ikmistir. McFadden
R2analizine gore aciklayic1 degiskenler modelin %70’ni a¢iklaya bilmigtir ve buda kabul
edilebilir bir orandir. Modelin 6nem seviye istatistiki olarak her énem seviyesinde
anlamli oldugu Cizelge 11’de goriilmektedir. Diizeltilmis R2bire yakin olmasi istenilir,
modelde 0.91 bulunmus ve bu da oldukc¢a yiiksek bir oran olup modelin yorumlanasi
istatistiki olarak izin vermektedir. Analiz sonucunda tireticilerin geliri, kimyasal
giibrelerin topraga verdigi zararlari (topraklarda tuzlulasmaya neden olmasi, agir
metal kirliligi ve besin maddesi dengesizligi gibi) bilme ile zararlari bilme bilinci
arasinda istatistiki olarak anlamli bir iliski bulunmustur. Bu iliski %1 06nem
seviyesinde anlamli bulunan ireticilerin geliri ile kimyasal giibrelerin topraga yaptig
zararlari bilme durumu arasinda negatif yonli bir iliski séz konusudur. Ureticilerin
gelirindeki bir birimlik artis kimyasal gilibrelerin topraga yaptigi zararlari bilme
durumunu %10 olasilikla azaltacaktir. Yani geliri arttik¢a ireticiler ya kimyasal
giibrelerin topraga yaptigi zararlar: bilmiyor ya da irtinlin verimini artacagi inanci ile
daha fazla kimyasal giibre kullanmay tercih ediyor.

%10 o6nem seviyesinde anlamli bulunan kimyasal glbrelerin topraga yaptigi

zararlar: bilme durumu ile topraklarda tuzlulagsmaya neden olma, agir metal kirliligi
ve besin maddesi dengesizligi durumlar: arasinda pozitif yonla bir iligki s6z konusudur.
Kimyasal giibre kullanimi toprakta tuzlulasmaya neden olacagini bilenler bilmeyenlere
gore %43 oranla kimyasal giibrenin zararh oldugu goériisiindedir. Toprakta agir metal
birikimine neden olacagini bilen treticiler bilmeyen tureticilere gére %34 oranla daha
fazla kimyasal giibrenin zararli oldugunun bilincindedir. Kimyasal giibre kullanimi
toprakta besin maddesi dengesizligine neden olacagini bilenler bilmeyenlere goére %35
oranla kimyasal giibrenin zararli oldugu inancindadir.

Cizelge 11. Ureticilerin kimyasal giibrelerin topraga yaptig1 zararlari bilmesini
etkileyen faktorlerin binary logit analiz sonucu

Table 11. Binary logit analysis result of factors affecting producers’' knowing the damage
of chemical fertilizers to soil

Kat Say1 Standart Hata z |z|>Z* Marjinal Etki
Sabit -0.798 2.575 -0.31 0.757
YAS -0.006 0.036 -0.17 0.868 -0.001
ED 0.051 0.372 0.14 0.891 0.003
GELIR -0.001* 0.943 -1.92 0.055 0.101*
ARAZI 0.005 0.022 0.24 0.809 0.001
EGITIM 0.877 1.187 0.74 0.460 0.054
TUZLAMA 4.734%** 0.980 4.83 0.000 0.434***
AGIRMETL 29.500 0.146 0.00 1.000 0.342%**
BESINMAD 32.003 0.199 0.00 1.000 0.351***
Not: ¥¥¥ %% * ==> Onem seviyesinde temsili %1, %5, %10
Log Likelihood Function -27.23865, Restricted Log Likelihood -91.34264
Chi Squared [8 D.F.] 128.20798, Significance Level 0.00000

Mcfadden Pseudo R-Squared 0.7017970
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SONUC

Aragtirma sonuglarina gore ureticilerin kimyasal giibre kullanimi1 azimsanmayacak
kadar fazladir. Kimyasal giibre kullanimi kendi bilgi ve tecriubelerine gére olmasina
karsin kullanilan kimyasal giibrelerin ustiindeki simgelerin treticiler tarafindan
bilinmemesi ¢ok da sasilacak bir sonug olmamaktadir.

Ureticiler kimyasal giibrelerin topraga zarar verdigi ve verdigi zararlar hakkinda
bilgili oldugu fakat kimyasal giibre ile yapilacak tiretimin bitkisel verimi artirdig:
gériigiindedir. Ureticilerin bityiik bir kismi (%87.59) giibre konusu ile ilgili hichir egitim
almamig ya da seminere katilmamistir. Ancak treticiler bilingsiz giibre kullanimina
karg: egitimin alinmasi gorusiindedir. Yani arastirmanin bu sonuglar: dogrultusunda
ureticilerin geleneksel iretime devam ettikleri ancak bazi hatalar neticesinde
bilgilerinin yetersiz oldugu ve egitimin gerektigi goriisindedir. Bu sonuglar neticesinde
bolge treticilerin ilgili kurum/kuruluslarin acilen egitim ya da seminer programi
uygulamasi 6nerilebilir.

