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ABSTRACT

Objective: The objective of this study was to determine effect of different
zeolite doses on plant macro nutrient concentrations, fatty acid contents and
fruit weights of Gemlik and Manzanillo olive cultivars.

Material and Methods: The experiment was designed as randomized plots
with three replications in Gemlik and Manzanillo olive cultivars at 7x7 m
spacing. Increasing doses of zeolite (0, 500, 1000, 2000 and 3000 g tree™?) were
applied.

Results: In Gemlik and Manzanillo cultivars, the levels of N, P and Ca elements
in the leaves were found to be at sufficient levels. Also K concentration in Z3
and Z4 applicatins, and Mg concentrations in Z2, Z3 and Z4 applications were
found to be sufficient.

Conclusion: In general, fatty acid levels varied according to zeolite
applications; the order followed: oleic acid > palmitic acid > linoleic acid >
stearic acid. Gemlik and Manzanillo were included in the high class category
according to their fruit weight. The Z4 dose (3000 g tree’) was more effective in
applications.

0z
Amag: Bu arastirma, farkli zeolit dozlarinin Gemlik ve Manzanilla zeytin

cesitlerinde makro besin elementi konsantrasyonlari, yad asidi igerikleri ile
meyve agirliklari Gzerindeki etkisini incelemek igin yapiimistir.

Materyal ve Yontem: Deneme Gemlik ve Manzanilla zeytin cesitlerinde 7x7 m
araliklarda ve tesaduf parselleri deneme desenine gore Ug¢ tekerrirli olarak
kurulmustur. Artan dozlarda zeolit (0, 500, 1000, 2000 ve 3000 g agac™)
uygulanmigtir.

Arastirma Bulgulari: Gemlik ve Manzalina gesitlerinde yapraklardaki N, P ve Ca
elementlerinin seviyeleri yeterli duzeyde bulunmustur. Ayrica, K konsantrasyonu
Z3 ve Z4 uygulamalarinda, Mg konsantrasyonu ise Z2, Z3 ve Z4 uygulamalarinda
yeterli bulunmustur.

Sonug: Genel olarak zeolit uygulamalarina gore yagd asidi farkliik gostermis
olup; oleik asit > palmitik asit > linoleik asit > stearik asit sirasini izlemistir.
Gemlik ve Manzanillo meyve agirliklarina gore yiksek sinif kategorisi icerisinde
yer almistir. Uygulamalar icerisinde Z4 dozu (3000 g tree™) daha etkin olmustur..
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INTRODUCTION

Zeolite has the potency to be used within the agricultural intensification processes and agroindustry. It
is a chemical compound mainly composed by alumina-silicate with oxygen bonded and repeatedly
connected each other to make a channel and micropore cage that could be filled by metal like sodium,
potassium, calcium and magnesium as compensation of electron excess from aluminium. In general, zeolite
could be divided into two parts such as natural and synthetic zeolite. Application of natural zeolite has been
widely known for its agricultural purposes like soil improvements, fertilizing agent and medium for planting
(Cerri et al., 2016). Zeolites have three properties for agricultural purposes: 1- high water holding capacity in
free channels in soil, 2-high cation exchange capacity and 3-high adsorption capacity (Hedstrom, 2001). It
was stated that the application of volcanic zeolite tuff in olive trees (Olea europaea L.) increased shoot
length, plant height, plant weight, number of branches, number of leaves, stem diameter and shoot
diameter, leaf relative water content and leaf water potential (Al-Tabbal et al., 2020), zeolite application (5 t
ha!) increased soil moisture, fruit fatty acid composition and oil quality (Martins et al., 2022), and zeolites
(1500 kg hat) has been reported to provide significant yield increases of 31.6% and 35.5%, respectively, in
olive trees (Martins et al., 2023). Zeolite is generally alkaline reaction and when used in combination with
fertilizers it can help buffer soil pH levels, thus reducing the need for lime application (Polat et al., 2004).
Zeolite applications to soils can act as slow release fertilizers and increase water holding capacity,
improving water and nutrient use efficiency (Nakhli et al., 2017). Natural crystalline structure and
Clinoptilolite was found to be the most common natural zeolite mineral (Kurniawan et al., 2018).
Clinoptilolite-rich tuff as a soil conditioner significantly increases the yields of wheat (13-15%), eggplant (19-
55%), apples (13-38%) and carrots (63%) with the use of zeolite (Mazur et al., 1984). On the other hand,
synthetic zeolite usually used as a catalyst in the industrial commercial application such as refinery factory,
petrochemical plant and adsorption agent for gas treatment industry (Primo et al., 2014). Because of
physical and chemical properties, clinoptilolite [(Nas.K3) (AleSiz0072).24H20] is used as a slow-release
fertilizer and commonly used as growth medium (Mumpton, 1999). Zeolite is highly economical in terms of
reducing fertilizer use and preventing environmental pollution by reducing the leaching of the elements (Gl
et al., 2005). Olive (Olea europaea L.) is a plant commonly grown in the Mediterranean region. Its fruit is
used to produce oil, table olives and other by-products. The main nutrient of olive fruit is oil, predominantly
monounsaturated fatty acids. Olives are also rich in carbohydrates, vitamins and minerals (Guo et al., 2018).
The fruit of the Gemlik olive variety is black in color, for table use, and also has a high oil content of up to
29%. The Gemlik tree is generally of medium size, with a rounded crown and medium vigor (Anonymous,
2000). Manzanillo, in other words, Manzanillo cultivar is quite widespread in Spain and it is known to be
spread from Spain to entire world. Because of its superior taste, availability for cultivation and processing
techniques, Manzanillo is the most widely used green table olive. Totally because of the aroma of
Manzanillo, Spain is the largest green olive trader country of the world (Lopez-Lopez et al., 2015). The most
abundant fatty acids were stated as oleic acid (C18:1), linoleic acid (C18:2) palmitic acid (C16:0) and stearic
acid (C18:0), so these fatty acids have been identified. Oil composition and quality vary according to several
factors, such as climate conditions, harvest time and agronomic practices (Jimenez-Lopez et al., 2020).

The objective of this study was to determine the effect of different zeolite doses on plant nutrient
(nitrogen, phosphorus, potassium, calcium and magnesium) concentrations, fatty acid (linoleic acid, oleic
acid, palmitic acid and stearic acid) contents and fruit weights of Gemlik and Manzanillo olive cultivars.
Presence of zeolite resources and properties of zeolite in our country seem to be a promising sustainable
strategy to implement in olive orchards. The effects of potassium level in the structure of zeolite on olives
were tried to be tested.

MATERIALS and METHODS

The study was conducted during two successive years (2011-2012) in the orchards of Ege University
Agricultural Faculty Soil Science and Plant Nutrition Department. The olive grove was 10 years old and was
established with Gemlik and Manzanillo olive cultivars at 7x7 m spacing. The experiment was designed as
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randomized plots with three replications with a single tree in each replicate. Zeolite treatments were applied
for two years. Some properties of zeolite used in the experiment pH (1:2.5 water extract)=8.19, EC (dS m?)
=0.596, Total nitrogen (N) (%) =0.016, available phosphorus (P)=1.84 mg kg?, available potassium
(K)=10403.3 mg kglavailable calcium (Ca)=3018.4 mg kg*, available magnesium (Mg)=606.0 mg kg?,
available natrium (Na)=657.6 mg kg* and particle size (mm) < 4 the properties of the zeolite used in the
experiment are as specified. Treatments were applied at 5 different doses (control (Z0); 500 (Z1), 1000 (Z2),
2000 (Z3) and 3000 g zeolite tree’! (Z4); to tree canopy projection at the beginning of February, zeolite
application doses were made according to Mumpton (1999). Nitrogen and phosphorus were used at
constant doses. Ammonium nitrate NH4sNOs (33% N) and Triple Super Phosphate (TSP) (44-46% P20s)
were used as N and P source. NH4NOs fertilizer (600 g N treel) and Triple Super Phosphate (TSP)
fertilizers (400 g P20s tree) were applied to 15-20 cm deep plow grooves and grooves were closed with a
plow. Soil analysis results for experimental olive grove are provided in Table 1.

Table 1. Analysis results of the soils where the olive varieties are grown

Cizelge 1. Zeytin gesitlerinin toprak analiz sonuglari

Properties Gemlik Manzanillo
pH 7.40 7.46
Total salt (%) 0.068 0.079
CaCO; (%) 23.91 24.62
Sand (%) 29.2 30.6
Silt (%) 32.4 29.4
Clay (%) 38.4 40.0
Texture class Clay loam  Clay loam
Organic matter (%) 2.22 2.68
Total N (%) 0.101 0.112
Available P (mg kgt) 2.10 1.71
Available K (mg kg?) 320.6 348.9
Available Ca (mg kg?) 7130 7288
Available Mg (mg kg?) 210.2 237.5
Available Na (mg kg?) 57.6 38.7
Available Fe (mg kg?) 7.3 9.8
Available Zn (mg kg?) 2.1 2.5
Available Cu (mg kgt 2.6 2.5
Available Mn (mg kgh) 14.2 16.4

Analyses conducted on leaf samples

The middle leaf pairs on nonbearing shoots were taken as leaf samples. In both years, leaf
samples were taken from all sides of the olive trees at the end of November (Jones et al., 1991). Leaf
samples were washed through distilled water, dried at 65-70°C and ground to make them ready for
analyses. Nitrogen contents were determined according to Kjeldahl method (Bremner, 1965); potassium,
phosphorus, calcium and magnesium concentrations were determined from plant extracts obtained
through dry-ashing at 500+550°C. Potassium and calcium contents were determined in a flame
photometer and Magnesium contents were determined in the Atomic Absorption Spectrophotometer
(Kacar & inal, 2008). Phosphorus content was determined calorimetrically (Lott et al., 1956). Fruit weight
was obtained as a result of average fruit weight.

Analyses conducted on olive oil

Harvesting was carried out when the color change of the fruit started in both olive varieties, and the
oil production of olive varieties reached the highest level in November (Candzer, 1991). At the harvest
season, about 1.5-2.0 kg olive samples were collected from each tree of each treatment of Gemlik and
Manzanillo olive cultivars. Fatty acid composition was determined by obtaining oil from fruit samples. The
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oil of olive fruits was extracted by cold extraction method and stored at 4°C in dark colored bottles until
the olive oil quality analysis was achieved (Kutku & Sen, 2011). Cold methylation method (IUPAC Metod
2.301) approved by International Olive Oil Council (I0OOC) was used for olive oil esterification. Oil
samples were converted into methyl esters, then fatty acid analyses (oil composition) were conducted in a
gas chromatography (Agilent Technologies, 6890N brand) device equipped with 60 m Spelco 2380 brand
capillary column (60 m x 0.25 mm i.d., 0.20 uym film thickness). Resultant peaks were identified with the
use of fatty acid standards and fractions were determined by calculating peak time and area and results
were expressed as percentage (Anonymous 1987).

Statistical analysis

Analysis of variance was used to test differences between treatment means. All statistical analyses
were conducted using SPSS statistics 20.0 software, at a probability levels of p < 0.05.

RESULTS and DISCUSSION

Leaf macro elements

In Gemlik cultivar, N contents varied between 1.89-2.00% and 1.93-2.05% in the two successive
years (Table 2).

Table 2. Effects of treatments on macro plant nutrient contents in leaves of olive varieties

Cizelge 2. Zeolit uygulamasinin zeytin gesitlerin yapragin makro bitki besin icerigine etkisi

2011 (%) 2012 (%)

™ N P K Ca Mg N P K Ca Mg

Z0 1.89+0.06 0.12b+0.02  0.81b+0.01 2.01+0.01 0.16b+0.01 |1.93+0.04 0.10b+0.01 0.82b+0.05 2.06+0.08 0.16b+0.02
Z1 1.910.10 0.12b+0.02  0.86ab+0.07 2.05+0.05 0.22ab+0.05 [1.95+0.03 0.12b+0.01 0.88b+0.04 2.06+0.08 0.20ab+0.02
Z2  1.93+0.08 0.15ab+0.05 0.87ab+0.06 2.07+0.09 0.24a+0.03 |1.99+0.09 0.17b+0.07 0.88b+0.06 2.09+0.07 0.22a+0.05

Gemlik

Z3  2.00+0.11 0.23a+0.09 0.94ab+0.03 2.09+0.08 0.22ab+0.01 [2.05+0.05 0.26a+0.06 0.94ab+0.04 2.14+0.02 0.21a+0.04
Z4  1.98+0.07 0.16ab+0.04 1.01a+0.10 2.05+0.06 0.22ab+0.03 [2.02+0.07 0.17b+0.02 1.05a+0.11 2.12+0.06 0.22a+0.03
LSD ns 0.079* 0.151** ns 0.070** ns 0.079* 0.151** ns 0.052*

Z0 1.82b+0.02 0.18b+0.02 0.84b+0.02 2.07+0.11 0.20+0.03 1.87b+0.07 0.19b+0.04 0.82b+0.06 2.11+0.10 0.18+0.01
Z1 1.82b+0.08 0.21ab+0.04 0.84b+0.12 2.06+0.03 0.22+0.06 1.91b+0.08 0.21b+0.02 0.88b+0.07 2.14+0.05 0.21+0.06
Z2 1.84bx0.08 0.21abx0.04 0.86b+0.10 2.09+0.17 0.18+0.03 1.99b+0.12 0.22ab+0.03 0.88b+0.05 2.18+0.05 0.19+0.02

Z3 1.90ab+0.07 0.23ab+0.04 1.04a+0.06 2.19+0.03 0.23+0.01 2.17a+0.04 0.22ab+0.03 0.94ab+0.04 2.13+0.04 0.22+0.03

Manzanillo

Z4 2.02a+0.06 0.26a+0.02 1.10a+0.05 2.16+0.07 0.20+0.04 2.19a+0.03 0.28a+0.04 1.05a+0.02 2.05+0.08 0.20+0.06
LSD 0.165** 0.054* 0.152** ns ns 0.165** 0.073** 0.152* ns ns

* p<0.05, ** p<0.01; T*; Treatments, ns: not significant

In Manzanillo cultivar, N contents varied between 1.87-2.02% in the first year and between 1.87-
2.19% in the second year. In Gemlik cultivar, leaf P contents varied between 0.12-0.23% in the first
year and between 0.10-0.26% in the second year. In Manzanillo cultivar, P contents varied between
0.18-0.26% in the first year and between 0.19-0.28% in the second year. Effects of zeolite treatments
on leaf potassium (K) contents were also found to be significant. In Gemlik cultivar, leaf K contents
varied between 0.81-1.01% in the first year and between 0.82-1.05% in the second year. In Manzanillo
cultivar, leaf K contents varied between 0.84-1.10% in the first year and between 0.82-1.05% in the
second year. Based on zeolite treatments, lead Ca contents of Gemlik cultivar varied between 2.01-
2.09% in the first year and between 2.06-2.14% in second year; Ca contents in Manzanillo variety
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varied 2.06-2.19% in the first year and between 2.05-2.18% in the second year. Effects of zeolite
treatments on magnesium contents of Gemlik cultivar were found to be significant. Based on
treatments, leaf Mg contents of Gemlik cultivar varied between 0.16-0.24% in the first year and
between 0.16-0.22% in the second year; Mg contents of Manzanillo variety varied between 0.18-0.23%
in the first year and between 0.18-0.22% in the second year. Zeolite applications did not have a
significant effect on the N content of the leaf in the Gemlik olive cultivar and the lowest total N
concentration in control (Z0) treatment and the highest total N concentration in Z3 treatment. In
Manzanillo olive tree total N concentrations were found to be significant (p<0.01). In both years, the
highest total N concentration was observed in Z4 treatment. Such differences in N contents of olive
leaves were mostly attributed to differences in growing practices cultivars (Fernandez-Escobar et al.,
2015). Present findings on N contents were similar with the findings obtained by Irget et al. (2010). N
deficiency level for Gemlik and Manzanillo cultivars was reported as 1.2% by Fernandez-Escobar et al.
(2009). Present values were higher than this deficiency level, thus present leaves were found to be
sufficient in N levels. According to the results obtained also between the sufficiency limits of 1.50-
2.50% indicated by Jones et al. (1991).

Effects of zeolite treatments on leaf P contents were found to be (p<0.05) significant level. Based
on zeolite treatment doses, the highest P content was observed in Z3 (0.23%) treatment of Gemlik
cultivar and Z4 (0.26%) treatment of Manzanillo cultivar. In Gemlik cultivar the lowest contents of P with
0.12% were observed in Z0 and Z1 treatments and in Manzanillo olive tree P concentration was
determined in 0.18% application of Z0. Present findings on leaf P contents were similar with the findings
of Fernandez-Escobar et al. (2015). Present values also within the limit values of 0.10-0.30% indicated by
Jones et al. (1991), thus indicated that there were not any problems in terms of P nutrition. In general,
leaf K contents increased with increasing zeolite doses. Potassium concentration was found to be
statistically significant (p<0.01) difference according to the applications. However, these differences do
not appear to be a standard increase among all applications. The highest K contents were observed in Z4
treatments of both cultivars. K concentrations below 0.4% were considered as serious deficit and above
0.8% were considered as sufficient (Fernandez-Escobar, 2007). Considering the sufficiency levels of
0.90-1.20% indicated by Jones et al. (1991), present values revealed that deficient except for doses Z3
and z4 sufficient K nutrition. Such sufficient levels were attributed to inherent K content of zeolite can be
used which hold nutrients in the root zone for plants to use when required which leads to more efficient
use of N and K fertilizers (Aghaalikhani et al., 2012). Zeolites decrease application rate of N and K
fertilizers, as they themselves are carriers of N and K fertilizers thereby increasing efficacy (Polat et al.,
2004). Zeolite application effects of leaf Ca contents were found to be insignificant. In Gemlik cultivar, the
highest Ca content was observed in Z3 treatment. In Manzanillo cultivar, the highest Ca content was
observed in Z3 application in the first year and in Z2 treatment in the second year. Present findings on
leaf Ca contents were similar with the values of Soyergin (1993), but different from the values obtained by
Ozel (2019). Present values were within the sufficiency limits of 1.00-2.00% indicated by Jones et al.
(1991). Gemlik cultivar the highest Mg concentration was determined in the first year Z2 (0.24%), in the
following year Z2 and Z4 (0.22%) application and in the manzanillo variety in the first yearZ3 (0.23%) and
in the second year Z3 (0.22%) application. The lowest Mg concentration was determined in the Gemlik
variety in Z0 (0.16%) application in both years and in the manzanillo variety in the Z2 (0.22%) application
in the first year and in the Z0 (0.18%) application in the second year, respectively. Present findings on Mg
contents were similar with the values found by Soyergin (1993), but different from the values by Toplu
(2000). Leaf Mg contents of Gemlik and Manzanillo olive cultivars were mostly within the sufficiency
levels of 0.20-0.60% indicated by Jones et al. (1991), but some samples were not found to be sufficient
(Z0) based on these values.
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Contents of fatty acids

Palmitic acid contents of Gemlik cultivar varied between 13.13-14.28% in the first year and
between 13.86-14.90% in the second year; palmitic acid contents of Manzanillo cultivar varied between
16.05-17.50% in the first year and between 16.60-18.58% in the second year. Stearic acid contents of
Gemlik cultivar varied between 3.06-4.80% in the first year and between 2.83-3.43% in the second year;
stearic acid contents of Manzanillo cultivar varied between 2.37-2.52% in the first year and between 2.36-
3.58% in the second year. Oleic acid contents of Gemlik cultivar varied between 71.84-72.47% in the first
year and between 72.02-73.84% in the second year; oleic acid contents of Manzanillo cultivar varied
between 63.53-68.16% in the first year and between 66.11-70.14% in the second year. Zeolite treatments
had significant effects on palmitic acid contents of Manzanillo cultivar. In Gemlik cultivar, linoleic acid
contents varied between 6.68-7.75% in the first year and between 7.20-9.18% in the second year. In
Manzanillo cultivar, linoleic acid contents varied between 10.25-12.08% in the first year and between
12.30-13.56% in the second year (Table 3).