Analiz sonucunda tureticilerin sosyo-demografik o6zelliklerine nazaran tireticilerin
kimyasal giibrenin topraga ne gibi zararlar verdigi unsurlar1 (tuzlulasma, agir metal
kirliligi, besin maddesi dengesizligi gibi) bilmeyle iligkili oldugunu ortaya koymustur.
Yani ureticilerin egitim durumu, yasi ve arazi varligi ile kimyasal giibrenin zararh
oldugunu bilinmesi arasinda istatistiki olarak iligki olmadig1 arastirmanin sonuclar:
dogrultusunda sdylenebilir. Istatistiksel olarak kimyasal giibrenin topraga yaptid
¢esitli zararlar ile kimyasal glibrenin zararlarini bilme durumu arasinda anlamli ve
pozitif yonli bir iligski oldugu ortaya konulmustur. Kisacasi Ureticiler kimyasal
glibrenin zararli oldugunu biliyor ve zararlarinin ne oldugunun bilincinde oldugu
soylenebilir. Ureticiler verimin artmas:1 dolayisiyla gelirinin artmasi icin kimyasal
giibre kullanimini kendi tecribelerine goére yani bilingsiz sekilde yapmaktadir.
Aragtirmanin bir sonraki arastirmalara ya da ilgili kurum/kuruluslara 11k tutmasi i¢in
bitkisel liretim yapan isletmecilerin bilingsiz ve kendi tecriibelerine yonelik kimyasal
giibre kullanimi oldugu soéylenebilir ve egitimler i¢in bir 6neri olusturulabilir.
Ureticilere verilecek egitimler kimyasal giibrenin zarari veya zararlar tizerine degil
kimyasal glibrenin toprak analizi sonucu ile ne kadar ne zaman ve nasil verilmesine
yonelik olmasi 6nerilir.
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Herhangi bir ¢ikar catigmasi bulunmamaktadir.
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Yazar, makaleye %100 katki saglamagtir.
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OZET

Bu ¢alisma, bag yetistiriciliginin olduk¢a 6nemli oldugu Tokat ilinde )
iiretilen asmalarda verim kaybina neden olan bazi viral etmenleri | ARASTIRMA MAKALESI
tespit etmek i¢in yuritilmustir. Tokat Merkez ve ilgelerinden
alinan 196 asma ornegi, Grapevine fleck virus (GFkV), Grapevine
Syrah virus-1(GSyV-1) ve Arabis mosaic virus (ArMV) etmenlerinin
varligini tespit etmek igin, viriislere spesifik primerlerle RT-PCR
yontemi uygulanmistir. Yapilan RT-PCR analizleri sonucunda ArMV
(429 bp), GFkV (714 bp) ve GSyV-1 (611 bp) i¢in beklenen diizeyde | Anahtar Kelimeler:
DNA amplifikasyonlar1 gozlenmigtir. RT-PCR sonucunda, sirasi ile
ArMV (% 9.7), GSyV-1 (%6.6), GFkV (%0.5) etmenleri tespit | » Arabis mosaic virus,
edilmistir. ArMV en c¢ok Erbaa ilcesinde gozlemlenirken, GFkV | » Grapevine fleck virus,
sadece Tokat Merkez'de, GSyV-1 ise en ¢ok Pazar ilgesinde tespit | » Grapevine Syrah
edilmig ve Merkez ve Erbaa’da tespit edilmemistir.
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Molecular Identification of Arabis mosaic virus, Grapevine fleck virus and
Grapevine Syrah virus-1in Grapevine Fields in Tokat Province

ABSTRACT

This study was carried out to detect viral factors that cause loss
of yield in grapevine produced in Tokat province, where bond | RESEARCH ARTICLE
cultivation is very important. The existence of Grapevine fleck
virus (GFkV), Grapevine Syrah virus-1 (GSyV-1) and Arabis | Received: 29.06.2020
mosaic virus (ArMV) factors causing yield loss in 196 grapevine | Accepted: 20.11.2020
samples from Tokat districts were investigated by RT-PCR
methods. As a result of testing the grapevine samples taken from
Tokat province by RT-PCR method, expected levels of DNA | Keywords:
amplifications were observed for ArMV (429 bp), GFkV (714 bp),
GSyV-1 (611bp). As a result of RT-PCR analyses, ArMV (9.7%), | » Arabis mosaic virus,
GSyV-1 (6.6%). GFkV (0.5%) were determined respectively. While |
ArMV was mostly observed in Erbaa district, GFkV was observed
only in Tokat center, and GSyV-1 was observed mostly in Pazar

Grapevine fleck virus,
» Grapevine Syrah

district, but not in Center and Erbaa. virus-1,
» RT-PCR,
> Tokat
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Journal of Agricultural Engineering Research (TURKAGER), 1(2): 466-474.
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GIRIS

Diinya’da bagcilik i¢in en elverigli iklime sahip olan tlkelerden biri Turkiye’dir. Tokat,
I¢ Anadolu Bélgesi ve Dogu Karadeniz Bolgeleri arasinda gecit iklim 6zelligi gosteren
bir ilimizdir. Bagcilik Tokat i¢cin 6nemli tarim kollarindan birisidir. Merkez, Zile, Erbaa,
Pazar, Turhal ve Niksar il¢elerinde yaygindir. Tokat ilinde 74 369 da alandan 65 955
ton Uretim yapilmaktadir (TUIK, 2018). Bag alanlarinda tzim verimini ve kalitesini
digiiren en énemli faktoérler kiltir bitkisinin hastaliklar: ve zararlhlaridir. Bunlar
arasinda bag alanlarinda 4-5 yil sonra gozle gorilebilir belirti gosterdikleri ve tiretim
materyalleri yoluyla hizla yayilabildikleri i¢in viriis hastaliklarinin 6nemi ve yeri
oldukea 6nemlidir (Ozaslan 2001). Viriis hastaliklar: tiztimlerde ciddi verim kaybina yol
acarlar. Asmalarda (Vitis vinifera L.), 60’ dan fazla viriis hastalif1 gériilebilir. Bu
nedenle ¢ok yillik bitki gruplar: icerisinden viral hastaliga en fazla sahip olan bitki
grubunu olustururlar. Diinyada viriis hastaliklar1 nedeniyle bag alanlarindaki verim
kayiplar:t %14-40 oraninda oldugu tahmin edilmektedir (Martelli, 2014).

Tiirkiye'de en énemli asma viriislerinin Arabis mozaik viriisii (Arabis mosaic virus
ArMV), Gévde cukurlasmasi viriisii (Rugose wood complex), Asma A viriisii (Grapevine
A viruss-GVA), Asma yaprak kivrilma viriisleri 1, 2, 3, 5, 6 ve 7 (Grapevine leafroll virus
1,2, 3, 5, 6, 7), Asma yelpaze yaprak viriisii (Grapevine fanleaf virus-GFLV), Asma flek
viriisii (Grapevine fleck virus- GFkV), Ahududu halkal leke viriisii (Raspberry ringspot
virusRpRSV) ve Cilek latent halkal leke viriisii (Strawberry latent ringspot virus-
SLRSV) oldugu bildirilmektedir (Kepsutlu ve ark., 1962; Tekinel ve ark., 1972; Erdiller
1982; Azeri, 1983; Gursoy ve ark., 1988; Gursoy, 1991; Azeri ve Cicek, 1995; Akbas ve
Erdiller, 1993; Ozaslan ve Yilmaz, 1994; Yilmaz ve ark., 1997; Caglayan ve Gazel, 1998;
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Kokli, 1999; Kokl ve Baloglu, 2000; Cigsar, 2002; Akbas ve ark., 2007; Buzkan ve ark.,
2010).

Viral etmenlerden dolayr baglarda meydana gelen hastaliklar sonucunda
salkimlarda seker iceriginin diismesi, bitki 6mrinin kisalmasi ve asi tutma oraninin
diismesinden dolay: tiriinlerin pazar degerinde diisiisler olmaktadir (Ozaslan ve ark.,
1991).

Baglarda 6nemli virtis hastaliklarindan ArMV Comoviridae familyasi Nepovirus
cinsinden olup belirtileri; klorotik lekeler, yaprak ve stirgiin deformasyonu, parlak sari
renk degisimleri, biiyiime oraninda azalma ve fazla iiriin kayiplar1 (Martelli ve Boudon-
Padieu, 2006) seklindedir. ArMV ilk kez Arabis hirsuta bitkisinde bildirilmistir.
Hastaligin etmeni (Xiphinema diversicaudatum, X. coxi, X. baker:) nematod vektérler
ile, mekanik inokulasyon, agilama ve tohum ile taginmaktadir. Viral etmen bitkilerin
birbirine temas1 ile tasinmamaktadir. Hastalik etmeninin tlkemizde oldugu
bildirilmektedir (Akbas, 1998; Kaya ve Erilmez, 2014; Akbas ve Erdiller, 1993; Cigsar
ve ark., 2002; Ozaslan ve Yilmaz, 1995; Karadeniz, 2016).