Table 3. Effects of zeolite application on fatty acid compositions of olive varieties

Cizelge 3. Zeolit uygulamasinin zeytin gesitlerinin yag asidi kompozisyonuna etkisi

2011 (%) 2012 (%)
e Palmitic acid  Stearic acid  Oleic acid Linoleicacid  Palmitic acid  Stearic acidOleic acid  Linoleic acid
(C16:0) (C18:0) (C18:1) (C18:2) (C16:0) (C18:0) (C18:1) (C18:2)

Z0 13.86+1.02 3.17b+1.00 71.97£1.00 6.88+0.97 13.86+0.58 3.01+0.58 72.02+0.99 7.27b+1.00
Z1 13.13+1.00 3.64ab+1.04 72.47+1.98 6.68+1.06 14.05+0.73 3.18+0.64 72.83+1.03 7.20b+0.98

% Z2 13.91+1.02 3.28b+0.98 71.84+1.04 7.23£1.03 13.94+0.78 3.01+0.38 72.96+0.98 8.16ab+1.04
@ Z3 14.28:0.98 4.80a+0.14 72.07£2.02 6.93+0.97 14.39+1.01 2.83+0.72 73.84+1.04 8.45ab+1.05
Z4 13.73£1.01 3.06b+1.00 72.06+1.00 7.75£1.05 14.90+0.08 3.43+0.47 72.61+1.01 9.18a+0.99
LSD ns 1.278* ns ns ns ns ns 1.729*
Z0 16.83ab+0.97 2.42+0.60 66.02ab+5.02 12.08a+1.02 16.60b+0.56 2.36+0.48 66.11+1.03 12.30+1.05
Z1 16.05b+1.00 2.49+1.02 67.26ab+5.02 11.02ab+1.01 17.57ab+0.60 3.13+0.18 67.72+0.98 12.66+0.98
T% Z2 16.11b+1.02 2.39+1.04 68.16a+1.96 10.32b+1.02 17.16ab+0.60 3.08+0.05 70.14+0.95 13.56+1.01
§ Z3 17.32ab+0.98 2.37+1.00 66.83ab+0.98 10.25b+0.95 18.50a+0.49 3.58+0.64 69.02+1.00 13.33+1.06

Z4 17.50a+1.00 3.52+1.02 63.53b+3.03 12.05a+0.95 18.58a+0.50 3.45+0.59 66.31+1.12 13.13+1.03
LSD 1.369* ns 4.495* 1.717* 1.867* ns ns ns

* p<0.05, ** p<0.01; T*;Treatments, ns: not significant

Zeolite treatments had significant effects on oleic acid contents of Manzanillo cultivar. Major fatty
acids of present olive oils were identified respectively palmitic (C16:0), stearic acid (C18:0), oleic (C18:1)
and linoleic (C18:2) and (Monfreda et al., 2012), respectively. Gemlik cultivar the highest linoleic acid
contents was determined in the first year Z4 (7.75%), in the following year Z4 (9.18%) application and in the
manzanillo variety in the first year Z0 (12.08%) and in the second year Z2 (13.56%) application. The
smallest content was determined in the Gemlik variety in Z1 (6.68%) in the first year and second year Z1
(7.20%) and in the manzanillo variety in the Z3 (10.25%) application in the first year and in the Z0 (12.30%)
application in the second year respectively. Manzanillo cultivar had higher linoleic acid content than Gemlik
cultivar. There was no statistical difference between the linoleic acid values of Gemlik cultivar in 2011 and
Manzanilla cultivar in 2012. Linoleic acid value in Manzanilla cultivar in 2011 was statistically the same in Z0
and Z4 applications. Gemlik cultivar the highest oleic acid contents was determined in the first year Z1
(72.47%), in the following year Z3 (73.84%) application and in the manzanillo variety in the first year Z1
(67.26%) and in the second year Z2 (70.14%) application. The highest oleic acid content was observed in
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Z3 treatment of Gemlik cultivar with 73.84%. Only in 2011, oleic acid values were found to be statistically
significant among applications in Manzanilla cultivar. The highest oleic acid value was obtained by the
application of Z2 dose. Douzane et al. (2012) emphasized that varietal difference was an effective criterion
on oleic acid and linoleic acid (Hernandez et al., 2011). The highest palmitic acid contents were determined
in Gemlik cultivar with Z3 (14.28%) application in the first year and Z4 (14.90%) application in the second
year, while in manzanillo variety was calculated in Z4 (17.20%) application in the first year and Z4 (18.58%)
application in the second year, respectively. The smallest content was determined in the Gemlik variety in
Z1 (13.13%) in the first year and second year Z0 (13.86%) and in the manzanillo variety in the Z1 (16.05%)
application in the first year and in the Z0 (16.60%) application in the second year respectively. Manzanillo
cultivar had higher palmitic acid content than Gemlik cultivar. The highest value and smallest stearic acid
contents were determined in Gemlik variety in Z3 (4.80%) application in the first year and the lowest value in
Z4 (3.06%) application and in the second year in Z4 (3.43%) applications and the lowest value in Z3
(2.83%) application. Manzanillo variety were determining the highest value fist year Z4 (3.52%) application
and Z3 (3.58%) second year and the smallest values were determined in Z3 (2.37%) and Z0 (2.36%)
applications in respectively. Fatty acid is ordered from as oleic acid (C18:1)> palmitic acid (C16:0)> linoleic
acid (C18:2)>and Stearic acid (C16:0) respectively. Present values of Gemlik and Manzanillo oil cultivars
were within the values specified by The International Olive Council (2022) for for palmitic acid (7.00-
20.00%), stearic acid (0.50-5.00%), oleic acid (55.00-85.00%) and linoleic acid (2.50-21.00%). Oleic acid
was the highest concentration and this acid was more dominant in Gemlik oils (Kesen et al., 2017). As it
was indicated by Leon et al. (2004), fatty acids of present cultivars were ordered as oleic acid > palmitic acid
> linoleic acid > stearic acid. Oleic acid was the major fatty acid in both cultivars Menz & Vriesekoop 2010
(Gordal Sevillana Olives (Olea europaea L., cv. Gordal Sevillana), Sen & Esen Kosaran, 2021 (Olea
europea L. cv. Ayvalik Yaglik), Oleic acid (62.77-63.86%)>palmitic acid (15.90-16.51%) > linoleic acid
(12.72-14.15%)>stearic acid (4.17-4.34%) and it is observed that they are similar to the values stated by
Didin et al. 2021 (natural olive oil). Present fatty acid contents of Gemlik cultivar were similar with the values
as recommended by Yorulmaz et al. (2010) for palmitic acid (13.33%), stearic acid (2.59%), oleic acid
(72.34%) and linoleic acid (8.57%), but different from the values of Tanilgan et al. (2007) for palmitic acid
(8.1%), stearic acid (5.6%), oleic acid (81.1%) and linoleic acid (4.9%). Such differences were mainly
attributed to the differences in climate conditions, cultural practices and harvest dates (Motilva et al., 2000).
Sweeney (2005) reported major fatty acids of Manzanillo cultivar as palmitic acid (13.24%), stearic acid
(2.92%), oleic acid (72.97%) and linoleic acid (7.39%); Galeano Diaz et al. (2005) reported major fatty acids
of Manzanillo olive cultivar as palmitic acid (12.04%), stearic acid (1.98%), oleic acid (79.03%) and linoleic
acid (4.49%). Torres & Maestri (2006) reported major fatty acids of Manzanillo olives grown in Argentina as
palmitic acid (15.2-16.9%), stearic acid (1.43%), oleic acid (72.2%) and linoleic acid (8.34%). Present fatty
acid contents were somehow different from these literature findings. Nutritionally, the ratio of oleic/palmitic
acid (C18:1/C16:0) is important (Pacheco et al., 2006). Currently, oleic/palmitic acid ratio <5 is
recommended (Simopoulos, 2008). In Manzanillo olive variety the average ratios were close to this level
(about 3.56 and 4.23 respectively), but Gemlik olive variety This ratio was higher than 5 in Gemlik variety
(about 4.87 and 5.51 respectively), and other factors that influence the physical and chemical composition of
the fruit (Ghanbari et al., 2012). Olive oil composition influenced by several factors like cultivar, environment,
agronomic practices processing and storage (Guerfel et al., 2012), geographic area, maturity index, climatic
conditions (rainfall, temperature, humidity) and agricultural practices (Borges et al., 2017).

The fruit weight in Gemlik variety olive were determined to be 4.23-4.60 g in the 1% year and 4.29-
4,58 g in the 2" year and Manzanillo variety first year 4.41-4.76 g and in the second year 4.44-4.85 g. In
both varieties, the lowest fruit weight was obtained from the control (Z0) application, and the highest fruit
weight was obtained from the zeolite (Z4) application (Table 4). Fruit weight levels, measured were below
according to the (5.15-7.65 g) Ozdemir et al. (2018). The following characteristics were evaluated and
classified according to Methamem et al. (2015), for fruit weight: low (< 2 g), medium (2 to 4 g), high (4 to 6
g) and very high (> 6 g). Gemlik and Manzanillo Fruits is in high group
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Table 4. Effects of zeolite applications on the fruit weights of olive varieties

Cizelge 4. Zeolit uygulamasinin zeytin gegitlerin meyve agirliklarina etkisi

Gemlik (g) Manzanillo (g)
T 2011 2012 2011 2012

Z0  4.23+0.24 4.29+0.36 | 4.41+0.11 4.44+0.23
Z1  4.26x0.51 4.32+0.43 | 4.45+0.32 4.55+0.26
Z2  4.29+0.22 4.31+0.55 | 4.58+043 4.67+0.41
Z3  4.52+0.25 4.40+0.20 | 4.71+0.48 4.80+0.62
Z4  4.60+0.34 4.58+0.26 | 4.76+0.51 4.85+0.43

LSD ns ns ns ns

ns: not significant, * Treatments

CONCLUSIONS

Zeolites have the ability to retain nutrients in the topsoil. Fatty acid contents differed according to
zeolite applications and are listed as; oleic acid > palmitic acid > linoleic acid > stearic acid. The use of
zeolite in agricultural production has increased. Depending on the soil, climate and growing conditions, the
application of zeolite together with chemical fertilizers may have a more beneficial effect on the soil and
plant. Due to its slow release fertilizer feature, the applications to be made for the effect of zeolite should be
done for many years and it will be more beneficial to apply it on different plants. The dose of zeolite Z4
(3000 g tree™?) application is recommended according to the fruit weight values of olive cultivars.
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ABSTRACT

Objective: The objective of this study was to assess the performance indicators
for 2006-2017 years. Hence for a better Management-Operation-Maintenance
organization, irrigation management efficiencies of 23 groundwater irrigation
cooperatives located in Aydin was used. .

Materials and Methods: The indicators chosen from comparative performance
evaluation set by FAO and IPTRID were used in this study for the evaluation of
the efficiency of irrigation cooperatives.

Results: Main findings of this study indicated that the values of the indicators
varied as follows; irrigation ratio 7-94%, cost recovery ratio 53-146%, irrigation
water fee collection efficiency 70-91%, maintenance costs to total revenue ratio
4-104%, total MOM costs per unit area 102.2-1103.7/ha, number of staff
employed per irrigation area 26.5-316.9 ha/person, total costs per staff
employed in irrigation area varied between 2013-11996 $/ person.

Conclusion: In order to bring solutions to the main problems of irrigation
cooperatives which creates benefits to the irrigated agriculture in the region;
operation management and maintenance organizations should be better
fulfilled, participatory management should be encouraged, support and credit
systems should be re-arranged. Also, supporting irrigation services by irrigation
credits with lower interest rates or providing costless would be a solution.

0z
Amagc: Aydin ilinde bulunan 23 adet yeralti sulama kooperatifinin sulama
yonetim etkinlikleri 2006-2017 yillar icin gesitli performans gdstergeleriyle

incelenerek, Isletme-Bakim-Yénetim organizasyonunun gelistiriimesine yénelik
bazi 6nerilerde bulunulmasi hedeflenmisgtir.

Materyal ve Yontem: Sulama  kooperatiflerinin  performanslarinin
degerlendiriimesinde; FAO ve IPTRID tarafindan gelistiriimis olan karsilastirmali
degerlendirme rehberindeki géstergeler kullaniimistir.

Arastirma Bulgulari: Bu arastirma sonucunda; sirasiyla sulama orani %7-94,
yatirmin geri donlsim orani %53-146, su Ucreti toplama etkinligi %70-91,
bakim masrafinin gelire orani %4-104, birim alana disen toplam isletme-bakim-
yonetim masrafi 102.2-1 103.7 $/ ha, birim alanda g¢alistirilan personel sayisi
26.5-316.9 ha/personel, su dagitiminda galigtirilan her bir kisi basina toplam

masraf ise 2 013-11 996 $/kisi dederleri arasinda degistigi saptanmistir.

Sonug¢: Bodlgede sulu tarim agisindan blyik ©6neme sahip olan sulama
kooperatiflerinde tespit edilen problemlerin ¢6zimine yonelik olarak isletme-
bakim-yénetim ve denetim mekanizmalarinda 6zen gosterilmesi, katilimci
sulama ydnetimi anlayisinin benimsenmesi, kredi ve destek sistemlerinin revize
edilmesi, bazi hizmetlerin hibe yoluyla verilmesi, dlsuk faizli sulama kredileriyle
temel sulama hizmetlerinin desteklenmesi ve mevcut uygulamaya konan
desteklerin de surdirilmesi gerekmektedir.
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INTRODUCTION

The importance of water, one of the most vital inputs of the agricultural sector, is increasingly
understood. The main reason for this situation is that the already scarce water resources become even
more valuable with the effect of global climate change. Akyuz & Atis (2023) emphasized the importance
of creating applicable policies in the agricultural sector by giving more importance to environmental
problems such as climate change. With the increasing demand for water, which is a natural resource that
is decreasing in quantity and increasing in value, a competition between agricultural, industrial and
drinking-use water users has emerged and water, which is of great importance in meeting the basic
needs of people, has become a valuable commercial good. The world population is estimated to exceed
9.5 billion by 2050. Therefore, it is clear that the pressure that the increasing population will create in the
future will affect the quality and quantity of water resources. Therefore, when planning water use in the
agricultural sector, it is of great importance to manage it in an integrated manner along with other water-
using sectors (Bouwer, 2003; DSI, 2016).

The concept of "Participatory Irrigation Management" was first introduced by the World Bank. In
accordance with the practices in the world, the process of restructuring in the irrigation sector started in
Turkiye in the 1990’s. This understanding is based on the pricing of irrigation services through the loading
of the services and investments carried out by the state in the irrigation sector to the water user. With the
transfer of irrigation facilities, water users who benefit from this facility and infrastructure pay the water fee
to organizations that provide irrigation services in return for management-operation-maintenance (MOM)
costs (Akilli, 2011; Kasalak et al., 2012).

State Hydraulic Works (DSI) completes the construction and transfers the responsibility of the
irrigation systems, it undertakes to the irrigation union, irrigation cooperative, municipality and village legal
entities. The fact that producers can receive irrigation services more regularly with the transfer process
has accelerated the process of transferring the responsibility for irrigation management from the public
institution to irrigation organizations (DSI, 2018).

Irrigation Cooperatives were established in Turkiye in 1966 in accordance with the Cooperative
Law No. 1163. Irrigation cooperatives are non-governmental organizations with variable capital and
variable partnerships established by public legal entities, municipalities, villages, associations and private
administrations. The purpose is to provide financial benefits to their partners and to protect the interests
of the partners by providing mutual assistance, solidarity and surety. In this context, irrigation
cooperatives are responsible for the construction, operation, maintenance and repair of irrigation facilities
required for the proper distribution of irrigation water to be used from the irrigation infrastructure that has
been completed with public resources and, in the case if it is necessary, to carry out land consolidation
activities (Ciftci et al., 2012).

Raising awareness of farmers about irrigated agriculture, requesting the construction of an
irrigation system in the region, and adopting the concept of participatory irrigation is an important stage in
the implementation of irrigated agriculture projects. Groundwater Irrigation (YAS) Cooperatives can be
shown as one of the best examples of this (Anonymous, 2018). Irrigation projects using groundwater are
divided into two as State Funded Projects and Public Irrigation. State-backed irrigation projects are
designed in three different ways: Public Groundwater Irrigation, DSI Groundwater Irrigation, and
Groundwater Irrigation Cooperative (DSI, 2018).

After the implementation of YAS projects in Turkiye, the most significant developments were
achieved by irrigation cooperatives and the share of cooperative irrigation reached 75% in total groundwater
irrigation. Among all the areas opened by DSI for irrigation, YAS cooperatives have a share of
approximately 16%. A total of 1 456 irrigation cooperatives in operation are mostly located within the
borders of izmir, Konya, Samsun, Edirne Isparta, Kayseri and Eskisehir provinces. In this process, the
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transfer of YAS projects completed to irrigation cooperatives is carried out within the scope of Law No.
6200 (DS, 2018).

Performance assessment studies were carried out in irrigation systems in order to determine to
what extent the planned targets were achieved in irrigation projects (Beyribey et al., 1997). Therefore,
irrigation targets should be set at the beginning, and then the efficiency of the system should be
evaluated (Nalbantoglu & Cakmak, 2007). With some improvements in irrigation networks, performance
will be improved; however, by saving water, efficiency will increase and some negative environmental
effects that may occur with irrigation activities can be minimized (Lencha, 2008). In order to determine the
irrigation management performance of irrigation cooperatives, some studies conducted by Siheri &
Topak (2005), Yercan et al. (2009), Sayin (2011), Ozkan et al. (2012), Demir & Topak (2015), Cin &
Cakmak (2017), Fisekgioglu (2018), Cengiz & Ugar (2018), Tagpinar (2018).

In this study, the efficiency status of 23 YAS cooperatives operating in Aydin province was
evaluated with various performance indicators for the years 2006-2017. Some suggestions have been
made to improve irrigation system performance in cooperatives and to provide a better Operation-
Maintenance-Management organization.

MATERIALS and METHOD

Material

In this study, the irrigation activities of 23 groundwater irrigation cooperatives located in Aydin
province in the Buyiuk Menderes Basin for the years 2006-2017 were assessed. The locations of the
irrigation cooperatives evaluated in the study are depicted in Figure 1.
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Figure 1. Location of irrigation cooperatives in Aydin.

Sekil 1. Aydin ilinde faaliyet gésteren sulama kooperatiflerinin konumu.

Aydin province is located in the Blyik Menderes Basin, which is formed by the Bliylik Menderes
stream and side streams that give the basin its name. The basin, which has fertile plains in the central
and western parts, is surrounded by mountains from the north and south. The basin has a typical
Mediterranean climate. Agriculture is carried out in an area of 363 215 ha (45.3%) of Aydin province.
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Aydin province, which have a high potential in every branch of agriculture, is very suitable for agricultural
production with its topographic structure, climate and ecological features. The plant pattern of the
province dominantly consists of cotton, corn, olives and figs (Anonymous, 2013; Anonymous 2018). The
average temperature is 17.8°C, the annual total precipitation average is 621.3 mm, the average relative
humidity value is 61.2%, and the average total evaporation value is 1493.5 mm (DMI, 2019).

Some basic information about the cooperatives evaluated in the study is tabulated in Table 1.

Table 1. Information about the irrigation cooperatives located in Aydin

Cizelge 1. Aydin ilinde faaliyet gésteren sulama kooperatiflerine iliskin bazi bilgiler

Irrigation Cooperative  District Established Number of Number Irrigation

Date partners of wells area (ha)

Dalama Efeler 12.02.1991 334 3 110
Mesutlu Efeler 27.07.1971 131 - 350
Kizilcakdy Efeler 07.09.1995 241 4 200
Olukbasi Bozdogan 27.11.2002 75 - 125
Buharkent Buharkent 10.11.1997 76 - 80

Savcilh Buharkent 20.11.1997 64 - 50

Feslek-Gelenbe Buharkent 06.05.2013 92 5 400
Balat Didim 13.10.2011 26 - 120
Ataeymir Karacasu 14.07.1978 454 9 900
Palamutguk Karacasu 16.07.1990 232 2 180
Geyre Karacasu 02.10.1996 98 5 180
Kirazl Kusadasi 14.07.1995 179 2 130
Yore Kuyucak 12.05.1975 63 3 150
Cobanisa Kuyucak 27.02.1992 142 - 315
Bucak Kuyucak 06.10.1992 119 - 120
Beseylul Kuyucak 27.09.1995 168 4 210
Horsunlu Kuyucak 30.11.1995 146 4 240
Gencelli Kuyucak 12.09.2007 28 5 530
Kestel Nazilli 15.01.1968 360 4 350
isabeyli Nazilli 11.07.1990 43 2 75

Bozyurt Nazilli 27.01.1998 74 3 100
Demirciler Nazilli 19.03.2008 173 2 150
Yuvaca Soke 16.07.1974 61 4 180
Sultanhisar Sultanhisar 13.01.1975 652 18 735
Atca Sultanhisar 08.08.1975 865 19 470

Method

In this study, the temporal change of irrigation performance of 23 irrigation cooperatives in Aydin
province between 2006-2017 was examined. In the evaluation of the efficiency of the irrigation
cooperatives examined, the Irrigation Ratio indicator revealed by (Rao, 1993) was used. Six of the
performance indicators proposed in the comparative evaluation indicator set, which was put forward
jointly by IPTRID (International Programme for Technology and Research in Irrigation and Drainage) and
FAO (World Food and Agriculture Organization), were used (Malano & Burton, 2001). The equations
used to calculate the are given below.
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Irrigation ratio (%)

__ Irrigated area (ha) % 100 (1)

- Irrigation area (ha)

Irrigation water fee collection performance (%)

Total revenue collected from water users (TL)

WECP =

x 100 2

Total service revenue due (TL)

Cost recovery ratio (%)

Total revenue collected from water users (TL)

CRR = SO X 100 (3)
Total management operation maintenance cost (TL)
Maintenance cost to revenue ratio (%)
MCRR = Total maintenance expenditure (TL) % 100 (4)
Total revenue collected from water users (TL)
Total MOM Cost per unit area ($/ha)
TCPA = Total 1\.40M. expenditure ($) (5)
Irrigation area (ha)
Irrigation area per staff (ha/staff)
SN = Irrigation area (ha) (6)

~ Total staf f number (staff)

Total cost per person employed on water delivery ($/ person)

TCEWD = Total cost of MOM personnel ($) (7)

Total number of MOM personnel employed(person)

The data required for the calculation of the indicators were obtained from the records of the
relevant irrigation cooperatives.