GSyV-1, ilk kez 2009 y1linda ABD de iki farkh arastirici grup tarafindan geriye 6lim
belirtileri gosteren Siraz tizlim ¢esitlerinde tanimlanmigtir. Tespit edilen bu yeni viris
‘Grapevine syrah virus-1’ olarak adlandirilmis ve Tymoviridae familyas1 Marafivirus
cinsi icine dahil edilmistir (Al Rwahnih ve ark., 2009). Ulkemizde, Caglayan ve ark.
(2017), Palieri, Antep Karasi ve Syrah asmalarina ait dormant siirgiinlerde yaptiklar
calismada Grapevine pinot gris virus (GPGV), Grapevine rupestris stem pitting
associated virus (GRSPaV), Grapevine syrah virus-1 (GSyV-1) ve Grapevine virus A
(GVA) viriislerini RT-PCR ile varliklarim tespit ettikleri calismada Antep Karasi ve
Syrah cesitlerine ait iki 6rnekte GSyV-1 etmeni belirlenmistir. GSyV-1 etmeninin bu
calisma 1ile Turkiye’deki varlig: ilk kez rapor edilmigtir.

GFKkV, Tymoviridae familyasindan Maculavirus cinsindendir. Viriis RNA’s1 floemde
bulunur (Boscia ve ark., 1991; Boulila ve ark., 1990). Etmen damarlarda renk acilmasi,
yapraklarda sekil bozukluklar1 seklinde belirtilere yol acar. Klorotik bozulmalar 3. ve
4. derece damarlar boyunca goérulir ve bu sekilde diger etmenlerden ayirt edilir.
Etmenin yogun oldugu durumlarda yapraklarda yukari dogru biikiilmeler, kivrilma ve
burusma seklinde belirtiler olugur (Garau ve ark., 1997). GFkV etmeni 1981 yilinda ilk
olarak Macaristan’da oldugu bildirilmistir (Lehoczky ve Farkas, 1981). Tiirkiye'de
Martelli (1987)’ nin yaptig1 simptomatolojik gézlemlerde flek, mantarims: odun, yaprak
kivrilma, kisa bogum hastaliklarinin oldugu rapor edilmistir.

Ulkemizde asmalarda ¢ok sayida ¢alisma yapilmis olup; Ozaslan ve Yilmaz (1995)
Guneydogu Anadolu Boélgesinde bag alanlarinda GLRaV, GFkV, GFLV ve ArMV
virislerini tespit etmiglerdir.

Kaya ve Erilmez (2014), 2007 ve 2010 yillarinda Izmir ve Manisa’da, 2009 ve 2010
yillarinda ise Canakkale ve Denizli bag alanlarindaki asma bitkilerinde DAS-ELISA
testi sonucunda GFkV, GLRaV-1, -2, -3, -4, -9, GFLV ve ArMV virtslerini tespit
etmiglerdir. PCR calismalarinda, GLRaV-1, -2, -3, GFLV ve GFkV etmenlerine ait
bantlar elde etmiglerdir.

Karadeniz (2018), Tokat ilinde yetistiriciligi yapilan {iziim cesitlerinde GFkV, GFLV,
SLRSV, GVA, GLRaV-1 ve ArMV etmenlerinin varligini serolojik olarak test etmistir.

Bu calisma ile Tokat Merkez ve ilgelerinde asmada hastaliga neden olan ArMV,
GFkV ve GSyV-1 virtslerinin varligi molekiiler olarak arastirilmis olup sonraki
yapilacak calismalara ve alinacak énlemlere karsi (viriisten ari sertifikali anac ve
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kalemlerin kullanimi, nematodlarla tasinan viriislerin nematodlar1 ile miicadele,
virisli bitkilerle temastan sonra kullanilan elbise, makas, bicak gibi aletlerin
dezenfekte edilmesi) zemin hazirlanmas1 amaclanmis ve bu calisma ile Tokat ili bag
alanlarinda serolojik olarak tespit edilmis olan ArMV ve GFkV bu c¢alismada daha
glivenilir olan molekiiler yéntemlerle tanisi yapilmigtir.

MATERYAL ve YONTEM

Materyal

Calismanin ana materyalini Tokat merkez ve ilgelerindeki bag alanlarindan (2018/52)
no’lu BAP projesi kapsaminda viriis belirtisi gésteren bitkilerden toplanan 196 asma
ornegi, viruslere spesifik primerler, molekiiler analiz cihazlari ve kimyasal maddeler
olusturmaktadir.

Cizelge 1. Calismada kullanilan bitki sayilar: ve alindiklar: yerler
Tablel. Plant numbers used in the study and collected location

YER BITKI SAYISI
MERKEZ 47
ERBAA 48
NIKSAR 21
PAZAR 80
TOPLAM 196
Yontem

Komplementer DNA (cDNA) sentezi

RNA izolasyonu yapilan orneklerden elde edilen RNA’lar kullanilarak tamamlayici
DNA (cDNA) sentezi gerceklestirilmistir. cDNA sentezi yapilirken ependorf tiipler
icerisinde 2 pl toplam RNA, 1ul random hekzamer primer (5-d(NNNNNN)-3'N = G, A,
T veya C) (10umol) ve 7 pl distile su ile karistirlmistir. Karisim 65°C’de 5 dakika
inklibasyondan sonra buz iizerine alinmig ve 3 dakika buzda bekletilmistir. Tiiplerin
icerisine 4 pl MMLV buffer (5X), 0.2 mM dNTP (25 mM), 0.5 ul random hekzamer
primer (10 pmol), 0.25 ul RNAse inhibitér (10u ul1), 0,25 ul Reverse transkriptase (20-
20u pl'?) ve distile su bulunan karisimdan 10 pl ilave edilerek her bir tiip 20 pl'ye
tamamlanmigtir. Tipler daha sonra thermocyler cihazinda 25°C’de 5 dakika, 42°C’de
60 dakika ve 72°C’de 10 dakika inkube edilerek cDNA sentezi gerceklestirilmigtir.

RT-PCR Yo6ntemi

ArMV, GFkV ve GSyV-1 virusleri i¢in ilk agsamada elde edilen cDNA’lar kalip olarak
kullanilarak PCR islemi yapilmigtir. PCR karisimi i¢in; 5,4 pl d2 H20, 2,5 ul 10X Taq
Buffer (Fermantas), 0.5 pl ANTP (10 mM), 1,5 ul MgCl2 (25 mM), viriise 6zgii 0,25 pl
primer cifti (her biri 10 pmol pl'1), 0,125 ul Taq-DNA polymerase (5u pll) ve 2 ul cDNA
olacak gekilde hazirlanmigtir.
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Cizelge 2. Calismada virtslere spesifik olarak kullanilmis primerler ve baz dizilimleri
Table 2. The spesific primers used in the study and bases

Hedef Baz
Virus/Primer Primer Dizilimi Uzunlugu Referans
GFkV-6351F  CTCTCCGCCTCGTCTGATGA Naidu ve
GFkV-7064R  TCGGTTCATGACGAGGGAGT 714 bp Mekuria 2010
ArMV-F TTGGCCCAGATATAGCGTAAAAAT .
5191 MacKenzie ve
ArMV-R CAGCGGATTGGGAGTTCGT P ark., 1997
GSyV-1-F TGTCGACGCTCCAATGTCTGA Mekuria ve
GSyV-1-R CATTGCTGCGCTTTGGAGGCTTTA 611bp Naidu 2010

ArMYV ve GFKV i¢in PCR doéngiileri ayni olup; 94°C 2 dk 6n denatiirasyon igleminin
ardindan 94°C’de 30 saniye, 50°C’de 45 saniye ve 72°C’de 60 saniye olacak sekilde 35
donguyt takiben 72°Cde 5 dakika bekletilerek amplifikasyon iglemi
gerceklestirilmigtir.

GSyV-1 igin ise; 94°C’de 5 dakika 6n denatiirasyondan sonra 35 dongii 94°C ‘de 45
saniye, 56°C ‘de 45 saniye, 72°C’de 45 saniye ve son olarak 72°C’de 7 dakika bekletilerek
amplifikasyon igslemi gerceklegtirilmigtir.

Agaroz Jel Elektroforez Caligmalar:

Virtslere spesifik primerlerle yapilan PCR sonucunda elde edilen PCR triinleri %1.2
oraninda hazirlanan, igerisinde 10 mg ml! ethidium bromide bulunan agaroz jelde 100
V'da 1 saat elektroforez islemine tabi tutulmustur. Elektroforez islemi sonunda
goriintileme cihazinda gérintiileme islemi yapilmistir.

BULGULAR ve TARTISMA

Tokat merkez ve ilgelerindeki bag alanlarindan (2018/52) no’lu BAP projesi kapsaminda
viriis belirtisi gosteren bitkilerden toplanan 196 asma oOrneginden RNA izolasyonu
yapilmis ve RT-PCR yontemi ile, ArMV, GFkV ve GSyV-1 viriislerinin varlig1 tespit
edilmigtir.