RESULTS AND DISCUSSION
Irrigation ratio

The results of the irrigation ratio values of the cooperatives evaluated in the study are given in
Table 2. In this study, assessment was made for a 12-year period covering the years 2006-2017. The
irrigation ratio values of the cooperatives variedly between 7-94% for the 12-year period. The lowest
irrigation ratio was found to be 7% in Mesutlu Irrigation Cooperative and the highest irrigation ratio was
94% in Atca Irrigation Cooperative.

The irrigation ratios of the irrigation cooperatives evaluated fluctuate from one year to another except
Kizilcakdy Irrigation Cooperative since the value of 100% has been reached. In Atga Irrigation Cooperative,
it was determined that the highest irrigation rate reached 94% in terms of average values. In other
cooperatives examined, irrigation rates were observed to be well below the targeted value. This situation is
thought to be caused by administrative problems of the cooperatives related to irrigation management. In
addition, it has been determined that the irrigation ratios are low in some cooperatives, which are known to
have poor cooperative-partner relations. Among the cooperatives evaluated, the Mesutlu Irrigation
Cooperative can be shown as an example of this situation. The low rate of irrigation in the Mesutlu Irrigation
Cooperative can be explained by the fact that the partners do not have a demand for water from the
cooperative. The main reason for the high irrigation rate in Atga and Sultanhisar Irrigation Cooperatives can
be explained by the fact that strawberry production is quite common in these regions by using pressurized
irrigation systems and that strawberries can be marketed at a high price as an important export product.
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Table 2. Irrigation ratios of the irrigation cooperatives (%)
Cizelge 2. Sulama kooperatiflerine ait sulama orani degerleri (%)

Irrigation Years AV
Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 g-
Dalama 79 59 74 68 60 59 62 64 66 74 83 87 70
Mesutlu 6.5 5 7 6 4 5 4 10 12 15 * * 7
Kizilcakdy * 36 48 48 54 68 100 100 96 97 81 84 74
Olukbas! 52 44 53 72 60 54 70 72 68 75 80 83 65
Buharkent 87 55 86 95 89 88 91 90 89 93 82 75 85
Savclilli 87 77 85 83 80 86 90 91 87 83 43 78 81
Ataeymir 61 54 97 86 57 89 89 89 92 90 95 84 82
Palamutguk 56 44 97 82 56 69 69 73 74 85 88 90 74
Geyre * * 63 42 17 42 44 53 49 53 64 80 51
Kirazli 48 58 69 73 75 85 88 91 84 68 65 82 74
Yore 60 47 86 65 60 63 90 88 92 95 97 91 78
Cobanisa 54 28 63 56 51 60 73 77 83 48 87 92 64
Bucak 96 88 92 75 13 * * * * * * * 73
Beseylil * 17 88 82 59 51 89 81 7 65 63 64 67
Horsunlu 8 34 73 75 67 71 76 82 89 62 95 93 69
Gencelli * * 96 92 47 64 68 52 84 75 77 73 73
Kestel 57 80 66 56 61 89 83 80 82 89 92 94 77
isabeyli 29 17 29 40 17 33 33 42 38 54 62 64 38
Bozyurt 23 78 73 32 27 41 21 15 43 17 18 * 35
Demirciler * * 93 43 9 10 53 65 54 72 95 * 55
Yuvaca 83 61 72 83 83 83 83 83 83 85 71 72 79
Sultanhisar 82 72 88 82 76 68 60 68 74 87 92 86 78
Atca 95 81 99 96 95 94 96 98 98 97 92 82 94

* No irrigation

Irrigation water fee collection performance

The findings on the level of water fee collection efficiency in Aydin irrigation cooperatives from
2006 to 2017 are shown in Table 3. In irrigation cooperatives, it is very important for water users to pay
water fees in order to ensure the healthy functioning of the Management-Operation-Maintenance
activities and the financial self-sufficiency of the cooperatives.

Table 3. Water fee collection ratios of the irrigation cooperatives (%)
Cizelge 3. Sulama kooperatiflerine ait su dcreti toplama performansi degerleri (%)

Irrigation Years Avg
Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 )
Dalama 94 90 95 80 89 87 99 82 75 82 70 82 85
Mesutlu 81 73 67 74 65 75 76 72 62 58 * * 70
Kizilcakdy * 66 89 73 80 84 78 80 79 83 71 78 78
Olukbasi 85 79 89 86 80 83 84 72 68 58 63 68 76
Buharkent 89 85 90 92 94 87 81 83 72 43 78 67 80
Savcilli 81 85 86 86 92 87 89 82 75 84 72 93 84
Ataeymir 96 93 92 96 94 97 98 87 85 91 83 75 91
Palamutguk 95 85 93 91 83 69 79 83 87 79 71 82 83
Geyre * * 75 100 100 100 100 78 83 74 73 63 85
Kirazh 93 83 90 80 93 94 95 75 80 83 74 78 85
Yore 95 84 98 99 99 94 94 92 81 53 87 70 87
Cobanisa 82 77 99 81 82 95 88 75 72 82 73 79 82
Bucak 91 90 99 94 72 * * * * * * * 89
Beseylil * 78 99 95 95 94 97 86 78 73 75 76 86
Horsunlu 71 75 95 96 96 89 99 82 93 71 97 93 88
Gencelli * * 98 99 76 74 79 73 81 80 82 87 83
Kestel 91 96 97 95 93 94 97 78 88 85 82 72 89
isabeyli 67 55 63 80 73 85 86 68 62 78 72 64 71
Bozyurt 81 91 90 83 63 78 70 72 61 82 74 * 77
Demirciler * * 94 61 55 63 82 87 92 78 96 * 79
Yuvaca 81 92 91 95 86 88 94 87 83 75 78 74 85
Sultanhisar 75 77 75 85 82 83 73 80 73 68 77 81 77
Atca 94 90 95 80 89 87 99 82 75 82 70 82 80

* No irrigation
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Water fee collection performance in irrigation cooperatives in Aydin province varied between 43-
100%. When examined at the level of averages, it is seen that water fee collection efficiency in the range
of 71-91% is reached. Beyribey et al. (1997), determined the water fee collection performance in Buyuk
Menderes Basin irrigation associations as 54% for the pre-transfer period, and Ozlii (2004) determined
this value as 90% in irrigation cooperatives operating in Turkiye.

According to Vermillion (2000), water fee collection efficiency can be described as "poor" if it is
lower than 40%, "acceptable" if it is in the range of 40-60%, "satisfactory" if it is between 60-75%, and
"good" if it is higher than 75%. Dorsan et al. (2004), reported that this indicator was 100% after the
transfer in the Lower Gediz Basin irrigation networks. Sénmezyildiz & Cakmak (2013), found this value at
the level 0f100% in Eskisehir Beyazaltin village. Although the water fee collection performance was at a
good level in the irrigation cooperatives examined in the study, it was observed that the average value of
the country remained slightly below. The increase in water fee collection efficiency can be considered as
an indicator of management success in cooperatives.

Cost recovery ratio

The cost recovery ratio indicator of the cooperatives discussed in the study is given in Table 4.
With this important financial indicator, it is determined whether the irrigation fees collected in irrigation
organizations and the total expenses incurred in that year are covered or not. It was determined that the
average cost recovery ratio varied between 53-146% in cooperatives (Table 4).

Table 4. Cost recovery ratios of the irrigation cooperatives (%)

Cizelge 4. Sulama kooperatiflerine ait yatirimin geri déniisiim oranlari (%)

Irrigation Years Avg
Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 )
Dalama 137 90 146 217 218 157 210 110 85 120 89 73 138
Mesutlu 60 75 48 53 34 60 72 51 43 37 * * 53
Kizilcakdy * 141 68 56 72 106 100 61 57 53 103 130 86
Olukbas! 106 112 152 128 148 101 105 72 65 63 112 130 108
Buharkent 88 37 89 176 91 104 99 82 73 87 63 54 87
Savclilli 77 81 85 87 93 84 101 75 80 71 34 62 78
Ataeymir 102 57 120 98 127 135 99 87 85 92 68 65 95
Palamutguk 79 74 81 63 74 74 83 113 108 108 109 113 90
Geyre * * 87 67 110 55 79 54 101 68 76 50 75
Kirazli 55 42 45 70 105 121 78 94 97 81 92 79 80
Yore 125 61 112 106 76 88 74 108 127 92 119 119 101
Cobanisa 92 80 99 99 98 134 101 99 110 92 106 101 101
Bucak 115 250 146 119 101 * * * * * * * 146
Beseyll * 72 191 95 107 91 71 78 81 55 68 59 88
Horsunlu 102 101 100 73 115 105 143 124 126 107 142 118 113
Gencelli * * 100 92 73 98 97 101 92 106 124 98 98
Kestel 83 98 112 90 116 101 99 99 100 105 115 80 100
isabeyli 97 93 97 99 99 130 157 118 149 85 108 110 112
Bozyurt 57 120 71 51 53 93 29 47 66 49 55 * 63
Demirciler * * 126 57 28 106 89 42 40 119 134 * 82
Yuvaca 165 115 127 125 155 147 158 79 103 89 95 77 120
Sultanhisar 73 73 85 69 73 71 61 77 89 90 92 88 78
Atca 88 42 91 76 70 67 59 74 95 101 109 87 80

* No irrigation

This rate, which was determined by using the total operating, maintenance and management costs
of the cooperative and the total water fee collected from water users, was calculated as the lowest (29%)
in Bozyurt Irrigation Cooperative and the highest (250%) in Bucak Irrigation Cooperative on a yearly
basis. This cooperative has the highest average (146%) among all cooperatives evaluated and this is an
indication of self-sufficiency of the cooperative. The cost recovery ratio is "acceptable" between 40-60%,
"satisfactory" between 60-75%, and "good" between 75-100% (Vermillion, 2000). In this case, values less
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than 40% can be considered as an unsuccessful management indicator. It is thought that the main
reasons for this rate to be "satisfactory" and "good" in the majority of the cooperatives discussed in the
study are the volumetric pricing of the groundwater used in the research area and the timely collection of
water fees and the timely provision of irrigation services in the cooperative.

The fact that the cost recovery ratio indicator is at a good level in the irrigation cooperatives of
Aydin province, shows that the irrigation water fees collected from the producer and the total
Management-Operation-Maintenance (MOM) expenses are managed appropriately.

Maintenance cost to revenue ratio

The ratio of maintenance cost to revenue is defined as the ratio of the total maintenance cost
required in irrigation systems to the total water fee collected from water users. Or; it can be expressed as;
to what extent of the collected water fees covers the maintenance costs. Maintenance cost to revenue
ratio between 2006-2017 in irrigation cooperatives in Aydin province are given in Table 5.

Table 5. Maintenance cost to revenue ratio of the irrigation cooperatives (%)
Cizelge 5. Sulama kooperatiflerine iliskin bakim masrafinin gelire orani degerleri (%)

Irrigation Years Avg
Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 )
Dalama 10 21 7 1 6 17 16 30 45 38 51 13 21
Mesutlu 13 6 14 11 16 5 6 28 37 32 * * 17
Kizilcakdy * 3 * 12 20 1 0.6 0,1 0,02 0,1 0,2 0,02 4
Olukbasi 20 28 12 15 16 17 11 32 17 41 21 24 21
Buharkent 45 112 39 18 40 35 40 51 55 12,7 249 13,8 33
Savcllli 48 40 37 35 31 43 34 6,2 4,5 2 56 2,4 28
Ataeymir 5 15 10 10 10 5 6 23 38 42 26 47 20
Palamutguk 26 49 12 21 12 12 14 2,9 4,9 55 55 4,2 14
Geyre * * 17 54 578 81 44 6,3 45 38 60 113 104
Kirazl 8 173 66 4 5 3 25 4,7 17 1,6 * 2,6 28
Yore 3 119 26 22 42 20 21 3,9 3,6 5,4 3,4 3,2 23
Cobanisa 31 20 9 3 5 19 23 19 21 12 19 24 17
Bucak 21 7 8 40 87 * * * * * * * 33
Beseylil * 12 10 14 7 10 5 12 3,7 2 4,4 19 9
Horsunlu 15 8 34 63 17 14 2 1 6 16 6 14 16
Gencelli * * 1 8 10 1 13 93 11 7 3 19 17
Kestel 21 22 10 11 14 8 5 7 3 5 13 26 12
isabeyli 35 8 26 33 46 23 18 64 49 17 7 9 28
Bozyurt 49 17 40 62 79 10 59 55 50 186 81 * 63
Demirciler * * 12 88 83 12 9 2,9 8 5,7 11 * 26
Yuvaca 19 22 19 7 3 5 5 9.5 9 15,5 5,6 18 11
Sultanhisar 8 18 17 21 17 23 25 9 10,6 9,5 10 11,7 15
Atca 5 10 5 3 12 5 19 7,6 14 12 8 11 9

* No irrigation

Considering the average values in the research area, it was determined that the ratio of
maintenance cost to revenue varied between 4-104%. In some of the cooperatives examined, it was
determined that the collected water fees covered the maintenance costs, while in others it was partially
sufficient and there were problems in this sense in the cooperatives. The average value of 104%
determined in the Geyre irrigation cooperative shows that the share allocated to maintenance and repair
services is higher than necessary. In a study conducted in five different irrigation systems in Spain, it was
determined that the rate of maintenance cost to income was in the range of 2-13% (Rodriguez et al.,
2004). Tekiner & Cakmak (2011), stated that this indicator is between 17-156% in three different networks
in Canakkale, and Cin and Cakmak (2017), determined the rate of maintenance cost to income as 14% in
their study conducted at Beypazari Basoren Irrigation Cooperative. The high ratio of maintenance cost to
revenue indicator indicates that more than the share of maintenance and repair services is allocated in
cooperatives and shows that cooperative management should make a more accurate planning in terms of
the sustainability of the irrigation services provided.
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Total Management-Operation-Maintenance (MOM) cost per unit area

The total cost of MOM per unit area is the ratio of the cost of MOM made in that year in irrigation
networks to the irrigation area. Table 6 shows the findings obtained for this indicator in Aydin province
irrigation cooperatives between 2006-2017.

Table 6. Total management-operation-maintenance cost of the command area of the irrigation cooperatives ($/ha)

Cizelge 6. Sulama kooperatiflerinde birim alana diisen toplam isletme-bakim-ydnetim masrafi degerleri ($/ha)

Irrigation Years

Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Avg.
Dalama 519 800 609 267 253 299 245 402 493 336 318 466 417
Mesutlu 1366 1692 1608 1333 1917 1125 859 430 405 303 * * 1104
Kizilcakdy * 107 304 252 219 142 129 289 359 243 171 146 215
Olukbasi 523 569 416 506 405 442 461 205 508 314 343 272 414
Buharkent 343 937 276 243 348 291 309 557 613 261 77 711 472
Savcilli 488 511 714 567 594 604 535 845 812 660 910 1105 695
Ataeymir 149 290 156 166 114 116 151 154 131 116 171 217 161
Palamutguk 292 401 418 319 257 263 333 255 241 221 248 208 288
Geyre * * 62 90 209 106 90 140 187 162 127 172 134
Kirazh 173 377 392 249 195 184 248 222 220 159 145 258 235
Yore 158 376 404 210 302 221 281 165 174 123 168 156 228
Cobanisa 154 184 190 131 138 106 121 102 99 70 98 92 124
Bucak 178 125 287 204 94 * * * * * * * 178
Beseylil * 250 119 194 176 183 226 216 215 233 162 158 194
Horsunlu 146 171 330 253 166 153 155 110 205 160 192 188 186
Gencelli * * 252 213 26 31 32 29 178 92 102 115 107
Kestel 189 203 194 139 117 188 145 136 177 131 128 161 159
isabeyli 117 127 108 111 145 84 68 77 i 93 122 98 102
Bozyurt 120 148 235 168 106 64 185 166 50 45 53 * 122
Demirciler * * 265 283 618 192 196 544 697 198 473 * 385
Yuvaca 68 128 162 105 98 106 127 116 104 95 82 87 106
Sultanhisar 191 378 358 279 315 308 337 312 266 192 196 165 275
Atca 459 669 585 406 424 429 551 508 409 342 389 407 465

* No irrigation

Accordingly, it can be seen that the MOM expense (1104 $/ha) for the unit irrigation area in
Mesutlu irrigation cooperative is quite high on the basis of averages. Relatively low irrigation ratio is the
main reason for this situation. In Isabeyli Irrigation Cooperative, the average value of 102.2 $/ha shows
that the cost of MOM per unit area is quite low.

The total MOM cost indicator per unit area was determined to be between 22.53-108.61%/ha in
Akinci Irrigation Association (Nalbantodlu & Cakmak, 2007), 51.98 TL/ha in Eskigsehir Beyazaltin village
(S6nmezyildiz & Cakmak, 2013), 700 TL/ha in Beypazari Bagdren Irrigation Cooperative (Cin & Cakmak,
2017), and 81.52-141.96 $/ha in Kirikhan irrigation unit (Gengoglu & Degirmenci, 2019).

It has been determined that the cooperatives with higher values of this indicator are generally the
ones with very old irrigation infrastructure and facing management problems.

Irrigation area per staff

The average values given in Table 7, shows the change in the number of personnel per unit area in
irrigation cooperatives in Aydin province between years 2006-2017. When the values are examined, it is
seen that number of staff number per unit area varied between 26.5-316.9 ha/staff. Lower values indicate
that less staff is employed in irrigation services, while higher values show the over-employment and this
could be attributed to poor administration of the cooperatives.

According to Yercan et al., (2009), in order to qualify this indicator as appropriate, less than 3 staff
should be employed in an area of 1000 ha. Bekisogdlu (1994) stated that it is sufficient for an irrigation
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staff to provide service on an area of 333 ha. Ko¢ et al. (2009), conducted a study to determine the
optimum number of staff to serve in Blylk Menderes Basin irrigation units and they determined that this
value should be between 137.61-287.83 ha/staff. When the values obtained in the cooperatives in the
research area were examined, it was found that excessive staff were employed in the Gencelli irrigation
cooperative, but the number of staff in other cooperatives was consistent with the number as proposed by
Kog et al., (2009) for Buyuk Menderes Basin irrigation schemes.

Table 7. Irrigation staff per unit irrigation area in the irrigation cooperatives (ha/staff)

Cizelge 7. Sulama kooperatiflerinde birim alana diisen personel sayisi (ha/personel)

Irrigation Years

Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Avg.
Dalama 87 65 81 75 66 65 68 35 36 405 455 48 59.3
Mesutlu 23 18 26 21 15 18 15 35 42 52.5 * * 26.5
Kizilcakdy * 72 96 96 108 136 200 200 192 194 162 168 147.6
Olukbasg! 65 55 66 90 75 68 87 90 85 93 100 104 81.5
Buharkent 69.9 43.7 68.5 75.6 71 70 72.5 72 71.2 744 328 60 65.1
Savcilli 43.6 38,5 42.6 415 40 43 45 455 435 415 215 39 40.4
Ataeymir 107.5 126.6 113.3 120 100 200 200 160 165.6 135 171 189 149
Palamutguk 100 80 175 148.2 100 125 125 1314 1332 153 1584 162 132.6
Geyre * * 113.9 75 30 75 80 95.4 88.2 954 1152 72 84
Kirazh 62 75 90 95 97 110 115 118.3 1092 884 845 106.6 95.9
Yore 90 70.8 129 98 90 95 135 132 138 1425 1455 136.5 116.8
Cobanisa 170 88 200 175 160 190 230 2425 2615 1512 274 1449 1905
Bucak 115 105 110 90 15 * * * * * * * 87
Beseylil * 35 185 173 124 108 186 170.1 161.7 1365 1323 1344 1405
Horsunlu 20 82 175 180 160 171 1825  196.8 213.6 1488 114 111.6 1462
Gencelli * * 255 245 250 340 360 275.6 4452 3975 408.1 1934 316.9
Kestel 100 93.3 76.6 97.5 1075 1033  96.6 140 1435 1038 80.5 65.8 100.7
isabeyli 21.5 13 22 30 12.5 25 25 315 28.5 40.5 46.5 48 28.6
Bozyurt 23 78 73 32 27 41 21 15 43 17 18 * 35.2
Demirciler * * 70 65 14 15 80 97.5 81 108 1425 * 74.7
Yuvaca 150 110 130 150 150 150 150 149.4 1494 153 1278 129.6 1416
Sultanhisar 86.4 66.2 81.2 100 92.5 83.3 88.6 83.3 90.6 91.3 96.6 90.3 87.5
Atca 89 95 116.2 1125 1112 88 90 76.7 76.7 759 617 55.2 87.3

* No irrigation

Total cost per person employed on water delivery

The results of this indicator is obtained by evaluating the number of staff employed in MOM and the
total cost of the staff working in MOM in the irrigation cooperative (Table 8). When the average values in
the table are examined, it is seen that the cost per person employed in MOM varies between 2 013-11
996 $/person in 23 irrigation cooperatives included in the study.

When the average values of the total cost indicator per capita employed in water distribution are
examined from the table, it was found that this value was the lowest with 2 013 $/person in isabeyli
Irrigation Cooperative and the highest with 11 996 $/person in At¢a Irrigation Cooperative.

Tekiner & Cakmak (2011) determined that the cost per person in three irrigation networks varies
between 1 367-11 700 TL. In Akinci Irrigation, the total cost per person working in water distribution was
determined betweenl 091-8 659 $/person (Nalbantoglu & Cakmak, 2007). Elicabuk (2016) calculated this
value as 20 976-42 296 TL/person in Gevrekli irrigation scheme. Gengoglu & Degirmenci (2019),
determined that the total cost per person varied between 10 055-20 183 $/person in their study conducted
in Kirikhan Irrigation Association.

When irrigation cooperatives in Aydin province were compared to the other irrigation schemes in
Turkiye in terms of cost per staff employed in water distribution, mostly compatible values were found.
However, for the increase in the indicator value in different years, it is thought that cooperatives should
take the necessary measures to reduce staff expenses.
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Table 8. Total cost per person employed on water delivery of the irrigation cooperatives ($/person)
Cizelge 8. Sulama kooperatiflerine iliskin su dagitiminda istihdam edilen kisi basina diisen toplam masraf ($/kisi)
Irrigation Years

Cooperative 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Avg.

Dalama 5463 6208 6435 5179 6779 6470 6789 8554 8600 8445 10070 5733 7060
Mesutlu 2321 3922 3224 4233 3649 3466 3245 3347 2804 2192 * * 3240
Kizilcakdy * 1721 1963 5265 3689 3195 4846 7733 7643 6466 9875 5262 5241
Olukbasi 5786 4473 5310 5485 4925 4080 4292 9334 8756 8453 11405 12432 7060
Buharkent 2085 2408 2155 1543 2585 2293 3165 6928 8602 10588 6976 8097 4785
Savclilh 2015 1988 3155 2572 2983 2859 2776 9148 5844 4770 8999 3870 4248
Ataeymir 3605 4485 4363 3151 3480 3882 4554 4002 3512 2817 2437 2732 3585
Palamutguk 4993 7072 9909 5273 6740 8388 10662 11113 9785 6340 6095 7804 7847
Geyre * * 6041 4334 2201 4428 4720 6197 8915 8202 12406 8417 6586
Kirazli 3127 4587 8081 7717 7955 8148 7774 7461 9384 4582 3302 2356 6206
Yore 2278 3271 4387 2694 3061 2506 2790 3826 4415 4358 5069 2665 3443
Cobanisa 2929 1720 5772 3537 3977 279 3132 6061 8441 2292 8086 4186 4410
Bucak 3371 2790 4540 5251 1750 * * * * * * * 3540
Beseylil * 2278 5156 4289 4209 3529 3776 11868 7386 6722 6034 6947 5654
Horsunlu 1593 2125 3291 2141 3049 5200 3654 4135 9276 8735 5695 5755 4554
Gencelli * * 5349 6527 5237 5212 5942 7872 10139 8376 2747 5201 6260
Kestel 11260 11622 10441 9775 10182 8587 9018 7344 6751 6602 5705 4897 8515
isabeyli 1657 1529 1774 2234 987 1471 1218 2623 3421 2762 2357 2129 2013
Bozyurt 1946 5581 6003 3215 1657 2382 2332 3002 2554 2311 611 * 2872
Demirciler * * 7150 6592 5527 2501 5553 10072 5656 5869 13555 * 6 941
Yuvaca 1737 2293 2462 1697 1988 1786 2165 3357 3307 3504 1473 2486 2332
Sultanhisar 4839 5484 6938 8246 8599 7869 9720 10243 10435 7394 7733 6571 7839
Atca 12261 12769 15075 12926 13681 12063 12289 10667 12894 10479 10097 8761 11996

* No irrigation

RESULTS and DISCUSSION

In Turkiye, some of the irrigation networks which constructed and operated by DSI have been
transferred to irrigation cooperatives. By taking the authority and MOM responsibility of the irrigation
systems from the public institution and transferring them to different irrigation organizations, it is aimed to
operate, maintain and repair the irrigation networks in a more effective way and to manage them
correctly. In order to measure the level of success of management in an irrigation organization, irrigation
activities should be monitored and evaluated. For this, it is necessary to measure their effectiveness with
accepted performance evaluation indicators. In this way, the causes of low performance in irrigation
systems can be determined and the system performance can be increased by taking the necessary
measures to eliminate the problems.

According to the results obtained in this study, it was found that the average values of irrigation
ratios of irrigation cooperatives in Aydin vary between 7-94%. It has been determined that Mesutlu
Irrigation Cooperative has the lowest irrigation rate with 7%, and Atca Irrigation Cooperative has the
highest irrigation rate with 94%. The lowest water fee collection efficiency was observed in Mesutlu
Irrigation Cooperative, and the highest one was Ataeymir Irrigation Cooperative. In the irrigation
cooperatives in the research area, the cost recovery ratios vary between 53-146%. Except for Mesutlu
Irrigation Cooperative, it has been determined that the cost recovery ratios in irrigation cooperatives are
generally at a good level. Considering the averages it has been determined that the ratio of maintenance
cost to revenue varies between 4-104%. in the cooperatives, Mesutlu cooperative exhibited the lowest
values where the water fee collection efficiency is the lowest. Indicator values of “Total Operation
Maintenance and Management Cost Per Unit Area” calculated in the study were 102.2 $/ha in Isabeyli
Irrigation Cooperative and 1 103,7 $/ha in Mesutlu Irrigation Cooperative on the basis of averages. When
the cooperatives are examined in terms of the staff numbers, the lowest value was determined in Mesutlu
Irrigation Cooperative with 26.5 ha/staff., and the highest value was determined in Gencelli Irrigation
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Cooperative with 316.9 ha/staff. In terms of the cost per person employed in MOM indicator, the lowest
values were observed in Isabeyli Irrigation Cooperative, while the highest values were observed in Atca
Irrigation Cooperative. The cost per person employed in MOM activities over the years within the scope of
the study varied between 2 013-11 996 $/person.

This study was conducted on 23 irrigation cooperatives located in Aydin covering 2006-2017
period. All the cooperatives evaluated in this study are still actively functioning. In 2023, Camarasi
irrigation cooperative was established. In further studies, the efficiency of the cooperatives can be
assessed for longer evaluation periods in order to create better MOM services to the area.

Various technical, managerial and economic problems are observed in irrigation cooperatives.
Although these problems vary from cooperative to cooperative, their general characteristics are the same.
The lack of coordination between institutions and the complexity of authority prevent the functioning of
irrigation cooperatives from time to time. Therefore, a special care should be taken to ensure that
investment programs are carried out in a coordinated manner between institutions.

The success of agricultural activities depends on the education level and socio-cultural structures
of the farmers. For this reason, training and extension activities should be organized for producers in the
service area of the cooperative. In addition to irrigation infrastructure. Water delivery and distribution
systems in the project area should be projected according to the pipe system, water users should be
encouraged to use pressurized irrigation systems and volume-based water pricing should be started.

As a result; in order to solve the problems identified in irrigation cooperatives that provide great
benefits to the irrigated agriculture of the country and the region, attention should be paid to MOM
activities and transparent management as well as supervision. By adopting a participatory irrigation
management approach, the participation of all cooperative partners should be ensured at every stage.
Support and credit systems should be revised, some services should be provided free of charge through
grants, etc., basic irrigation services should be supported by low-interest irrigation loans, and the supports
put into practice should be continued.
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ABSTRACT

Objective: The objective of this study was to determine the best-fitted
regression model for estimating egg weight of Isa Brown laying chickens using
external and internal egg parameters.

Materials and Method: Data collected include: egg weight (EWT), egg length
(EL), egg diameter (ED), shell thickness (ST), shell weight (SW), albumen
height (AH), albumen weight (AW), yolk height (YH), yolk weight (YW) and yolk
length (YL). Data were subjected to statistical analysis procedures of SPSS
(version 23.0.0). Egg weight was regressed on external and internal egg
parameters using forward, backward and full model regression procedures, to
determine the combinations of egg parameters that explain variation in the
dependent variable.

Results: Results showed that the mean (+SE) of EWT, EL, ED, ST, SW, AH,
AW, YH, YW and YL were 60.49+0.47, 4.23+0.03, 2.9440.02, 1.37+0.01, 6.04+0.05,
1.20+0.01, 36.30+0.39, 1.22+0.02, 15.29+0.15 and 2.32+0.02 respectively. The models
of EWT = 30.638+0.582AW+0.571YW and EWT = -14.991+8.779EL+5.493ED+3.686SW
are the best fitted regression models for predicting egg weight of Isa Brown laying
chickens.

Conclusion: Conclusively, egg weight of Isa Brown laying chickens can be
improved through selection for EL, ED, ST and SW trait

0z
Amag: Bu galismanin amaci, dis ve i¢ yumurta parametrelerini kullanarak Isa

Brown yumurtlayan tavuklarin yumurta agirhgini tahmin etmek igin en uygun
regresyon modelini belirlemektir.

Materyal ve Yontem: Toplanan veriler sunlari igerir: yumurta agirhgr (EWT),
yumurta uzunlugu (EL), yumurta gapi (ED), kabuk kalinhgi (ST), kabuk agirhgi
(SW), albimin yuksekligi (AH), albimin agirhdi (AW), yumurta sarisi yiksekligi
(YH), yumurta sarisi agirhgr (YW) ve yumurta sarisi uzunlugu (YL). Veriler
SPSS (surim 23.0.0) 'in istatistiksel analiz prosedurlerine tabi tutuldu. Bagimli
degiskendeki degisimi aciklayan yumurta parametrelerinin kombinasyonlarini
belirlemek icin yumurta agirligi, ileri, geri ve tam model regresyon prosedurleri
kullanilarak dis ve i¢ yumurta parametreleri Uzerinde gerilemistir.

Bulgular: Sonuglar EWT, EL, ED, ST, SW, AH, AW, YH, YW ve YL(+SE)nin sirasiyla
60.49+0.47, 4.23+0.03, 2.94+0.02, 1.37+0.01, 6.04+0.05, 1.20+0.01, 36.30+0.39, 1.22+0.02,
15.2940.15 ve 2.32+0.02 olarak belirlenmistir. EWT = 30.638+0.582AW+0.571YW
ve EWT = -14.991+8.779EL+5.493ED+3.686 modelleri, Isa Brown yumurtlayan
tavuklarin yumurta agirhgini tahmin etmek igin en uygun regresyon modelleridir.

Sonug: Sonug olarak, Isa Brown yumurtlayan tavuklarin yumurta agirhgi EL,
ED, ST ve SW 6zellikleri igin segim yoluyla iyilestirilebilir.
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INTRODUCTION

Egg weight is vital in egg production as it influence egg quality and the reproductive parameter in
chickens (Tabinda et al.,, 2013). Phenotypic correlation coefficient describes the strength of the
associations between any two quantitative traits. However, in multiple regression, several predictor
variables are used in combination rather than just one such variable to predict the dependent variable.
Additionally, multiple regression indicates the weight that each variable in the combination has added to
the model.

Coefficient of determinations (R2) and residual mean square errors (RMSE) are criteria employed
to evaluate the suitability of model to select the relatively best-fitted model from a set of potential models
(Hoang, 2019). This study therefore is aimed to evaluate egg quality traits and to determine the best-fitted
models to predict egg weight in Isa Brown laying chickens.

MATERIALS and METHODS
Description of the Study Area

This study was carried out at the Poultry Unit of Livestock Teaching and Research Farm, Federal
University, Dutsin-Ma. Dutsin-Ma is located between the latitude 12°27°14” N and longitude 7°29'50” E
with altitude of 544 metres above the sea level (Dateandtime.info).

A total of one hundred and twenty (120) eggs were obtained from Isa Brown chickens, reared
intensively in battery cage system.

Parameters measured on individual egg included, egg weight (EWT), egg length (EL), egg
diameter (ED), shell thickness (ST) shell weight (SW), albumen height (AH), alboumen weight (AW), yolk
height (YH), yolk weight (YW) and yolk length (YL).

Data collected were subjected to statistical analysis using procedures of SPSS (23.0.0). Data were
analyzed by descriptive statistics and Pearson’s correlation coefficients (r) procedures of SPSS (23.0.0).
Egg weight was regressed on egg parameters (external and internal traits) by forward, backward and full
model regression analysis as described by Pesmen & Yardimci (2008). The accuracy of the models
obtained was evaluated using the coefficient of determination (R?) and residual mean square error (RMSE).

Statistical model

Y = B+biX1+b2Xo+...+ bnXnte

Where,

Y = dependent variable (EWT)

B = the constant

X1, X2 ... Xn = independent variables (EL, ED, ST, SW, AH, AW, YH, YW, YL)

b1, b2.... bn = the regression coefficient associated with EL, ED, ST, SW, AH, AW, YH, YW, YL

e = residual term

RESULTS and DISCUSSION

The mean (xSE) of EWT (g), EL (cm), ED (cm), ST (mm) and SW (g) were 60.49+0.47, 4.23+0.03,
2.94+0.02, 1.37+0.01 and 6.04+0.05 respectively (Table 1). The mean (xSE) of EWT (g) observed is similar
with the value (60.17+0.31) obtained on Bovan Nera Black laying chicken by Sylvia et al. (2016). However,
low egg weights were reported on three genotype chickens of Tswana chickens (Kgwatalala et al., 2016)
and two Sudanese genotype chickens (Yousif & Eltayeb, 2011). Low egg weights could be as the result of
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the negative action of sex-linked dwarf gene (Yousif & Eltayeb, 2011). On the contrary, Dakpoganc et al.
(2012) and Yousif and Eltayeb (2011), observed longer egg lengths in their reports. The mean (xSE) of SW
(g) recorded is closer to the results of other researchers (Yakubu et al., 2008; Yousif & Altayeb, 2011) but
higher than the values recorded (Nowaczewski et al., 2008; Tebesi et al.,, 2012; Alkan et al., 2015). An
average shell thickness of 0.33 mm has been reported to be the minimum needed for at least a 50% chance
to withstand breakage (Stadelman, 1995).

The mean (£SE) of AH (cm), AW (g), YH (cm), YW (g) and YL (cm) were 1.20+0.01, 36.30+0.39,
1.22+0.02, 15.29+0.15 and 2.32+0.02. The CV (%) for external egg quality were generally less than 10%
(6.15-9.89) while those of internal egg quality traits were higher than 10% (10.48-15.85). The greatest CV
(%) was observed in YH (15.85%).

The value obtained for AW (@) in this work agrees with the result of Congjiao et al. (2019). Albumen
is the main content in egg, representing about 60% (Campbell et al., 2003). The value of AH recorded is
however less than the value (8.41+0.04 mm) observed by Rath et al. (2015) in White Leghorns.

Table 2 reveals the phenotypic relationships among external egg quality trait of Isa Brown laying
chickens. Highly significant (P<0.01) positive correlation coefficients of 0.535, 0.384 and 0.470,
respectively were recorded between EWT against EL, ED and SW. There was a negatively and non-
significant (P>0.05) phenotypic correlation values recorded between the EWT against ST (-0.136). This
trend disagrees with the results of Moreki et al. (2011); Alkan et al. (2013); Stadelman (1995), who also
reported a positive relationship between egg weight and shell thickness.

Table 1. Descriptive statistics of egg quality traits of Isa Brown laying chicken

Cizelge 1. Isa Brown yumurtlayan tavuklarin yumurta kalitesine iligkin istatistikleri

Traits N Mean (#SE)  Coefficient of variation (%)
External egg quality

EWT (g) 120 60.49+0.47 8.43
EL (cm) 120 4.23+0.03 6.70
ED (cm) 120 2.94+0.02 6.15
ST (mm) 120 1.37+0.01 9.06
SW (g) 120 6.04+0.05 9.89
Internal egg quality

AH (cm) 120 1.20+0.01 12.65
AW (g) 120 36.30+0.39 11.80
YH (cm) 120 1.22+0.02 15.85
YW (g) 120 15.29+0.15 10.50
YL (cm) 120 2.32+0.02 10.48

SE = Standard error

Table 2. Phenotypic correlations of external egg qualities of Isa Brown laying chickens

Cizelge 2. Isa Brown yumurtlayan tavuklarin dis yumurta niteliklerinin fenotipik korelasyonlari

EWT EL ED ST
EL 0.535" 1
ED 0.384" 0.231" 1
ST -0.136 -0.356" 0.129 1
SW 0.470™ 0.007 0.178 0.095

** Correlation is significant at P<0.01 (2-tailed), *Correlation is significant at P<0.05 (2-tailed).

Phenotypic relationships of internal egg quality trait of Isa Brown laying chickens were tabulated in
Table 3. There was a highly significant (P<0.01) phenotypic correlation between EWT, and AW and YW
(0.534 and 0.303 respectively) in this study. Other authors also reported highly significant correlations
between egg weight with albumen weight and yolk weight (Kul & Seker, 2004; Obike & Azu, 2012; Tebesi et
al., 2012). These results suggest that albumen and yolk weights could significantly influence egg weight.
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Table 3. Phenotypic correlations of internal egg qualities of Isa Brown laying chickens

Cizelge 3. Isa Brown yumurtlayan tavuklarin ic yumurta niteliklerinin fenotipik korelasyonlari

EWT AH AW YH YW
AH 0.111 1
AW 0.534" 0.240™ 1
YH 0.208 0.089 0.217" 1
YW 0.303" -0.071 0.253" 0.115 1
YL 0.069 0.052 0.086 -0.022 0.396™

**Correlation is significant at P<0.01 (2-tailed), *Correlation is significant at P<0.05 (2-tailed).

Table 4 presents the forward and backward methods of multiple regression equations for egg
weight and external egg parameters of Isa Brown laying chickens. The forward and backward method of
multiple regression for egg weight and external egg traits showed that the equation including three
variables (EL, SW, ED) has highest R? = 0.538 and with the lowest RMSE = 12.313 which makes it the
best fit model for predicting egg weight from external egg traits. The equation is; EWT = -
14.991+8.779EL+3.686SW+5.493ED.

Table 4. Forward and backward methods of multiple regression equations of egg weight and external egg parameters of Isa Brown laying

chickens
izelge 4. Isa Brown yumurtlayan tavuklarin yumurta agirligi ve dis yumurta parametrelerinin ¢oklu regresyon denklemlerinin ileri ve geri
izelge 4. Isa B I tavukl: Girhg di lerini ki denklemlerinin ileri i
yoéntemleri
Model Equation R2 RMSE Sig
FORWARD
1 EWT = 19.732+9.648EL 0.287 18.705 0.000
2 EWT = -4.032+9.586EL+3.979SW 0.504 13.124 0.000
3 EWT =-14.991+8.779EL+3.686SW+5.493ED 0.538 12.313 0.000
BACKWARD
1 EWT =-12.705+8.528EL+5.699ED — 1.415ST+3.703SW 0.539 12.394 0.000
2 EWT =-14.991+8.779EL+3.686SW+5.493ED 0.538 12.313 0.000

Table 5 shows the forward and backward methods of multiple regression for egg weight and
internal egg parameters. The equations for backward multiple regression method involving three variables
(AW, YH, YW), recorded high R? = 0.323 but the lowest RMSE = 18.067 which made it most suitable to
predict egg weight in Isa Brown laying chickens, thus; EWT = 28.904+0.562AW+2.248YH+0.554YW.

Table 5. Forward and backward methods of multiple regression equations of egg weight and internal egg parameters of Isa Brown laying

chickens

Cizelge 5. Isa Brown yumurtaci tavuklarin yumurta agdirligi ve i¢ yumurta parametrelerinin ¢oklu regresyon denklemlerinin ileri ve geri
yoéntemleri
Model Equation R2 RMSE Sig
FORWARD
1 EWT = 37.401+0.636AW 0.285 18.735 0.000
2 EWT = 30.638+0.582AW+0.571YW 0.316 18.094 0.000
BACKWARD
1 EWT = 30.123+0.230AH+0.559AW+2.155YH+0.616 YW - 0.973YL 0.324 18.335 0.000
2 EWT = 30.335+0.561AW+2.165YH+0.612YW — 0.958YL 0.324 18.177 0.000
3 EWT = 28.904+0.562AW+2.248YH+0.554YW 0.323 18.067 0.000
4 EWT = 30.638+0.582AW+0.571YW 0.316 18.094 0.000
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Table 6 shows the full method of multiple regression of EWT on external and internal egg
parameters of Isa Brown laying chickens. The equation for external egg traits has four variables with R? =
0.539 and RMSE = 200.718 while the equation for internal egg traits has five variables with R? = 0.324
and RMSE = 18.335. The criteria for suitability of the model show that the equations for full models are
less suitable to predict egg weight.