Calisma kapsaminda Tokat ili merkez ve il¢elerindeki bag alanlarinda ki virtislerin
belirlenmesi i¢in yapilan RT-PCR’a ait sonuglar Resim 1 ve Cizelge 3’te verilmistir.
Tokat Merkez'den alinan 47 érnekten 1 tanesinin (%2.1) GFkV ve3 tanesinin (6.3)
ArMV ile enfekteli oldugu tespit edilmis olup Merkez'den alinan érneklerde GSyV-1
etmeni ile enfekteli asmaya rastlanmamistir (Resim 1a). Erbaa ilcesinden alinmis olan
48 érnekten 8 tanesinin (%16.6) ArMV ile enfekteli oldugu tespit edilmis olup, GFkV ve
GSyV-1 etmenleri ile enfekteli bitkiye rastlanmamigtir. Niksar ilgesinde alinan 21
ornekten 3 tanesinin (%14.2) ArMV, 5 tanesinin (%23.8) GSyV-1 ile enfekteli oldugu
tespit edilirken GFkV etmeni ile enfekteli bitkiye rastlanilmamistir (Resim 1b). Pazar
ilcesinden alinmis 80 6érnekten 4 tanesinin (%5) ArMV, 8 tanesinin (%10) GSyV-1 ile
enfekteli oldugu tespit edilmis olup GFkV etmeni ile enfekteli bitkiye rastlanmamigtir
(Cizelge 3).



KILINC ve TOPKAYA / Turk J. Agr Eng Res (TURKAGER), 2020, 1(2), 466-474 471

Sekil 1. Baz1 PCR testlerinin jel goriintiileri. (a) GFkV ile enfekteli Tokat Merkez
1zolatina ait jel gériintiist. L:ladder; 9: GFkV pozitif 6rnek,;1-8,10-19: Negatif 6rnekler.
(b) GSyV-1 ile enfekteli izolatlara ait jel goriintiisii. 4,6,17: GSyV-1 pozitif 6rnekler
Figure 1. Gel images of some RT-PCR tests. (a) Gel image of Tokat Merkez isolate
Infected with GFkV. L: Ladder; 9° GFkV pozitive sample; 1-8,10-19: Negative samples.
(b) Gel image of isolates infected with GSyV-1. 4,6,17: GSyV-1 pozitive samples.

Cizelge 3. Ilgelere gore test edilen virtislerin dagilimi
Table 3. Range tested of viruses according to districts

Pozitif Ornek Negatif Ornek

YER ArMV GFkV GSyV-1 Sayis: Sayist
MERKEZ 3 1 - 4 43
ERBAA 8 - - 8 40
NiKSAR 3 - 5 8 13
PAZAR 4 - 8 12 68
TOPLAM 18 1 13 - -

% %9.2 %0.5 %6.6

Tokat merkez ve ilgelerinden alinmig 196 6rnek ArMV, GFkV ve GSyV-1 RT-PCR
yontemleri ile test edilmistir. RT-PCR testleri sonucunda, sirasi ile ArMV (%9.2), GSyV-
1 (%6.6), GFkV (%0.5) tespit edilmistir. ArMV Merkez ve tiim ilcelerde, GSyV-1 Niksar
ve Pazar ilcelerinde GFkV ise sadece Merkezde saptanmistir. Calisma sonucunda en
cok goriilen viriis etmeni ArMYV iken en az saptanan ise GFkV olmustur. Bu ¢alisma ile
Tokat ilinde GSyV-1'nin varligi ilk kez molekiiler yontemlerle tanilamasi yapilmistir.
Tokat ili Tokat merkez ve ilgcelerinde bag alanlarinda ArMV, GFkV ve GSyV-1
etmenlerinin varligina yonelik yapilan bu ¢alismada %9.2 oranla en fazla bulunan viriis
ArMv olarak belirlenmistir. Ulkemizde ArMYV ile yapilan calismalara baktigimizda,
Ozaslan ve Yilmaz (1994) Giineydogu Anadolu bélgesinde bag alanlarindan alinan
orneklerde yaptiklar1 ELISA testleri ve biyolojik indeksleme ¢alismalar1 sonucunda
ArMYV virtsinu tespit ettiklerini rapor etmiglerdir. Benzer sekilde Kaya ve Erilmez
(2014) Izmir ve Manisa illerinde bag alanlarda ki viriisleri belirlemek amaciyla
yaptiklar1 serolojik testler sonucunda Izmirde %7.79 ve Manisa’da %2.16 ArMV
enfeksiyonu oldugunu rapor etmiglerdir. ArMv asmalar yaninda zeytinde ve giilde de
enfeksiyon yapmaktadir. Hatay ili zeytinliklerinde ArMV enfeksiyonlar: belirlenmigtir
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(Caglayan ve ark., 2004). Erilmez ve Erkan (2014) 2009 ve 2010 yillar1 arasinda Aydin,
Balikesir ve Izmir illerinde zeytin yetigtiriciligi yapilan iretim alanlarinda DAS-ELISA
sonuglarina gore; %12.80 oraninda ArMV oldugunu bildirmiglerdir. Isparta ili yaghk
gl plantasyolarindan alinan érneklerde DAS-ELISA testi sonucunda %51.8 oraninda
ArMV’e rastlanmistir (Yardime: ve Culal, 2009).