Table 6. Full method of multiple regression equations of egg weight and egg quality parameters of Isa Brown laying chickens

Table 6. Isa Brown yumurtlayan tavuklarin yumurta agirligi ve yumurta kalitesi parametrelerinin ¢oklu regresyon denklemlerinin tam

yoéntemi
Equation R2 RMSE Sig
EXTERNAL
EWT = -12.705+8.528EL+5.699ED — 1.415ST+3.703SW 0.539 200.718 0.000

INTERNAL
EWT = 30.123+0.230AH+0.559AW+2.155YH+0.616 YW — 0.973YL  0.324 18.335 0.000

The outcome of the study showed that EWT = 30.638+0.582AW+0.571YW and EWT = -
14.991+8.779EL+5.493ED+3.686SW are the best fitted regression models for predicting egg weight of
Isa Brown laying chickens, using external and internal egg traits respectively. Topal (2003) also opined
that R? or RMSE may be confidently applied to determine the best-fitted regression models for predicting
body weights in livestock. The higher and significant (P<0.001) R? value with lower RMSE obtained in this
study showed that (EL, ED, SW) and internal egg parameters (AW, YW) could be used to estimate egg
weight of Isa Brown laying chickens with high degree of precision.

CONCLUSION

This study revealed that EL, ED and SW were strongly and positively correlated with EWT as
0.535, 0.384 and 0.470 respectively. Hence, selection for these traits will invariably lead to the
improvement of egg weight in Isa Brown laying chickens. The outcome of the regression analysis showed
that EWT = 30.638+0.582AW+0.571YW and EWT = -14.991+8.779EL+5.493ED+3.686SW are the best
fitted regression models for predicting egg weight of Isa Brown laying chickens, using external and
internal egg parameters respectively.
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ABSTRACT

Objective: The objective of this study was to develop an electronic device
capable of being connected to agricultural machinery to protect operators from
mechanical hazards.

Material and Methods: The electronic device contains two electronic circuits for
alarming and automatically shutting off. The device is equipped with a pair of
passive infrared sensors with a daylight resistance to increase the devise
sensitivity. The alarm circuit operates a siren that warns the operator when
approaching dangerous objects such as rotors, knives, exposed gears, etc. The
automatic disconnect circuit turns off the tractor's engine when the operator does
not pay attention to the alarm. Four sensing distances of 0.25, 0.5, 0.75, and 1.00
m were tested with three delay periods of 30, 60, and 90 s at two levels for the
interstitial distances between the sensors of 150 and 200 mm.

Results: The device was tested by simulating human hands to test the efficiency
of the sensor response and the efficiency of the time delay. The addition of the
day light resistance to the passive infrared sensor led to an increase in its
response efficiency, from 90.67% to 95.83%.

Conclusion: The developed electronic device can be attached to agricultural
equipment to protect operators from operating risks.

0z
Amagc: Bu calisma, operatorleri mekanik tehlikelerden korumak igin tarim
makinelerine baglanabilen bir elektronik cihaz gelistirmeyi amaclamaktadir.

Materyal ve YoOntem: Elektronik cihaz, alarm vermek ve otomatik olarak
kapatmak icin iki elektronik devre icermektedir. Cihaz, cihaz hassasiyetini
artirmak igin giin 15191 direncine sahip bir ift pasif kizilétesi sensérle donatiimigtir.
Alarm devresi rotorlar, bigaklar, agiktaki digliler vb. gibi tehlikeli nesnelere
yaklastiginda operatérii uyaran bir siren galistirir. Otomatik baglanti kesme
devresi, operatdér alarma dikkat etmediginde traktériin motorunu kapatir. 0.25,
0.5, 0.75 ve 1.00 m'lik dort algilama mesafesi, 150 ve 200 mm'lik sensorler
arasindaki bosluk mesafeleri icin iki seviyede 30, 60 ve 90 s'lik G¢ gecikme
periyoduyla test edildi.

Arastirma Bulgulari: Cihaz, sensér yanitinin etkinligini ve zaman gecikmesinin
etkinligini test etmek icin insan elini simile ederek test edildi. Pasif kizilotesi
sensore glin 1191 direncinin eklenmesi, tepki veriminde %90,67'den %95,83'e bir
artisa yol acti.

Sonug: Gelistirilen elektronik cihaz, operatorleri isletme risklerinden korumak igin
tarim ekipmanlarina takilabilir.
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INTRODUCTION

Occupational risks associated with operating agricultural machinery are one of the primary causes
of accidents in the agricultural sector (Mucci et al., 2020). Accidents rise as a result of stressful conditions
imposed by continuous labor strain and adverse weather conditions in some nations. The majority of
accidents happen during harvest seasons and when preparing the soil following harvest, which results in
an increase in accidents annually. Accidents are primarily caused by dissenting occupational safety
protocols and recommendations to separate agricultural equipment during maintenance (Benos et al.,
2020). Usually, the danger results from moving, rotating, and sharp parts found in agricultural machinery.
The cutting parts, such as reciprocating mower knives and harvesting knives in harvesters and the grain
transport augers, cause accidents resulting from the entanglement of clothes, hands, arms, and feet
(Ngajilo & Jeebhay, 2019).

The rotating parts from the feeding rollers, rollers, and belts of the threshing and winnowing
machines, as well as the contract device in the hay balers and the power takeoff of the tractor, cause painful
accidents (Fargnoli et al., 2018). Hair and clothes can be pulled, causing cases of amputation and
suffocation if not adhered to when wearing suitable, non-loose clothes. The components of hydraulic
systems, such as winches, excavators, and dredgers, lead to serious injuries as a result of oil leakage or
explosions. One of the most hazardous industries globally is the agricultural sector (Evangelakaki et al.,
2020; Vigoroso et al., 2021). The use of agricultural equipment has increased due to the ability of tractors
and harvesters to be controlled by satellites using global positioning systems. Despite the utilization of
sensors and developed software, the development of the operator's work environment still needs to
advance in its application of artificial intelligence to reduce potential dangers (Mirmahdi & Shirazi, 2021).
The development of harvesters using laser range sensors can leverage laser application usage in the
agricultural sector. The power take-off (PTO). for tractor was developed from a mechanical one to be
electrically operated using a motor in order to avoid accidents for operators when connecting equipment
manually (Prankl et al., 2011). The development of independent machines to perform various agricultural
operations, from soil preparation to harvesting, requires the efforts of a few designers to replace traditional
devices with electronic ones that can be monitored remotely using Internet applications, reducing
agricultural accidents and raising operational safety rates (Shutske et al., 2022). The use of modern
technology for agricultural machinery, such as robots and sensors, does not guarantee the safety of
operators due to their ignorance of the sources of danger. Therefore, itis necessary to develop programmed
systems to prevent accidents (Aby & Issa 2023).

The operator's safety was significantly impacted by the use of electronic sensors like infrared motion
sensors, lasers, and gravity sensors attached to the agriculture machinery, which resulted in a decrease in
accidents (Erdal & Jakob, 2004; Teng et al., 2016). A pressing issue is the global trend toward enacting
tough legislation to lower workplace dangers, so using these electronic devices can solve safety problems.
The expense of work accidents can be attributed to the advancement of technology in the environment in
which the operators work (Ilvascu & Cioca, 2019). Accidents are attributed to the management of the work
team by 75% due to ignorance of the dangerous elements of agricultural machinery, while the percentage
of accidents due to the workplace represents 50%. The deficiencies in the equipment, like agriculture
machinery, in the work environment cause accidents by up to 56% (lvascu et al., 2021). To lower the
accident rate, occupational safety initiatives in agricultural professions must be developed using skilled
labor and developed electronics to prevent accidents and injuries (Noman et al., 2021). Many workers,
whose ages range from 30 to 59, suffer injuries as a result of accidents caused by the use of some
agricultural equipment, including tree saws and other equipment, especially harvesters.

Manufacturers of agricultural equipment must support all forms of protection, including installing shields
and other barriers (Lopez et al., 2021; Khorsandi et al., 2022). The modern tendency towards developing an
operator alert and protection device employing sensors offers a perfect working environment free of hazards.
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Harvesters and shredders cause many agricultural accidents. The application of smart devices increases the
field efficiency of agricultural machinery by decreasing the time spent on maintenance and allowing the
operators to save themselves from hazards. The use of automatic devices in precision farming applications
using sensors and robots is entirely related to the safety of operators (Colantoni et al., 2018). This is due to
the non-use of traditional devices, such as the use of complex mechanical connections with a lot of
maintenance and malfunctions, which may affect operators when they do not pay attention to them as a result
of repeated malfunctions, unlike the modern, developed systems that depend on remote sensing systems.
Thus, the mission of developing such logic automatic control devices could participate in the development of
artificial intelligence for agricultural equipment.

The developed electronic safety device is placed, for example, next to the knotter device in hay balers
because it is very dangerous to protect the operators' hands from entanglement in the gears. The electronic
safety device can also be inserted into mowers on the three-point hitch of the tractor to prevent their hands
from being cut by knives. The device can also be used on all choppers and mincing machines at the manual
feeding part to protect their hands. Also, this device can be installed on the tractor to suit the connections of
all agricultural equipment, such as threshing machines, feed flaps, and so on. It is necessary to use electronic
protective devices to protect agricultural workers from various potential risks. There is a fundamental
difference between electronic protection devices and traditional ones, which are mostly mechanical. The
electrical response time is instantaneous in a fraction of a second, which speeds up the insurance process
significantly, unlike mechanical systems that are slow in response. Multiple features have been introduced to
the developed electronic insurance device to give a warning first, and in the event that the operator does not
pay attention, this device will forcefully stop the equipment, machine, or tractor to protect the operator before
an injury occurs. The assembly and synthesis of motion sensors with this new insurance system and
programming them by Arduino to secure the agricultural worker is considered new in electronic applications
attached to modernizing traditional agricultural equipment. The electronic safety device was tested and
evaluated in experiments that simulate different operating conditions of agricultural equipment by using a 12-
volt DC current as a source of electrical supply and directing the movement of the human hand using the
device to ensure that the device works with optimal efficiency.

Hence, a study was conducted and the objective of this study was to develop an electronic device to
secure and protect the operators and workers of agricultural machinery and test the efficiency of the
device's performance and operation under different operating conditions.

MATERIALS and METHODS

Experimental procedure

The tests were carried out in 2023 at the Al-Serw Agricultural Research Station in Damietta, Egypt,
located at 31.24° N, 31.80° E. The smart electronic protection device was designed, developed, evaluated,
and calibrated to fit several kinds of agricultural equipment. The device is suitable for installation on straw
baler machines, mowers of all types, threshing machines, agricultural waste choppers, etc. Two laboratory
experiments were conducted to test and calibrate the sensitivity of the PIR sensors, once using the passive
infrared sensors and the other when installing an LDR light-day resistor (photoresistor), as shown in Figure
3. The experimental variables included four sensing distances of 0.25, 0.5, 0.75, and 1.00 m. The specified
sensing distances are considered the standard range specified for passive motion sensors listed in the
usage specifications, which can be adjusted using the potentiometer for each sensor individually. The
sensing distance (SD) was adjusted by turning the potentiometer on the PIR sensor. Three delay periods
(DP) of 30, 60, and 90 seconds for shutting off the tractor automatically were also tested. This time can be
set using the countdown timer attached to the device, and this time is considered appropriate for operating
agricultural equipment. The delaying periods were adjusted using the delay timer module. Also, two
interstitial distances (SID) were tested between installing the sensors, which are 150 and 200 mm. The
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interstitial distances between the two used passive motion sensors were adjusted by moving the sensor
fixation position on the movable slider on the sensor fixation shaft, as shown in Figure 1. The experiments
were performed using a three-way completely randomized factorial design. The experiments included five
replications for the experimental variables. The movement of the worker was simulated in front of the
positive motion sensors of the electronic insurance device and installed on the tractor to suit the attachment
of the various agricultural equipment with a risk factor. The device is suitable for working on most types of
tractors, whose electrical devices depend on a direct current of 12 volts, and any agricultural machine. The
device can be installed next to any rotating part, such as a knife, gear, belt, drums, or the power take-off
(PTO) of the tractor, to act as a shield to protect from the dangers of moving parts.

General description

The electronic device was developed to protect operators from high-risk agricultural equipment. The
device was intended to secure the equipment connected to the tractor, such as balers, mowers, choppers,
etc. The device is secured electronically in two stages. First, the device warns the operator when
approaching a dangerous place in the equipment. Secondly, the device automatically shuts off the tractor
before reaching the dangerous part. The tractor is compulsorily stopped when the second motion sensor is
reached, which is electrically connected to the tractor’s stop solenoid. Every place near moving parts, such
as gears, wheels, rollers, and knives, can be installed in the device, as the device has been configured to
be easily installed in any place with complete flexibility. In general, the electronic device that protects
workers from agricultural hazards consists of the following parts, as shown in Figures 1 and 2.

Figure 1. (A) The smart electronic protection device components (1- the operating switches for the device, the Wi-Fi module, and the
countdown timer; 2- the connecting plug for switching off the tractor fuel solenoid; 3- the PIR sensor for the warning circuit; 4-
sensors interstitial distance slider shaft; 5- the PIR sensor for the automatic shutoff circuit; 6- the siren 12V, 25 W, 110 dB; 7-
the OLED LCD display 0.96 inch; 8- the countdown timer relay module; (B) The inlet components of the smart electronic
protection device (1- 12V one-channel relay modules; 2- Wi-Fi two-channel relay modules; 3- Arduino Nano; 4- 12-5V power
supply modules).

Sekil 1. (A) Akilli elektronik korunma cihazinin komponentleri (1-cihaz ¢alistirma anahtarlari, WI-FI modiilii, geri sayim timer’ 2-
Traktér yakit selenoidi kapatma igin baglanti figi; 3- uyari devresi igin PIR sensérii; 4-Sensoriin intertestiyal mesafesi igin
kaydirilabilir saft; 5- PIR sensoriniin otomatik kapatma devresi igin PIR sensori; 6- siren 12 V, 25 W, 110 db; 7_0.96 ing
OLED LCD ekrani; (8) geriye dogru sayim igin timer réle mod(ilii; (B) akilli elektronik koruma cihazindaki komponentler (1-12
V tek kanalli réle modiilii; 2- Iki kanalli WI_Fi réle modiilii; 3- arduino Nano; 4- 12-5V gii¢ tedarik modiilleri.

The safety device (Figure 2B) consumed 30-35 W of 12 V direct current. The device is easy to install
and connect. It is also possible to install the safety device inside the tractor cab, extend the sensor holder
cables only outside the cab, and install it using a bracket next to any rotating part, such as power take-off
(PTO) of the tractor, or next to the most dangerous moving parts in any equipment attached to working with
the tractor. The device relies on the use of passive infrared sensors (PIR). A pair of PIR sensors are
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connected to the electronic safety device. Each PIR sensor contains a pair of adjustable potentiometers for
distance and time delay. The adjustable potentiometers are controlled by turning them clockwise or
anticlockwise, as shown in Figure 2A. The distance potentiometer controls the sensing distance range of
0.25-7 m. The second time delay potentiometer controls the response delay time of the sensor from 1 to 5
minutes. The time period for disconnecting the motion sensor is standard, but the time can be precisely
controlled using the delay timer, which operates from a range of 1 second to 10 hours. The device contains
two circuits, the first for warning and the second for shutting off the tractor's engine automatically by the
tractor’s stop solenoid, as shown in Figure 2 (A and B).

[ Agikwachiney (B)

12VDC Battery

Developed safety device
with arduino Nano

LDR Sensar

Alarming PIR sensor
with 12V relay module

o C \ » Count down timer and
.( unt down Camwns | s d“Pla\ ]i @[ OLED displa\‘
Timer
.. | b : ‘
(shutoff) solenoid ” ) \
¢ S promnﬂnde\uc:

slarmmg Engme Stop

PIR Sensor

OLED LSD Display

Figure 2. (A) The electronic circuit of the smart protection device; (B) The flowchart of the developed smart protection device's operation.

Sekil 2. (A) Akilli koruma sisteminin elektronik devresi; (B) Akilli koruma cihazinin akis semasi.

First, the warning circuit consists of the following parts: The first PIR sensor, as shown in Figure 1A,
No. 3, was connected to the warning circuit. The alarm circuit triggers a siren (Figure 1A, No. 6) when
approaching the first sensor. The PIR sensor is powered with a 5 volt DC source via the power supply
module (Figure 1B, No. 4). The power supply module converts the connected voltage from the tractor
battery from 12 volts to 5 volts. When approaching the first PIR sensor of the warning circuit, the electrical
outlet signal is transmitted to the Arduino Nano port (D2) (Figure 1B, No. 3) to display the number of coming
signals from the relay on the OLED LCD display, as shown in Figure 1A, No. 7. When a person approaches,
because his body contains infrared rays, it is sensed by positive motion sensors within the sensor’s vision
range from any direction when approaching its range, whether passing at an angle or straight, because the
sensor lens is spherical in shape. Also, as the PIR warning sensor operates, it transmits a 12 V relay module
with one channel (Figure 1B, No. 1). The relay module coil operates with 5 volt to connect its contacts,
which are connected to a 12 volt power source, to its built-in relay. Then the electric current is transmitted
again to an external relay (12 volts and 10 amps) connected directly to the siren, as shown in Figure 2B.

Secondly, the automatic shut-off circuit consists of the following parts: The second PIR sensor
(Figure 1A, No. 5) connects the outlet voltage to another one-channel relay module (Figure 2A). The
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automatic cut-off circuit is built into the electronic device box and is connected to the device to stop the
tractor and cut off the fuel from the tractor engine to stop its operation electrically. Also, the second PIR
sensor is connected to port D3 on the Arduino Nano to display the number of signals on the OLED LCD
display. The relay module connects the 12 V voltage to the 12 V LED automatic countdown timer relay
module, as shown in Figure 1A, No. 8. The delay period for shutting off the tractor is set by the countdown
timer instead of using the PIR time delay potentiometer due to its accuracy. The countdown timer is set by
choosing between three time programs: seconds, minutes, or hours. There are three press switches to
operate the countdown timer as shown in Figure 2A. The relay for the countdown timer connects the outlet
voltage to an external 12-volt relay connected directly to the tractor fuel cutoff solenoid, as shown in Figure
2B. The number of response times from the two PIR sensors is counted by a programmable circuit that has
been installed. The circuit consists of an Arduino Nano attached to a 0.96-inch OLED LCD display. The
OLED LCD display shows the number of responses from the warning and shutting off circuits. Arduino is
installed on a breadboard and connected to the power supply module to operate it, as shown in Figure 1B,
No. 4. A two-channel Wi-Fi relay module (Figure 1B, No. 2) was used to be controlled directly by an
application installed on the mobile smart phone, as shown in Figure 4. The Wi-Fi module connects directly
to the pair of external relays connected to the siren and the fuel shutoff solenoid, as shown in Figure 2B.
The Wi-Fi relay module was used to control the device directly in emergency cases to protect the operator
remotely, as shown in Figure 2B.

(A) (B)

Figure 3. (A) PIR sensor (passive infrared sensor) without LDR (light day ~ Figure 4. The mobile application for controlling the smart
resistance); (B) PIR sensor with LDR. electronic device using a Wi-Fi controller module.

Sekil 3. (A) LDR (giin 151§ direngli) olmayan PIR sensor (pasif infrared ~ Sekil 4. WI-Fi control modiiliinii kullanan elektronik akilli
sensor); (B) LDR’ye sahip PIR sensor. cihazin kontroliinde kullanilan mobil aplikasyon.

The protection device evaluation

The electronic safety system's components were calibrated, tested, and evaluated. The performance
of the electronic warning and tractor automatic shutdown circuits was also evaluated. A simulation was
made to test the efficiency of passive infrared sensors. A human hand was passed at a constant speed (10
m s1), parallel to the direction of the sensors, 30 times per minute. A sensitive electronic piece connected
to cables connected to a computer application was installed to measure the speed of the human hand, and
the speed was fixed at the required limit for taking measurements. The electronic safety device records the
average readings. There is an interval swipe time of 2 seconds between each attempt. The sensor's
response efficiency (SR n, %) was measured using Equation No. 1. (Zappi et al., 2010)

SRac

SR1 = 2% % 100, % 1)

SR¢p
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Where: SR n= the PIR sensors response efficiency, %; SRac= actual sensing responses recorded,
once; SRin= theoretical sensing responses trail, once (constant 30).

The efficiency of the electrical tractor's shut-off circuit was evaluated. A stopwatch was used to record
the actual tractor shutoff delay time. The device can be installed next to any rotating or moving part using
screws. The device automatically stops the tractor as the second motion sensor directs the electrical signal
coming out of it when sensing any movement to the delay timer. The timer automatically operates via a
cable connected to the Fuel solenoid valve, which cuts off fuel from the tractor engine, so that the tractor
stops before an accident occurs. The device is suitable for all types of tractors, and its operation is not
affected by the type of tractor. The theoretical delay periods are set using the insurance device's countdown
timer. The time delay efficiency (TDn, %) was calculated using Equation 2. (Narayana et al., 2015)

DP

Where: TD n= the time delaying efficiency, %; DPac= actual delaying periods, s; DPw= theoretical
delaying periods, s.

Statistical analysis

The statistical programs CoStat 2017 and Minitab 2019 were used to analyze the data. Variables
were tested using analysis of variance (ANOVA) at a significant probability level of P < 0.001. The
determination coefficient and the standard error were estimated. The least significant difference (LSD) was
calculated at a level of 0.001 for the mean averages of the tested variables. Linear regression equations
were estimated to measure the interaction between variable levels.

RESULTS and DISCUSSION
Factors affecting the sensor’s response efficiency

Figure 5a shows an inverse relationship between the sensing distances and the sensor’s response
efficiency at the different delay times. The greater the sensing distance levels from 0.25 to 1.00 m, the less
efficient the sensors' response. Figure 5a, shows that there is a significant increase in the response
efficiency of the sensors when the LDR is installed compared to when it is not installed. As shown in Figure
5A, the highest recorded values of SR n were 90.67% and 95.83% for the PIR sensors without and with
LDR, respectively. The maximum values of SR n were gained for 30 s delay periods (DP) and a sensing
distance (SD) of 0.25 m. As shown in Figure 5 B, the effect of sensing distances (SD) on SR n values at
the sensors interstitial distances (SID). The SR n values were increased from 84.56 to 90.78% at a SID of
150 mm, from 1.00 to 0.25 m of SD, respectively, for the PIR sensors without LDR. At the PIR with LDR,
the SR n values were increased from 85.67% to 95% at a SID of 150 mm, from 1.00 to 0.25 m of SD,
respectively. The minimum values of SR n were 84.33 and 85.33% at 200mm of SID and 1.00 of SD, as
shown in Figure 5B.

Figure 5C demonstrates the interaction between the DP and SID levels on the SRn values. The
maximum SR n values were increased from 88 to 88.42% at the lowest DP of 30 s and at SID levels of 200
and 150 mm, respectively, for the PIR sensors without LDR. The minimum and maximum values of SR n
were 88.42 and 90.75%, respectively, for DP of 90 and 30 S. The increment ratio for the maximum value
for SR n at PIR sensors with LDR over it but without LDR was 2.57%. As tabulated in Table 1, the mean
and standard errors for the studied factor levels were highly significant at P < 0.001.
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Figure 5. (A) The effect of sensing distances on the sensor’s response efficiency at the delay periods; (B) The effect of sensing
distances on the sensor’s response efficiency at the sensor’s interstitial distances; and (C) The effect of delay periods on the
sensor’s response efficiency at the sensor’s interstitial distances for the PIR sensors without and with LDR.

Sekil 5. (A) Gecikme periyotlarinda sensérlerin tepki verimlliligine algilama mesafesinin etkisi; (B) Gecikme periyotlarinda sensériin
intertestiyal mesafesinde algilama mesafesinin etkisi ve (C) LDR ve LDR olmamasi durumunde PIR sensbrleri igin gecikme
periyotlarinda PIR sensériin intertisyal mesafelerinde sensériin tepki etkinligi.

Table 1. The mean values and standard errors for the PIR sensor without LDR

Cizelge 1. LDR ye sahip olmayan PIR sensériiniin ortalama degerleri ve standart hatalari

Factors SR 4, Once SRn, % DPg, S TDn, %
0.25 27.00+001° 90.56%0.15°  61.44+6.04° 97.61+0.12°
0.50 26.8340.09°  89.330.20  62.33+6.24°  96.33+0.11°
0.75 26.00£0.01°  86.44%0.15°  63.286.42°  94.83+0.17°
Dm0 25224010  84.44%0.12¢  64.33+6.44%  92.89+0.11°
LSD 0.001 0.138 0.389 0.195 0.195
P value 0.00% 0.00% 0.00% 0.00%
30.00 26.4240.13°  88.210.48°  31.25:0.09°  95.92+0.39°
60.00 26.250.17°  87.75:0.55"  6258+0.22°  95.46+0.37"
PP S 90.00 26.130.16°  87.13+0.49°  94.71+0.40°  94.88+0.37°
LSD 0.001 0.119 0.337 0.167 0.169
P value 0.00% 0.00% 0.00% 0.00%
150.00 26.330.13°  87.86:0.43°  62.814.38%  9553:0.30°
200.00 26.190.13°  87.530.41°  62.89+4.39°  95.31+0.32"
S0 1 spo.oo1 0.097 0.275 0.138 0.138
P value 0.00% 0.00% 0.0391* 0.00%
R? 0.884 0.888 0.899 0.895

Where: SD= sensing distances, m; DP= delay periods, s; SID= sensors interstitial distances, mm; SR .=
actual sensing responses recorded, once; SR n= the PIR sensors response efficiency, %; DP,.= actual
delaying periods, s; TD n=the time delaying efficiency, %.

#d the means with no common subscript within each column differed significantly (P < 0.001).

The interaction between the variables levels was significant for SR n values for the PIR sensors
without and with LDR. The linear regression equations for SR n values at the PIR sensors without and with
LDR were estimated as follows:

SR n, % = 95.25 - 8.489 SD — 0.0181 DP — 0.0067 SID R?=0.888 (PIR sensors without LDR)

(Where: SD: sensing distances, m; DP: delay periods, s; SID: sensors interstitial distances, mm)

SRn, % =101-12.378 SD — 0.0313 DP — 0.0106 SID R?=0.894

(PIR sensors with LDR)
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The efficiency of the response of the sensors is significantly higher when the LDR is installed than
when it is not, due to maximizing the PIR sensors sensitivities. By affecting the light, supplying passive
infrared sensors with LDR daylight resistance increases the degree of response and sensitivity of the
sensors. The shorter the sensors' distance, the greater the infrared spectrum reflected from the human
body, which increases the efficiency of the sensor's response. The results are in agreement with the results
obtained by Zappi et al. (2010). When the interference between PIR sensors is shortened, the efficiency of
the sensor's response is maximizing significantly, and vice versa, in agreement with the results of Narayana
et al. (2015). According to Furgale et al. (2013), using the shortest time period to adjust the sensors in order
to disconnect the electrical current significantly increases the efficiency of the sensors' responses due to
the lack of standard error for calibrating the timing devices and the shorter the time period of their
adjustment.

Factors affecting the time-delaying efficiency

Figure 6A displays an inverse relationship between the sensing distances (SD) and the time delaying
efficiency (TDn) for the various delay periods (DP). The maximum values of TDn were 98 and 98.2% for
the PIR sensors without and with LDR, respectively, at the lowest DP of 30s and 0.25m of SD. The minimum
values of TDn were 92.50 and 93.17% for the PIR sensors without and with LDR, respectively, at the highest
DP of 90 s and 1.00 m of SD. As shown in Figure 6 B, the SID level of 150 mm was more significant than
the highest level of 200 mm for the TD n values. The increment ratios of (TDn) values at the descending
SD from 1.00 to 0.25 m were 4.66 and 4.09 % for the PIR sensors without and with LDR, respectively, at a
SID of 150 mm.

100.00 q
< gggo ) Delay periods,s ) 306090 L0 - Sensors interstitial distances, mm Jo0.00 - Sensors interstitial distances, mm
£ 9800 { & 99,00 | aise |8 $ 900 a1s 82
;5 97,00 1 2 £ 98.00 1 P}R sensors _P!RWHSUTS o: 9800 { PIR sensors PIR sensors
£ 9600 4 £ 47q9 | [ Vithout LDR wnh LDR £ g700 | vithout LDR with LDR
S ] N R
9500 { g 9600 1 g %00
% 9400 - @ 9500 1 y %500
T 9300 4 i 2 94.00 4 29400
s 9200 { PIRsensors ] PIR sensors T 9300 1 = 9300
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90.00 +————————— R 9100 4 = £ oL
(A) 025050075100 025050 0.75 1.00 90.00 +EE = S 90.00 + :
Sensngdstanees,m (B) 025050075100 025050075100 (C) » & % 0 6@ 9
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Figure 6. (A) The effect of sensing distances on the time delaying efficiency at the delay periods; (B) The effect of sensing distances
on the time delaying efficiency at the sensor’s interstitial distances; and (C) The effect of delay periods on the time delaying
efficiency at the sensor’s interstitial distances for the PIR sensor’s without and with LDR.

Sekil 6. (A) Gecikme periyotlarinda zaman gecikme etkinliginin algilama mesafesinde etkisi; (B) Gecikme periyotlarinda zaman
gecikme etkinliginin sensériin intertisyal mesafelerinde etkisi ve (C) LDR ve LDR olmamasi durumunde Gecikme
periyotlarinda zaman gecikme etkinliginin sensériin intertisyal mesafelerinde etkisi.

At a SID of 200 mm, the TDn values decreased from 97.56 to 92.67% at 0.25 and 1.00m of SD,
respectively, for PIR sensors without LDR. For PIR sensors with LDR, the TDn values decreased from
97.67% to 93.67% at 0.25 and 1.00m of SD, respectively, at a SID of 200 mm. Figure 6C demonstrates the
effect of DP on TDn values at the various SID levels. The lowest value of TDn was recorded for the PIR
sensors without LDR, which was 94.75% at the maximal DP of 90s and 200 mm of SID. The maximum
value of TDn was 96.33 % at the lowest DP of 30 s and 150 mm of SID for the PIR sensors with LDR. The
increment ratio was 0.26 % of the highest value of (TDn) for PIR sensors with LDR over the PIR sensors
without LDR.

The interaction between the variable levels was significant for the TDn values for the PIR sensors
without and with LDR, as listed in Table 2. The means and standard errors for the studied factor levels were
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highly significant at a probability of P < 0.001. At the PIR sensors without and with LDR, the linear regression
equations for TDn values were estimated as follows:

TDn, %= 101.153 — 6.267 SD — 0.0174 DP — 0.0044 SID R>=0.895  (PIR sensors without LDR)
TDn, %= 100.5-5.311 SD — 0.0104 DP - 0.0028 SID R?=0.885 (PIR sensors with LDR)

The time-delaying efficiency was significantly improved when using the smaller sense distances of
0.25 to 0.5 m instead of the larger sense distances of 0.75 to 1.00 m. The significant increment in sensor
response efficiency ultimately caused the time-delaying efficiency to increase significantly, in accordance
with the results of Yang et al. (2017). The effect of the installation of daylight-resistant LDR was significant
and resulted in a large increase in the time-delaying efficiency. The significant correlation between the
sensors time delay and the sensing distances had a significant effect on the time delaying efficiency.
According to Yue et al. (2010), the greater the sensitivity of the insurance device, the greater the
significance of the time-delaying efficiency, and vice versa. According to Ai et al. (2014), the shorter the
time delaying efficiency, the lower the standard error for the electronic timing circuit is.

Table 2. The mean values and standard errors for the PIR sensor with LDR
Cizelge 2. LDR ye sahip PIR sensériiniin ortalama degerleri ve standart hatalari

Factors SR 4, Once SRn, % DP o, S TDn, %
0.25 28.50+0.122 94.83+0.222 61.33+6.042 97.78+0.10?
0.50 27.17+0.09° 90.39+0.27° 62.00+6.14° 97.00+0.00°
0.75 26.22+0.10° 87.44+0.22° 62.33+6.24° 95.72+0.11°¢
Sb.m 1.00 25.67+0.11¢ 85.50+0.15¢ 64.00+6.34¢ 93.78+0.13¢
LSD 0.001 0.138 0.413 0.241 0.275
P value 0.00*** 0.00%* 0.00*** 0.00**
30.00 27.29+0.242 90.50+0.772 31.25+0.092 96.29+0.30?
60.00 26.88+0.22° 89.50+0.75" 62.25+0.23° 96.25+0.31°
DP,S  90.00 26.50+0.23° 88.63+0.70° 93.75+0.31° 95.67+0.35°
LSD 0.001 0.119 0.358 0.209 0.238
P value 0.00*** 0.00%* 0.00*** 0.00%*
150.00 27.00+0.212 89.81+0.61° 62.42+4.322 96.14+0.262
200.00 26.78+0.18° 89.28+0.62° 62.42+4.32° 96.00+0.27°
:1'5] LSD 0.001 0.097 0.292 0.17 0.195
P value 0.00*** 0.00%* 0.0158* 0.0159*
R? 0.893 0.894 0.899 0.885

Where: SD= sensing distances, m; DP= delay periods, s; SID= sensors interstitial distances, mm; SR ,. = actual sensing responses
recorded, once; SR n=the PIR sensors response efficiency, %; DP,.= actual delaying periods, s; TD n=the time delaying efficiency,
%.

#d the means with no common subscript within each column differed significantly (P < 0.001)

SD: algilama mesafesi, m; gecikme periyotlari, s; SID: sensorlerin intertesyal mesafesi, mm: SRac : kaydedilen gergek algilama
mesafesi, bir kez; SR: PIR sensdrlerinin tepki etkinligi, %; DP..= gercek gecikme periyotlar, s; TD n= zaman gecikme etkinligi, %.

CONCLUSIONS

The automatic warning and shutoff circuits' use of passive infrared sensors demonstrated extremely
high efficiency. Providing the daylight resistance to the passive infrared sensors led to an increase in the
efficiency of the sensors responses to 95.83%. The best levels for adjusting the sensitivity of the electronic
insurance device for operators and agricultural machinery are when setting the sensing level at 0.25 m, the
delay period at 30 s, and the interstitial distance between the sensors at 150 mm. The highest value of
time-delaying efficiency was 98.20% when calibrating the device at the most accurate levels. It can be
recommended to rely on the developed electronic insurance device to protect operators of agricultural
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equipment with a high risk factor after the tests. It can be recommended to conduct tests on the electronic
safety device and attach it to various agricultural equipment such as hay balers, mowers, cutters, and
threshing machines to maximize the benefit of the electronic safety device during agricultural machinery
operations.
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ABSTRACT

Objective: The objective of this was to identify the impact of various organic
fertilizers on the yield and quality characteristics of Lippia citriodora L. plants
and assess their adaptability under the ecological conditions of Aydin.
Furthermore, it was also aimed to provide information on the potential of organic
fertilizers to enhance crop productivity by minimizing the employment of
chemical fertilizers.

Material and Methods: The study was conducted for two years (2018-2019) in
Aydin ecological conditions. Six different organic fertilizers and one control were
tested in the study, these are microbial fertilizer, animal-based liquid organic
fertilizer, solid seaweed fertilizer, animal manure compost, leonardite and plant-
based liquid organic fertilizer.

Research Findings: Organic fertilizers have a significant effect on all
measured traits as compared to control, it may be due to biofertilizers can
increase photosynthetic texture by increasing nitrogen, phosphorus and sulfur
uptake, which these elements play an important role in chlorophyll production
and required enzymes production. This can be the reason for obtaining positive
effect of biofertilizers on plant growth and development.

Conclusion: Overall, findings suggest that the use of humic acid-containing
fertilizers and proper organic fertilizer management can improve the growth and
yield of Lippia citriodora L. plants.

0z

Amag: Bu galisma, Lippia citriodora L. bitkisinin verim ve kalite 6zellikleri
Uzerinde gesitli organik gubrelerin etkisini belirlemeyi ve Aydin ekolojik
kosullarina uyumlarini  degerlendirmeyi amaglamistir. Ayrica arastirma

bulgulari, kimyasal gubre kullanimini en aza indirerek urtin verimliligini artirmak
icin organik glbrelerin potansiyeline dair bilgi saglamayi hedeflemistir.

Materyal ve Yontem: Calisma Aydin ekolojik kosullarina iki yil (2018-2019)
sureyle yurutilmustiur. Calismada alti farkh organik gubre ve bir kontrol test
edilmistir, bunlar mikrobiyal glibre, hayvan bazli sivi organik gibre, kati deniz
yosunu giibresi, hayvan gubresi, leonardit ve bitki bazli sivi organik gibredir.

Arastirma Bulgulari: Organik giibreler, bitki buylimesi ve gelisimi Uzerindeki
olumlu etkisi, azot, fosfor ve kukurt alimini arttirarak fotosenteze katki
saglamasi ve bu elementlerin klorofil ve gerekli enzimlerin tretimi igin 6nemli bir
rol oynamaktadir. Organik giibreler, kontrol grubuna kiyasla tim dlgilen
ozellikler bakimindan énemli bir etkiye sahip oldugu saptanmistir.

Sonug: Bulgular, humik asit igeren gubrelerin kullanimi ve uygun organik glibre
yontemleri ile Lippia citriodora bitkilerinin blyime ve verimini artirabilecegini
gostermektedir.
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INTRODUCTION

The utilization of chemical fertilizers in the agricultural sector has resulted in a conspicuous
augmentation of crop productivity. Nonetheless, this particular practice has concurrently given rise to
deleterious effects on enduring soil productivity and the inherent natural equilibrium (Tortopoglu, 2000;
Kendirli, 2010; Demir, 2021). Previous studies have demonstrated that chemical fertilizer applications
to soil are only partially absorbed by plants, resulting in significant amounts of nitrogen and phosphorus
leaching from crop fields and entering the atmosphere or drain water sources. This fact contributes to
the generation of greenhouse gases, eutrophication in aquatic systems and soil salinization (Simpson
et al., 2011; da Costa et al., 2013). In recent years, a growing societal awareness has emerged
regarding the adverse impact of chemical fertilizers on the environment and human health. There is an
increasing shift towards agricultural products cultivated through sustainable methods that uphold
natural balances and avoid leaving toxic residues in the human body (Demir, 2021). Furthermore,
organic fertilizers play a pivotal role in maintaining soil structure, conserving water, reducing soil
erosion and preventing the depletion of natural resources. Moreover, it promotes the growth of
beneficial soil organisms and maintains a healthy and diverse ecological system (Caris-Veyrat et al.,
2004; Luthria et al., 2010; Vallverdi-Queralt et al., 2012; Oliveira et al., 2013). The utilization of organic
fertilizers is especially vital for the cultivation of medicinal and aromatic plants in certified organic
farming systems. These systems prohibit the use of synthetic fertilizers due to the detrimental effects
as previously stated.

Medicinal and aromatic plants have various uses, either directly or indirectly, in the spice, tea,
pharmaceutical and cosmetic industries, also they are gaining recognition in the scientific community due
to their potential therapeutic properties. These plants are also utilized in the cosmetic industry for their
refreshing fragrance. Aside from its use in the industry, Lippia citriodora leaves can be used to prepare
phytotherapeutic teas that are known to offer various health benefits (Mosavi, 2012). These teas have a
calming effect on the nervous system, which can help reduce anxiety and promote improved sleep (Amini
et al., 2016).

The objective of this was to identify the impact of various brand organic fertilizers on the yield and
quality characteristics of Lippia citriodora L. plants and assess their adaptability under the ecological
conditions of Aydin. The research findings could provide insights into the potential of organic fertilizers to
increase crop productivity while minimizing to use of chemical fertilization.

MATERIALS and METHODS

This study was conducted for two years in 2018 and 2019 at the experimental field of the
Department of Field Crops, Faculty of Agriculture, Aydin Adnan Menderes University. Information about
the materials and organic fertilizers used in the experiment is presented below.

Climatic features

Table 1 shows the average temperature and precipitation for Aydin/Kogarli in 2018, 2019 and the
long period. The data indicates that 2019 has generally higher temperature and precipitation values than
2018, with the exception of June and July which were much hotter in 2018. The yearly average
temperature increased from 18.0°C to 19.0°C, while the yearly average precipitation increased from 514.7
mm to 618.6 mm however the precipitation (mm) values for both 2018 and 2019 was lower than long-
period averages. Also, it can be seen that both 2018 and 2019 yearly average temperature (°C) values
are higher than long-period temperature (°C).
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Table 1. Average temperature and precipitation values of Aydin/Kogarl in 2018, 2019 long period (1941-2022)
Cizelge 1. Aydin/Kogarli bolgesinin 2018, 2019 ve uzun dénem (1941-2022) ortalama sicaklik ve yadis miktarlari

Aydin/Kogarli Average Temperature (°C) Precipitation (mm)
Months 2018 2019 Long Period 2018 2019 Long Period

January 7.7 8.5 8.1 84.8 206 118.9
February 11.2 10.6 9.4 71.4 58.3 92.3
March 13.8 13.3 11.7 39.6 28.6 70.6
April 18.3 16 16 5.2 56.9 47.5
May 22.4 21.6 20.9 34.8 11.9 35.9
June 18.5 26.9 25.6 0 26.9 16.4
July 34.2 28.5 28.3 0 12 7.5
August 28.6 29.3 27.7 8 0 5.7
September 31.6 24.4 23.7 18.2 16.6 17.3
October 17.1 21.4 18.6 324 29.4 435
November 8.8 16.5 135 127.3 65.1 81.7
December 4.2 10.5 9.5 93 117.7 122.6
Average 18 19 17.7 514.7 618.6 659.9

Meteorology (MGM), 2022.
Soil properties

Based on the results as tabulated in Table 2, it can be inferred that the soil has a strong alkaline
nature, free from salinity and has a calcareous composition. The soil texture is clay loam, which is good
for water retention and nutrient availability. The low organic matter content indicates that the soil may
require additional nutrients for optimal plant growth. The phosphorus and potassium levels are also low,
which may impact plant growth and development. However, the soil is rich in calcium and magnesium,
which are essential nutrients for plant health.