Calismamizda %6.6 oraninda GSyV-1 etmenine rastlanmigtir. GSyV-1 son yillarda
syrah lzim cesitlerinde geriye 6lim ile iligkilendirilen yeni bir viriis olarak rapor
edilmistir (Al Rwahnih et al., 2009). Ulkemizde GSyV-1 etmeninin varlig ilk olarak
Caglayan ve ark. (2017) tarafindan Antep Karas1 ve Syrah cesitlerinde bildirilmistir.
Daha sonra Serce Ulubas (2018) tarafindan yapilan calismada Tiirkiye baglarinda
%5.17 oraninda GSyV-1 varlig1 rapor edilmigtir. Ulkemizde GSyV-1 ile ilgili az sayida
calisma yapilmigs olup Tokat ilinde viriisin varligi ilk kez calismamizda tespit
edilmistir. Virtis Niksar ve Pazar ilgelerinde bag alanlarinda %6.6 oraninda
bulunmustur. Son yillarda Tokat ilinde bagciliga ragbet artmig olup yeni bag
tesislerinin orani yildan yila artmaktadir. Baglarda GSyV-1 yeni tanilanan bir etmen
olmas1 dolayisiyla etmenin teshisi yapilmamakta ve yeni liretim materyali celiklerle
etmen yeni alanlara da bulagsmaktadir.

Caligmamizda en diigiik oranda GFkV (%0.5) etmenine rastlanmigtir. Ulkemizde
GFkV ile yapilan ¢alismalara baktigimizda, Manisa (185 érnek), Izmir (154 6rnek),
Canakkale (22 6rnek) ve Denizli (19 6rnek) illerinde bag alanlarda ilkbahar déneminde
alinan o6rnekler sirasiyla %3.78, %1.94, %19, %15.8 oraninda GFkV ile enfekteli
bulunmustur (Kaya ve Erilmez, 2014). Koklii ve ark. (1998) Trakya bélgesi baglarinda
Fleck viriisiiniin varligini bildirmislerdir. Cigsar ve ark. (2002), Giineydogu Anadolu
Bilgesinde (Adiyaman, Diyarbakir, Mardin, Sanlurfa, Elazg) ve I¢ Anadolu
Bolgesinde (Nevsehir) viriis ve viriis-benzeri hastaliklar: belirlemek amaciyla siirvey
calismalar: gerceklestirmislerdir. Calisma kapsaminda 535 6rnegin 296'sinin (%55.3) 1
veya birden fazla viriis ile infekteli oldugunu bildirmislerdir. Test ettikleri érneklerin
%7.1” inde GFkV ve %1'den daha dusiik oranlarda da ArMV etmenlerinin varhgim
rapor etmiglerdir.

Tokat ilinde daha énce serolojik olarak (DAS-ELISA) yapilan calismalarda toplanan
orneklerde (298 6rnek) %5.7 ArMV ve % 0.7 GFkV oranlarinda viral etmenlerin varlig
tespit edilmistir (Karadeniz ve ark., 2018). Molekiiler olarak yaptigimiz bu ¢alismada
da ArMV ve GFkV i¢in benzer sonuglar elde edilirken GSyV ¢aligmamiz ile Tokat ilinde
ilk defa belirlenmistir.

SONUC

Dinyada pek ¢ok kiltiir bitkisinde bulunan ve 6nemli él¢tide liriin kayiplarina sebep
olan virtisler ile dogrudan micadele yontemi, bitkilerde zarara neden olan diger
etmenlerin aksine bulunmamaktadir. Zararlar: da nicel ve nitel olarak senelik veya ¢ok
senelik bitkilerin triinlerine yansir. Asma bitkisi gibi ¢ok yillik kiltir bitkilerinde bu
zarar her yil devam ederek gideceginden dikimden 10-20 yi1l sonra bile kendisini
gosterir. Tiurkiye'de bagcilik tarimsal bir is kolu olarak 6nem arz etmekte ve bitkisel
tiretimde 6nemli bir paya sahip olmaktadir. Uziim tiretiminin yani sira taze ve
salamuralik asma yapragina olan talep giderek artmaktadir. Asma yapraklar: Tokat
Merkez, Erbaa ve Niksar ilgelerinde salamura yapiminda kullanilmakta ve bu
bélgedeki insanlarin 6nemli gelir kaynagini olusturmaktadir. S6z konusu virisler
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meyvede olusturdugu zararlarin yani sira asma yapraklarinda deformasyonlara ve
yaprak kalitesinin diismesine neden olmaktadir.

Bu nedenle viriis hastaliklar: ile miicadele, bulagsma ve yayilmay: 6nleyici tedbirlere
dayanmaktadir. Dayanikli ¢esit kullanmak en etkili yontemdir. Bag tesisleri yapiminda
sertifikali ve virtisten ari celiklerin kullanilmasina 6zen goésterilmelidir. Ureticiler
sertifikali asma fidani kullanma konusunda bilin¢lendirilmelidir.