Table 2. Soil analysis results of field of study

Cizelge 2. Deneme alaninin toprak analiz sonuglari

Salinity . Organic Phosphorus  Potassium Calcium Magnesium
PH (usiem) ~ HMe(O) o Textwre - yiauer o))  (ppm) (ppm) (ppm) (ppm)
8.2 601 3.58 Clay Loam 1.51 6.9 130 4585 553
Strong Salinity- ) . .
Alkaline free Calcareous Low Low Low High Very High

Aydin, Department of Agriculture and Forestry, Soil Analysis Laboratory.
Material

Lemon Verbena (Lippia citriodora L.) belongs to the Verbenaceae family. Due to the difficulty of
propagation through seeds, cuttings obtained from rootstock plants provided from the Bayindir district of
izmir. Cuttings were planted in bags prepared with peat and rooted through the process of vegetative
propagation. After cuttings were rooted, these seedlings were planted in the field and measurements
were obtained first and second year of plants.

Method

Field Experiment was designed as a randomized block design. with three replications. Each parcel
in the experiment consisted of 4 rows, each 4 meters long and containing ten plants. There was a 1-meter
distance between the parcels and a 2-meter distance between the blocks and the area of each parcel and
the total field area was 6.4 m2 (4m*1.6 m) and 380.8 m? (34 mx11.2m).
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Seven different applications were tested, including microbial fertilizer, animal-based liquid organic
fertilizer, solid seaweed fertilizer, animal manure compost, leonardite, plant-based liquid organic fertilizer,
and control. The fertilizers were applied to the soil based on the description provided by the brand of product
during the initial planting of the seedlings in the first year's spring and the second year's spring, the soil was
re-fertilized once more. . Conventional methods were used as needed to avoid using herbicides in weed
control. The doses of fertilizers applied are based on the recommended doses of the companies.

The following fertilizers were used in the study:

1. Microbial Fertilizer: Bontera brand microbial fertilizer was used. Its contents include Bacillus
amyloliquefaciens, Bacillus pumilus, Bacillus subtilis, Bacillus licheniformis, Bacillus megaterium,
Trichoderma harzianum, and Trichoderma konigii. Bacterial count: 1.2 x 10"8 CFU/mL. pH: 6-8.

2. Animal-based Liquid Organic Fertilizer: Colostrum brand fertilizer was used. Its contents are;
Organic substance: 44%, Organic Carbon: 24%, Organic Nitrogen: 6.8%, Amino Acids: 14%, pH: 5.5-7.5.

3. Solid Seaweed Fertilizer: Sea farm brand fertilizer was used. Its contents include Organic
substance: 45%, Potassium oxide: 5%, Alginic Acid: 2.5%, pH: 7-9.

4. Animal Manure Compost: Organic solid animal manure was used.

5. Leonardite: Perl humus brand was used. Its contents include Organic substance: 60%, Humic +
Fulvic Acid: 60%, Maximum Moisture: 35%, pH Range: 5.5-7.5.

6. Plant-based Liquid Organic Fertilizer: Tekog brand was used. Its contents are; Total Organic
substance: 40%, Organic Carbon: 18%, Total Nitrogen (N): 3%, Soluble Potassium K,O: 4%, pH Range:
3.5-5.5. It also contains a certain amount of humic acid and more than 20 enzymes.

7. Control: No fertilizer applied.

In study, measurements of leaf length (cm), leaf width (cm) and plant height (cm) were taken from 10
randomly selected plants prior to harvest. Afterwards, the harvest of the plants in the parcels was carried
out,excluding edge of parcel. The measurements obtained from the harvested plants were used to
determine fresh herbage yield (kg/da), dry herbage yield (kg/da), fresh leaf ratio (%), fresh leaf yield (kg/da),
dry leaf ratio (%), dry leaf yield (kg/da), essential oil content (%) (Wichtl, 1971), and essential oil yield (I/da).

Data Analysis

The obtained data were analyzed separately and differences were determined using the F-test.
Variance analyses were performed using JMP Pro v.16 software. Statistically significant factors were
grouped using the LSD (Least Significant Difference) test. Insignificant factors in the LSD test were
compared based on mean tables.

RESULTS and DISCUSSION

The results of the analysis of variance of the data obtained from the measured parameters in this
study are presented in Table 3. When the results were examined, it was determined that different organic
fertilizers had a significant effect on leaf length (cm), plant height (cm), drog leaf yield (kg/da) and essential
oil yield (I/da) at **P<0.01 level according to 2018 (1st year) data. In addition, the effects of organic fertilizers
on leaf width (cm), fresh herb yield (kg/ha), drog herb yield (kg/ha), dry leaf ratio (%) and essential oil
content were found to be significant at *P<0.05 level. The effects of organic fertilizers on fresh leaf ratio (%)
and fresh leaf yield (kg/ha) were found to be insignificant.

When the results of 2019 (2nd year) in Table 3 were examined, it was determined that different
organic fertilizers had a significant effect on leaf length (mm), leaf width (mm), plant height (cm), fresh leaf
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ratio (%), fresh leaf yield (kg/da), drog leaf yield (kg/da), essential oil content (%) and essential oil yield at a
probability level of **P<0.01. In addition to this, the effects on the drog leaf ratio (%) were found to be
significant at a probability level of *P<0.05, while the values of fresh herb yield (kg/ha) and drog leaf ratio
(%) were affected insignificantly.

Table 3. Significance levels of F-values in variance analysis for various organic fertilizer applications on the Lippia citriodora plant

Cizelge 3. Farkli organik glibre uygulamalarinin Lippia citriodora bitkisi lizerine etkisine iliskin varyans analiz sonucu F degerleri

Parameters/Years 2018 2019
Leaf Length 18,5** 16,10**
Leaf Width 4,79% 25,85
Plant Height 8,33* 88,03**
Fresh Herbage Yield 3,25* 2,76*
Drog Herb Yield 4,38* 3,73*
Fresh Leaf Eatio 0,89 6,86**
Fresh Leaf Yield 2,32 7,69**
Drog Leaf Ratio 4,07* 2,74
Drog Leaf Yield 5,23** 5,15**
Essential Oil Content 3,16* 5,86**
Essential Oil Yield 6,89** 6,47**

**P<0.01, *P<0.05 significance level.

Mean values and LSD groups for leaf length, leaf width and plant height are given in Table 4. When
leaf length and width values were inspected, it can be stated that plant-based Liquid Organic fertilizers
(PBF) and Leonardite (LEO) fertilizers had better values than other applications in 2019. This suggests
that PBF and LEO fertilizers positively impacted leaf development, especially after the first year.

Moreover, the study revealed that different fertilizer applications affect plant height differently.
While microbial fertilizer (MF) and animal-based liquid organic fertilizer (ABF) were more prominent in
terms of plant height in 2018, PBF and LEO fertilizer applications were identified as the most effective in
2019 (Table 4). The results indicate that the impact of different fertilizer applications on plant height can
vary depending vegetation year of the plant. Furthermore, when the effects of PBF and LEO fertilizers on
leaf length, leaf width and plant height were evaluated, better results were obtained compared to other
applications according to the results of this study.

Table 4. Effect of different organic fertilizer applications on Lippia citriodora plant’s leaf length, leaf width and plant height

Cizelge 4. Farkli organik giibre uygulamalarinin Lippia citriodora bitkisinin yaprak uzunlugu, yaprak genisligi ve bitki boyu (lizerine etkisi

. Leaf Length (mm) Leaf Width (mm) Plant Height (cm)

Fertilizers
2018 2019 2018 2019 2018 2019

MF 75.30 bc 82.67 b 14.93 bc 16.43d 212.67 a 235.86 b
ABF 70.17 cd 76.53 ¢ 15.37b 18.10c 209.67 a 227.38 bc
SF 74.03 bc 79.43 bc 16.20 ab 19.90 b 205.00 ab 225.00 ¢
AMC 77.83 b 81.33 bc 14.90 bc 20.17b 191.59 b 228.33 bc
LEO 73.27 bc 94.73 a 15.60 ab 22.00 a 191.44 b 285.48 a
PBF 90.70 a 94.90 a 17.07 a 22.63a  205.99 ab 290.48 a
C 65.50d 83.67 b 13.73 ¢ 15.77d 164.38 c 222.62c
Average 75.26 84.75 15.40 19.29 197.25 245.02
LSD 5.59 5.53 1.47 1.58 17.75 9.69

MF: Microbial fertilizer, ABF: Animal-based Liquid Organic Fertilizer, SF: Solid Seaweed Fertilizer, AMC: Animal Manure Compost,
LEO: Leonardite, PBF: Plant-based Liquid Organic Fertilizer, C: Control.
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Additionally, the study revealed that different fertilizer applications have varying effects on plant
height. While microbial fertilizer (MF) and animal-based liquid organic fertilizer (ABF) were more
prominent in terms of plant height in 2018, PBF and LEO fertilizer applications were identified as the most
effective in 2019 (Table 4). The results indicate that the impact of different fertilizer applications on plant
height can vary depending on the year.

According to Rajaraman & Pugalendhi (2013) humic acid including fertilizers can affect leaf nutrient
content, including leaf nitrogen content, which can impact leaf size. Also, some other researchers stated
that higher levels of nutrient availability in soil may lead to increased intake of micronutrients from the sall,
resulting in increased nutrient contents in leaves (Samson & Visser, 1989; Adani et al., 1998). In our
study, it is possible that fertilizer applications containing humic acid, such as PBF and LEO may have led
to increased leaf characteristics such as leaf length and leaf weight as compared to other fertilizer
applications. Yeshiwas (2017) and Deng et al. (2021) stated fertilizer applications can enhance the plant's
photosynthetic capacity by increasing the leaf area and chlorophyll content. This means that more
efficient and effective plant growth and overall increased yield. Ozyilmaz et al. (2020) determined the
average plant height of L. citriodora as 152.3 cm in their study. Elsayed et al. (2020) and Purbajanti et al.
(2019) stated that both organic and inorganic fertilizers significantly improve plant growth, including plant
height. Similarly, this study showed significant improvement in plant height with the use of organic
fertilizers. In summary, these findings suggest that using humic acid-containing fertilizers and proper
fertilizer management can improve the growth and yield of L. citriodora plants.

The results presented in Table 5 show the averages and LSD groups for fresh herbage vyield
(FHY), drog herbage yield (DHY) and fresh leaf ratio (FLR) of L. citriodora plant with different organic
fertilizers. The findings indicate that plant-based liquid organic fertilizer (PBF) application resulted in the
highest fresh herbage yield (FHY) values in both years and on the other hand, PBF and leonardite (LEO)
fertilizers were found to have the highest values for drog herbage yield (DHY), separated from other
fertilizer groups. These results suggest that PBF and LEO fertilizers are more effective on drog herb yield
than other applications. Additionally, when the fresh leaf ratio (FLR) was examined, PBF, LEO, microbial
fertilizer (MF), ABF, and AMC fertilizers were in the same LSD group in 2019, indicating that they were
equally effective in improving the FLR trait.

Table 5. Effect of different organic fertilizer applications on Lippia citriodora plant’s fresh herb yield, drog herb yield and fresh leaf ratio

Cizelge 5. Farkli organik glibre uygulamalarinin Lippia citriodora bitkisinin yesil herba verimine, drog herba verimine ve yesil yaprak
oranina etkisi

Fertilizers Fresh Herb Yield (kg/da) Drog Herb Yield (kg/da) Fresh Leaf Ratio (%)
2018 2019 2018 2019 2018 2019
MF 2007.29 abc 3134.38 ¢ 1271.16 ab 1431.04 b 55.33 49.67 a
ABF 1707.87 c 4866.41 ab 998.17 c 2236.72 ab 56.00 48.20 ab
SF 1983.24 abc 3740.23 bc 1108.16 bc 1642.94 b 54.20 42.33 bc
AMC 1799.74 bc 3632.81 bc 1033.88 bc 1547.96 b 54.47 48.67 ab
LEO 2140.36 ab 4707.03 ab 1424.69 a 2548.45 a 55.07 54.33 a
PBF 2307.16 a 5304.69 a 1434.49 a 2829.57 a 55.67 5453 a
C 1876.44 bc 3155.77 ¢ 1133.72 bc 1524.49 b 56.27 40.33 ¢
Average 1974.59 4077.33 1200.61 1965.88 55.29 48.30
LSD 347.20 1328.53 260.40 896.21 7.85 6.33

MF: Microbial fertilizer, ABF: Animal-based Liquid Organic Fertilizer, SF: Solid Seaweed Fertilizer, AMC: Animal Manure Compost,
LEO: Leonardite, PBF: Plant-based Liquid Organic Fertilizer, C: Control.

Karik & Azkan (2011)'s study determined that L. citriodora produced between 486.2-1075.7 kg/da
of fresh herbage yield in the first year and 830.7-1458.0 kg/da in the second year. The dry herbage yield
ranged between 196.0-433.8 kg/da in the first year and 337.8-610.2 kg/da in the second year. In a
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different study, Rode (1997) reported 284.0-713.75 kg/da fresh herbage yield for L. citriodora. In our
study, we found that the fresh herbage yield was between 1707 and 2307 kg/da in the first year and 3134
to 5304 kg/da in the second year, while the drog herbage yield was 998 to 1434 kg/da in the first year and
1431 to 2829 kg/da in the second year.

The study by Karik & Azkan (2011) provides information regarding the fresh and dry herbage yields of
L. citriodora over two consecutive years. The results of their study show that the fresh herbage yield of L.
citriodora was higher in the second year than in the first year, this indicating that the plant may require more
time to reach its maximum yield potential due to it is a perennial type plant. Moreover, the wide range of fresh
and dry herbage yield values observed in their study suggests that the yield performance of L. citriodora can
be influenced by various factors, such as soil conditions, environmental conditions, and management
practices. The main factor for a wide range of yield values were different planting density for their study.

According to Gharib et al. (2008), biofertilizer treatments increase the fresh and dry weight of herbs
as compared to the control. Organic fertilizers have beneficial effects on plant growth and development.
They make soil nutrients biologically available to plants, produce plant hormones, affect plant metabolism,
and control harmful pathogens (Ping & Boland, 2004).

Can & Katar (2020) investigated the effects of different organic fertilizers (Lifebac-Np, Bactoguard,
Humica Power) on the fresh herbs yield in Mentha spicata and Mentha x piperita species. The researchers
reported that the organic fertilizers did not show a significant difference in fresh herb yield. However, there
were differences between years and this was attributed to climatic factors by the researchers.

The findings from Rode (1997)'s study on L. citriodora are consistent with Karik & Azkan's (2011)
study in terms of the range of fresh herbage yield values. The fresh herbage yields reported in our study
are considerably higher than those reported by Rode (1997) and Karik & Azkan (2011). This could be
attributed to differences in the growing conditions, management practices or genetic variability of the plant
material used in these studies. Can & Katar (2020) found that Lifebac-Np fertilizer containing Bacillus
group bacteria was more effective on fresh herb and dry herb yields than Humica Power fertilizer
containing humic/fulvic acid. Also, researchers indicated that It can be explained by the ability of Bacillus
spp. bacteria in microbial fertilizer to synthesize phytohormones such as auxin and cytokinin (Castanheira
et al.,, 2013). However, according to the results of this study it is seen that LEO and PBF fertilizers
containing humic/fulvic acid are more effective on fresh herb and dry herb yields, MF fertilizer containing
Bacillus group bacteria was effective on fresh herb yield in 2018, and other than that, fertilizers containing
humic/fulvic acid were found to be more effective. This difference may be due to the fact that the studied
plants were different.

Several hypotheses have been proposed regarding the effects of humic substances, their
involvement in improving enzyme catalysis, their influence in stimulating respiration, photosynthesis and
nucleic acid metabolism, and their hormonal activity (Muscolo et al., 1999; Nardi et al., 2002).

Overall, this results contributes valuable insights into the use of organic fertilizers, especially PBF
and LEO, as effective tools for enhancing the growth and yield of L. citriodora plants. However, further
research is recommended to explore the underlying mechanisms behind these fertilizers' effects and
better understand the potential variations in plant responses under different environmental conditions and
plant varieties. These results provide valuable insights into the yield potential of L. citriodora, which can
be useful for farmers and researchers interested in cultivating and studying this plant species.

The mean values and LSD groups for fresh leaf yield (FLY), frog leaf ratio (%) and drog leaf yield
(kg/da) are tabulated Table 6. The numerically highest values for DLR and DLY were obtained from LEO
fertilizer in the first year (2018), while the numerically highest values were obtained from PBF fertilizer in
second year (2019). FLY (kg/da) has reached the numerically highest value for PBF in the first year, while
both PBF and LEO fertilizers produced the numerically highest values in the second year. According to
these results, differences between the two years are noticeable. This could be due to the first year was
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growth stage of plant. While these results were also evident in the previously mentioned for yield
parameters like DLY and numerically FLY and DLR were affected more prominently with PBF and LEO
fertilizers in both years. This could be due to the effect of different forms of fertilizers.

Table 6. Effect of different organic fertilizer applications on Lippia citriodora plant’s fresh leaf yield, drog leaf ratio and drog leaf yield

Cizelge 6. Farkli organik giibre uygulamalarinin Lippia citriodora. bitkisinin yesil yaprak verimi, kuru yaprak orani ve kuru yaprak
verimi Uizerine etkisi

Fertilizers Fresh Leaf Yield (kg/da) Drog Leaf Ratio (%) Drog Leaf Yield (kg/da)
2018 2019 2018 2019 2018 2019

MF 1116.75 ab 1542.75 ¢ 47.08 bc 46.79 abc 609.10 bc 665.32 ¢
ABF 951.54 b 2346.23 ab 42.89c¢c 44.25 bc 426.93 ¢ 994.48 bc
SF 1070.97 ab 1632.10 c 46.25 bc 46.18 abc 526.29 ¢ 751.42c
AMC 972.88 b 1746.88 bc 45.98 bc 46.49 abc 480.32 ¢ 71354 c
LEO 1176.75 ab 2565.04 a 58.05 a 50.41 ab 825.98 a 1274.27 ab
PBF 1294.89 a 2895.03 a 50.50 b 52.33a 726.17 ab 1483.75 a
C 1056.42 ab 1353.71¢c 46.06 bc 42.81c 522.20 c 652.06 c
Average 1091.46 2011.68 48.11 47.04 588.14 933.55
LSD 239.13 648.83 7.46 6.14 191.15 444.85

MF: Microbial fertilizer, ABF: Animal-based Liquid Organic Fertilizer, SF: Solid Seaweed Fertilizer, AMC: Animal Manure Compost,
LEO: Leonardite, PBF: Plant-based Liquid Organic Fertilizer, C: Control.

Karik & Azkan (2011) reported drog leaf yields of 212.5 kg/da in the first year and 271.3 kg/da in
the second year. Rode (1997) found that drog leaf yields ranged between 42.6-118.1 kg/da, while
Ozyilmaz et al. (2020) determined fresh leaf yields of 553.6 kg/da and drog leaf yields of 83.8 kg/da.
Mohammadi et al. (2013a) reported that the control groups' fresh and dry leaf weights were 322.8 kg/da
and 151.3 kg/da, respectively. They also reported that fresh leaf yield increased up to 636.4 kg/da and
drog leaf yield up to 307.5 kg/da in plots where fertilization was applied.

According to Solmaz et al. (2018) study, increasing doses of leonardite application were
determined to increase vyield in the dry matter of plants. Purwanto et al. (2021) suggested that humic
substances increase crop P uptake since they can compete with P to be bound to soil adsorption
complexes. In agreement with this, Kaya et al. (2020) observed that leonardite enhanced leaf P and yield
in maize under water stress in calcareous soils.

According to Abdel-Baky et al. (2019) fulvic acid fertilizers significantly promote vegetative growth
and dry matter production by increasing the development of shoots and roots, increasing leaf area, and
Chl. accumulation. Promoting root growth enhances the capacity to uptake and utilize nutrients from the
soil making higher dry matter accumulation.

Esringii et al. (2015)’s study results showed that treatments of HA (40 mg kg'l) and FA (40 mg kg'l)
enhanced the growth significantly when compared to the control groups. This result shows the promoting
effects of HA and FA on plant growth parameters as the number of buds, plant height, number of main
shoots, number of side shoots, plant diameter, root length, fresh root weight, dry root weight, fresh shoot
weight and dry shoot weight. The Results obtained by Mohammadi et al. (2013b) indicated that biological
fertilizers had significant effects because biological fertilizers increase the photosynthesis tissue amount
with help of nitrogen, phosphorus and sulfur absorption which have effects on Chlorophyll production and
plant enzyme production.

By regarding these results, the use of biological fertilizers had positive effects on the improving
growth of Lippia citiodora plant. Biological fertilizers have undeniable importance in soil fertility,
particularly in sandy soils with low organic matter content. Also increases leaf microelement values and
nutrient-rich and slow-release organic fertilizers contribute to productivity for a long time as found by
Yoldas et al. (2009), Mordogan et al. (2017).
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Table 7 compares the essential oil content (EOC) and essential oil yield (EQY) of different
fertilizers over two years. In the first year, LEO fertilizer resulted in numerically the highest EQY values,
while MF fertilizer led to numerically the highest EOC values. The EOC values for this year ranged
between 0.42% to 0.61%. This indicates that the use of LEO, MF and SF fertilizers could be beneficial for
increasing the overall quality of essential oils in the first year.

Table 7. Effect of different organic fertilizer applications on Lippia citriodora plant’s essential oil content and essential oil yield.

Cizelge 7. Farkli organik glibre uygulamalarinin Lippia citriodora bitkisinin ugucu yag icerigine ve ugucu yag verimine etkisi.