Vektorler ile yayilan viris tirlerine kars1 vektér populasyonunu distiriicii 6nlemler
alinmalidir. ArMV etmeni nematod vektorler ile (Xiphinema diversicaudatum, X. coxi,
X. bakeri) tasindiklar: icin bu nematodlarin bslgede varligi arastirilmali ve miicadelesi
yapilmalidir. Dolayisiyla viriislerin yayilmasini 6nlemede en etkili yontemlerden birisi
de vektorlerle miicadelenin iyi yapilmasidir. Ayrica yabanci otlar, viriislerin kiltiir
bitkileri disinda c¢ogalmasi ve barinmasi1 i¢in alternatif konukgulardir. Tarim
alanlarinda iyi bir yabanci ot kontroli viriis hastaliklar: ile miicadele i¢in 6nemlidir

CIKAR CATISMASI

Yazarlar olarak, ¢alismanin planlanmasi, yiritilmesi ve makale olarak yazilmasi
konusunda herhangi bir ¢cikar ¢atigsmasi igerisinde olmadigimizi beyan ederiz.

YAZAR KATKISI

Vildan Kiling: Makalenin laboratuvar calismalarinda ve yazim asamasinda,
Serife Topkaya: Makalenin planlanmasinda, laboratuvar g¢alismalarinda ve yazim
asamasinda katki saglamigtir.
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DUZELTME:

Turkish Journal of Agricultural Engineering Research (TURKAGER) derginin birinci
cildinin birinci sayisinda yer alan “YUZBASIOGLU R, KAPLAN E (2020). Manisa Ili
Salihli Ilcesindeki Tiketicilerin Tibbi Aromatik Bitki Tiketim Faktorlerinin
Degerlendirilmesi (Adacayr Ornegi). Turkish Journal of Agricultural Engineering
Research (TURKAGER), 1(1): 63-73 referansl makalede yazarlar tarafindan SONUC
bélimiinde basim hatasi oldugu ifade edilmistir. Yapilan hatadan dolay:r hem dergi
yonetimi olarak hem de yazarlar olarak okuyuculardan 6ziir diliyoruz.

Ilgili makalede yer alan ve hatali olan SONUC bélimiintin diizeltmesi agagiya
sunulmusgtur.

SONUC

Turkiye’de son zamanlarda uretimine o6nem verdigi ve tarihi boyunca cesitli
nedenlerden dolay1 tibbi ve aromatik bitki tiikketimi s6z konusudur. Tirkiyenin ve
bélgenin 6nemli iretimini yaptigi ve bolgenin biiyiik bir ¢cogunlugunun tretimini tek
basina yapan Salihli ilgesindeki tiketicilerin adacgay: tiiketim durumu ve tiiketimini
etkileyen bazi faktorler belirlenmek istenmistir.

Tuketicilerin tiketme egilimlerinden birisi olarak da tedavi amach tiketimde soz
konusudur. Tiketicilerin adacay1 bitkisini hasat vaktine dikkat etme ile tiiketimi
arasinda istatistiki olarak pozitif bir iliski oldugu yapilan analiz sonucunda ortaya
konulmustur. Yani tiiketicilerin satin alinan triniin hasat vaktine dikkat etme ile
tiketim egiliminin arttigi bu arastirma sonucu olarak soéylenebilir. Tiketicilerin
adacay1 tercih etmelerindeki en blylk etmen olarak tat oldugu goézlenmistir.
Tuketicilerin gelir ve egitim durumunun pozitif olarak tiiketimi etkiledigi ancak
istatistiki olarak anlamli olmadig1 tespit edilmistir Dolayisiyla, tiiketicilerin artik
saghk, tat, aligkanlik gibi ihtiya¢larinin daha 6n planda tutugunun bir sonucu oldugu
soylenebilir. Adagay1 tiretiminde bulunan igletmelerin tiretim sirasinda tat ve kokuya
dikkat etmeleri yani sira iiretilen Griiniin saglikli kogullarda treterek bilingli tiiketim
potansiyeli olan tiiketicilerin talebini artirmis olurlar.
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Adacay1 bitkisinin 6zellikle dig ticarette dnemli bir yere sahip olmasindan kaynakli bu
bitkinin standartlara uygun bir sekilde tretim ve pazarlama politikalarinin
geligtirilmesi, yayim calismalarinin yapilmasi gerekmektedir. Bu baglamda daha
kaliteli ve ekonomik degeri yliksek olan tirtiinlerin yetistirilebilmesine imkan saglanmig
olunacaktir. Sonug olarak ta hem tretici en fazla kar1 elde etmis olacak hem de tiiketici
daha saglikli ve kaliteli tirtin kullanmig ve tiikketmis olacaktir.