Essential Oil Content (%) Essential Oil Yield (I/da)

Fertilizers

2018 2019 2018 2019
MF 0.6la 0.63c¢c 3.83ab 4.09b
ABF 0.43 bc 0.53¢c 1.81d 531b
SF 0.54 abc 0.48c 2.86 becd 355b
AMC 0.43 bc 0.67 bc 2.0l cd 4.86b
LEO 0.56 ab 0.87 ab 456 a 11.45a
PBF 0.42c 0.88a 3.11 bc 13.22a
C 0.46 bc 0.50c 241cd 3.26b
Average 0.49 0.65 2.94 6.53
LSD 1.32 2.12 1.15 4.88

MF: Microbial fertilizer, ABF: Animal-based Liquid Organic Fertilizer, SF: Solid Seaweed Fertilizer, AMC: Animal Manure Compost,
LEO: Leonardite, PBF: Plant-based Liquid Organic Fertilizer, C: Control.

In the second year, PBF and LEO fertilizers resulted in the highest EQY values, forming a separate
group from other fertilizers. This implies that these fertilizers may be more effective in increasing the
essential oil yield in the second year. From a statistical perspective, the highest EOC values in the
second year were observed using PBF and LEO fertilizer, with a range of 0.53% to 0.88%.

These findings suggest that different fertilizers have varying effects on the quality characteristics of
essential oils over time. LEO appears to be a consistent choice for increasing EQY values, MF-LEO-SF
and PBF-LEO fertilizers seem to be more effective at improving EOC values in the first and second years,
respectively. Further research may be needed to optimize the use of these fertilizers for different crops
and conditions.

Can & Katar (2020) reported that the average organic fertilizer applications in Mentha spicata
species were higher in 2019 (1.97%) as compared to 2018 (1.80%). Organic fertilizer applications did not
have a significant effect on the essential oil ratio in both mint species, however, the highest essential oil
ratio was determined in the Lifebac-Np application with 1.94% in Mentha spicata and in the Humica
Power application with 2.24% in Mentha x piperita.

Studies on the subject reported that organic fertilizer significantly increased the essential oil ratio in
Mentha species (Mahboobeh et al., 2014; Sheykholeslami & Almdari, 2019). This can be explained by the
differences in the content, dosage and application method of organic fertilizers used in the studies.
Similarly, Keshavarz and Sanavy (2018) reported that the essential oil ratio did not change significantly
with organic fertilizer application. Alsafar & Al-Hassan (2009) stated that as the growth rate increased with
increasing fertilization, the essential oil yield also increased. Similar to oil percentage, essential oil yield
was also improved by 13% related to control when treatment was applied.

Rasouli et al. (2022) found that different fertilizers combined with HA (humic acid) fertilization
increased EOC up to 30-37% as compared to control. The highest EOC was obtained with chemical
fertilizer x HA (0.248%) and chemical fertilizer x without HA (0.244%). The least EOC was recorded in the
control (0.181%).
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For essential oil yield (EOY), Rasouli et al. (2022) suggest that HA and their combinations were
significant on the EOY. Chemical fertilizer x without HA and chemical fertilizer x HA led to the highest
EOY (0.720 g m™ and 0.692 g m™ respectively). While the least EOY was recorded in control with 0.288 g
m. The application of various fertilizers and HA improved EOY up to 132-150% over the control.

Karik & Azkan (2011) reported EOC and EQY values of 0.90% for both the first and second years.
Shahhoseini et al. (2018) found EOC as 1.77% and 17.11 I/da for EQY. Ozyilmaz et al. (2020) reported
EOC as 0.30%, while Rode (1997) found EOC values between 0.50-0.54% and EOY values between 0.4-
1.2 l/da. Ateia et al. (2009) concluded that plants can benefit from the application of specific organic
fertilizers for improving growth, yield, and essential oil constituents. This finding highlights the significance
of organic farming practices in promoting sustainable agriculture and providing clean and high-quality
agricultural products. According to Shahhoseini et al. (2018) EOC and EOY of lemon verbena were
significantly improved by fertilizer treatments.

This and other studies demonstrated the potential benefits of using appropriate fertilizers to
enhance the quality characteristics of essential oils in plants. Different fertilizers show varying effects, so
further research is needed to optimize fertilizer use for different crops and conditions.

As results indicated before, bio-fertilizers had a significant effect on all measured traits compared to
control, it may due to biofertilizers can increase photosynthetic texture by increasing nitrogen, phosphorus and
sulfur uptake, which these elements play an important role in chlorophyll production and required enzymes
production. This can be the reason for positive effect of biofertilizers on plant growth and development.

CONCLUSIONS

In this study, the impact of various organic fertilizers on the growth and yield of L. citriodora plants
was investigated over a period of two years. The objective of the experiment was to determine the
effectiveness of different organic fertilizers sold by different companies for enhancing growth and vyield
characteristics of cultivated plants. The results demonstrated that the effects of different organic fertilizers
were not uniform across all aspects of plant growth and yield.

Two organic fertilizers, Plant-based Liquid Organic Fertilizer (PBF) and Leonardite (LEO) were
found to be particularly beneficial for improving leaf traits, such as leaf length, width and overall plant
height. These fertilizers promoted the growth of larger leaves, which is essential for the commercial value
of L. citriodora plants. Furthermore, PBF and LEO fertilizers proved to be more effective in enhancing the
drog herb yield when compared to other applications tested in this study.

In addition to PBF and LEO fertilizers, the research also highlighted the efficacy of microbial
fertilizer (MF) in improving the fresh leaf ratio (FLR) trait. It was found that PBF, LEO, MF, ABF and AMC
fertilizers were equally effective in promoting a higher FLR, which is a crucial factor in determining the
overall quality of the L. citriodora plants.

Overall, these findings suggest that the use of humic acid-containing fertilizers and proper organic
fertilizer management can improve the growth and yield of L. citriodora plants.
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ABSTRACT

Objective: The objective of this study was to identify weeds in corn fields and to
determine their prevalence and density in Antalya, which is one of the major
provinces in Tlrkiye with regard to corn production.

Material and Methods: Observations were carried out in a total of 47 corn fields
in 2020. The number of fields to be surveyed in each district was determined
according to the corn cultivation areas. Similarly, the number of quadrats thrown in
each field was determined according to the field size. Care was taken to ensure
that the fields to be observed were not close to each other. Densities and
coverage areas of weeds on the basis of species were recorded in each field.

Results: According to survey results; 26 weed species belonging to 14 families
were determined. Among these, it was found that the prominent species were
found to be Cyperus rotundus L., Echinochloa crus-galli (L.) P. Beauv., Sorghum
halepense (L.) Pers., Portulaca oleraceae L. and Ipomoea triloba L. The average
coverage area of weeds in corn fields was determined to be as 18.7% while the
average density was determined to be 21.5 plant m2,

Conclusion: It was concluded that the density of weeds in the corn cultivation
areas of Antalya province is high and it is necessary to control weeds more effectively.

0z
Amag: Basarili bir yabanci ot kontrolii, dncelikle tirlerin dogru teshis ediimesine
baglidir. Bu galismada, misir Uretimi bakimindan Tirkiye’deki énemli illerden

biri olan Antalya’da misir tarlalarinda bulunan yabanci otlarin tespiti, yayginlk
ve yogunluklarinin belirlenmesi amaglanmistir.

Materyal ve Yontem: 2020 yihinda toplam 47 misir tarlasinda gozlem
yapilmistir. Her ilcede sirvey yapilacak tarla sayisi ekilis alanlarina gore
belirlenmistir. Benzer sekilde her tarlada atilan gergeve sayisi tarla biytkligine
gore belirlenmistir. Strvey yapilacak tarlalarin birbirlerine yakin bulunmamasina
6zen gosterilmistir. Her tarlada yabanci otlarin tir bazinda yogunluklari ve
kaplama alanlari kaydedilmigtir.

Arastirma Bulgulan: Yapilan surveyler neticesinde 14 familyaya ait 26 yabanci
ot tlrl tespit edilmistir. Bunlar icerisinde Cyperus rotundus L., Echinochloa
crus-galli (L.) P. Beauv., Sorghum halepense (L.) Pers., Portulaca oleraceae L.
ve Ipomoea triloba L. 6ne g¢ikan tiurlerdir. Misir tarlalarinda yabanci otlarin
ortalama kaplanma alani %18,7, ortalama yogunluk ise 21,5 bitki/m? olarak
belirlenmistir.

Sonug: Antalya ili misir tarlalarinda yabanci ot yogunlugunun yiksek oldugu ve
yabanci ot micadelesinin daha etkili bir sekilde yapilmasi gerektigi anlasiimistir.
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INTRODUCTION

Corn (Zea mays L.) is one of the most widely cultivated crops in the world. Since it is used for
human nutrition and animal feed, it is also one of the important raw materials for the oil and starch industry.
In the last 10 years, the production of grain corn in the world has increased by about 28% to approximately
1.15 billion tons. More than half of this production is made in America (52%), 29% in Asia, 11% in Europe,
and 7% in Africa (Anonymous, 2021a). In Turkiye, according to 2020 data, grain corn production was
carried out on an area of 692 thousand hectares and with a production of 6.5 million tons (Anonymous,
2021b). The provinces in Turkiye where corn cultivation is most intensive are Adana, Konya, Mardin,
Sanlurfa, Karaman, Sakarya, and Osmaniye. However, corn, which is grown in almost every province of
Tarkiye, is the cultivated plant with the largest planted area after wheat and barley among cereals
(Anonymous, 2020). Naturally, as this intensive production increases, the problems to be solved also
ascend and change. In particular, the drought problem, which has increased in recent years and Is
expected to increase further in the coming years, as well as sudden changes in the global warming and
precipitation regime, may lead to the emergence of new species that will adversely affect corn production,
especially weeds. When the observations made in the corn planted areas in Tlrkiye are taken into
consideration, it can be said that more than 100 weed species are seen. However, not all of these have the
potential to be a problem. As corn is a plant of hot climate, the weeds that are problematic in corn areas
are mostly summer species (Kitis, 2021). These weed species, like in other cultivated plants, directly
compete with corn for factors such as space, water, nutrients, and light, and indirectly cause harm by
carrying diseases and harmful insects on them and by secreting toxic chemical substances (allelopathic
chemicals) (Zimdahl, 2004; Soltani et al., 2016). The control of weed species, which cause direct and
indirect harm to corn, is a major problem for corn producers. The most important and effective method for
controlling weeds is the usage of herbicides. However, herbicides should be used in combination with
other weed control methods in an integrated and sustainable manner in order to reduce the negative
impacts on the environment and human health, and to obtain a more effective and long-lasting control
(Dogan et al., 2004; Kitis, 2021). In this study, it is aimed to define the weed species and their population
structure elements in corn fields in Antalya province, which is one of the major provinces with regard to
corn production in Turkiye.

MATERIALS and METHODS

The main material of the study consisted of weed species in the corn fields of Antalya province.
Apart from this, a one square meter quadrat to determine the weed density and necessary materials for
identification of unrecognizable specimens in the fields were used.

Survey studies were carried out in Serik, Aksu and Manavgat districts where most of the corn
production took place in Antalya in 2020 (Figure 1). The plain continues to the east by narrowing towards
the town of Manavgat and ends in the town of Alanya. It is bordered by the city center to the west. The
surface area of the plain is about 27000 ha and its altitude vary between 0-70 m (Anonymous, 2022).

The number of surveys to be carried out in each district was determined according to the weighted
average method, taking into account the corn cultivation areas (Bora & Karaca, 1970). Accordingly,
survey studies were carried out in 47 fields in total in three districts (Table 1). Surveys were made in the
corn fields in July-August, the period when weeds are most intense after irrigation. A special care was
taken to ensure that the fields to be surveyed were not close to each other and that there was at least two
kilometers between them if possible. Observations in the field were started at least 15-20 m inside of the
field in order not to be affected by the edge effect. Four one square meter quadrats in fields up to 0.5
hectare, six for 0.5-1.0 ha fields, eight for 1.0-1.5 ha fields, and ten for the fields with a size of more than
1.5 ha were used and the density of weed species included in these quadrats was recorded. (Modified
from Zengin & Giincan, 1993). The quadrats were randomly placed to represent the field, moving along
the diagonal of the fields, and not too close to one another.
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Oyuklo Dg.

Figure 1. Antalya province map and districts where surveys were carried out.

Sekil 1. Antalya il haritasi ve surveylerin yapildigi ilgeler.

Table 1. Corn cultivation areas and number of surveys by districts

Cizelge 1. ligelerdeki misir ekim alanlari ve gergeklegtirilen survey sayilari

Districts Area planted (ha)* Number of surveys
Aksu 3572 31
Manavgat 1200 10
Serik 767 6
Total 5539 47

* Anonymous, 2019.

After the determination of density, other parts of the field were investigated and other weed species
not included in quadrats were recorded, and the coverage values (%) of weeds were recorded. Known
common weed species were written into survey forms, but the samples that were difficult to recognize
were taken in accordance with the herbarium technique, dried and then scientifically identified. Flora of
Turkey and the Eastern Islands (Davis, 1965-1985; Davis et al., 1988; Guner et al., 2000) was used to
identify plant species. Photographs of all known and unidentified weed samples were taken in the fields.

The frequency and coverage areas of weed species determined as a result of the surveys were
calculated using the following formulas belonging to Odum (1971). Evaluation was made on the basis of
arithmetic percentage in determining the frequency of incidence.

F.l. (%) =n/mx 100 (1)
O.C.A. (%) =C.A./m (2
S.CA. (%)=C.A./n 3)

Where; F.lI is frequency of incidence (%), O.C.A is overall coverage area (%), S.C.A. is special
coverage area (%), C.A. is the total value of coverage area (%) of a species across the surveyed fields, m
is the total number of sampled fields, n is the number of fields in which the species was found.

Evaluation was made on the basis of arithmetic mean in determining the density of weeds with the
following formula;

O.D. (plant m?) =T.D./ m (4)
S.D. (plantm?) =T.D./n (5)
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Where; O.D. is overall density, T.D. is total density, S.D. is special density, m is the total number of
sampled fields, n is the number of fields in which the species was found. For the determination of density,
the value obtained as a result of the counts for each weed species in a field was divided by the total area
counted in that field and the specific weed density (plant.m?) was calculated. The overall weed density
was calculated by dividing the total density of a species in the region (plant.m) to the number of surveys.

RESULTS and DISCUSSION

As a result of the surveys carried out in 47 corn fields in Aksu, Serik and Manavgat Districts; 26 weed
species are belonging to 14 plant families were found. The list of 26 species in question is given in Table 2.

Table 2. Weed species determined in corn fields in Antalya province

Cizelge 2. Antalya ili misir tarlalarinda belirlenen yabanci ot tirleri

Plant Family Weed Species OCA* SCA Over.aII Spec?al Frequency
% % Density Density
Amaranthaceae Amaranthgs retroflexus L. 0.01 0.08 0.07 0.54 13.00
Chenopodium album L. 0.29 1.13 0.22 0.85 26.09
Apocynaceae Cynanchum acutum L. 0.33 15.00 0.11 5.25 2.17
Asteraceae Songhus oIerace.us L. 0.08 0.72 0.14 1.33 10.87
Xantium strumarium L. 0.70 2.29 0.33 1.10 30.43
Boraginaceae Heliotropium europaeum L. 0.18 2.13 0.07 0.86 8.70
Convolvulus arvensis L. 0.32 1.47 0.24 1.08 21.74
Convolvulaceae Ipomoea triloba L. 142 466 158 5.18 30.43
Cucurbitaceae Cucumis melo var. agrestis Naudin 0.09 1.03 0.05 0.58 8.70
Cyperaceae Cyperus rotundus L. 3.58 4.22 4.38 5.16 84.80
Euphorbiaceae C.hr-ozophora tinc-toria (L.) Rafin. 0.91 1.90 0.77 1.61 47.83
Ricinus communis L. 0.02 0.50 0.01 0.25 4.35
Fabaceae Arachis hypogaea L. 0.09 2.00 0.03 0.60 4.35
Abutilon theophrasti Medik. 0.23 2.63 0.43 4.98 8.70
Malvaceae Corchorus olitorius L. 0.22 10.00 0.76 34.83 2.17
Hibiscus trionum L. 0.03 0.50 0.01 0.08 6.52
Cynodon dactylon (L.) Pers. 0.11 5.00 0.09 4.25 2.17
Digitaria sanguinalis (L.) Scop. 0.41 6.33 0.36 5.44 6.52
Echinochloa crus-galli (L.) P. Beauv. 3.50 4.60 6.88 9.04 76.09
Poaceae Echinochola colonum (L.) Link 0.61 2.15 0.45 1.59 28.26
Elymus repens (L.) Gould 0.30 3.40 0.25 2.85 8.70
Seteria verticillata (L.) P. Beauv. 0.76 5.00 0.93 6.11 15.22
Sorghum halepense (L.) Pers. 2.70 3.88 1.40 2.02 69.57
Portulacaceae Portulaca oleracea L. 1.54 2.14 1.74 2.43 71.74
Solanaceae Physalis angulata L. 0.26 1.18 0.18 0.81 21.74
Zygophyllaceae Tribulus terrestris L. 0.01 0.50 0.00 0.13 2.17

Abbreviations: OCA: Overall Coverage Area, SCA: Special Coverage Area.

Considering the family distribution of the identified species; Poaceae 7, Malvaceae 3 Euphorbiaceae,
Amaranthaceae, Asteraceae and Convolvulaceae 2, and eight other families were represented by one
species (Figure 2). Among the species detected in the corn fields, the most common species was purple
nutsedge (Cyperus rotundus), which was seen in 84.8% of the fields. Barnyard grass (Echinochloa crus-
galli) with 76.1%, purslane (Portulaca oleracea) with 71.7%, and Johnsongrass (Sorghum halepense) with
69.6% followed that, respectively (Figure 3). Similarly, Hancerli & Uygur (2017), was reported that purple
nutsedge (C. rotundus) is the most widespread weed species in the corn cultivation areas of the Cukurova
Region, which has very similar climate characteristics with Antalya province. Purple nutsedge has emerged
as one of the most important weed species in Antalya as a weed that can grow very well in tropical and
subtropical regions, likes water and has adapted to the vegetation of corn.
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BPOACEAE BMALVACEAE DAMARANTHACEAE OASTERACEAE
BCONVOLVULACEAE BEUPHORBIACEAE BAPOCYNACEAE BBORAGINACEAE
BCUCURBITACEAE BCYPERACEAE BFABACEAE BPORTULACACEAE
O SOLANACEAE DZYGOPHYLLACEAE

Figure 2. Proportional distribution of identified weed species to families.
Sekil 2. Belirlenen tiir sayilarinin familyalara gére oransal dagilimi.

Observation Frequency (%)

Convolvulus arvensis I 21,7
Chenopodium album ) 26,1
Ecthinochola colonum I 28,3
lpomoea trioba I 30,4

Xantium strumarium I 30,4
Chrozophora tincloria ) 47,8
Sorghum halepense | 69,6

Portulaca oleracea |, 1,7
Echinochioa crus-galli | 76,1

Cyperus rotundus ) 84,8

0,0 10,0 200 30,0 40,0 50,0 60,0 70,0 80,0 90,0

Figure 3. The frequency of the top 10 species encountered in the corn fields of Antalya province.
Sekil 3. Antalya ili misir tarlalarinda en ¢ok karsilagilan ilk 10 tiir(in rastlama sikligi.

According to the coverage values of weeds seen in the corn fields of Antalya province; It was
observed that the species with the highest coverage area was C. rotundus with 3.6%, followed by E. crus-
galli with 3.5%. Johnsongrass (S. halepense) came in third place with 2.7% (Figure 4). It has been
determined that the weeds seen in the corn fields of the Antalya Plain (Aksu-Serik-Manavgat) cover an
average of 18.7% of the fields.

In terms of density, E. crus-galli took the first place with an average of 6.9 plants m2, while C.
rotundus ranked second with 4.4 plant m. P. oleracea (1.7 plant m2) and I. triloba (1.6 plant m) took the
third and fourth rows, respectively. (Table 2). It was determined that the general average weed density in
the corn fields of Antalya province was as high as 21.5 plants per square meter. When considering both
the frequency of occurrence and the values of coverage area and density in Antalya province, it was
observed that the top five most important weed species causing problems in corn fields are C. rotundus,
E. crus-galli, S. halepense, P. oleracea, and I. triloba. The species Chrozophora tinctoria and Setaria
verticillata followed these species. With the exception of the I. triloba species, the weed species
mentioned above have been identified as important species in many studies conducted in corn cultivation
areas in Turkiye (Kagan et al., 1997; Mennan & Isik, 2003; Giingér, 2005; Hangerli & Uygur, 2017; Arslan,
2018; Turan, 2019; Alptekin et al., 2023; Tepe, 2023).

433



Dogru & Kitis

In Tarkiye, a species Ipomoea triloba, known as pink ivy by the farmers in Antalya, which is
referred to as the morning glory and laughing flowers, has been causing problems in summer crops
(particularly cotton) grown in fields of the Antalya province (Ozkil et al., 2019; Arslan & Kitis, 2021). This
ivy species which is invasive character was officially recorded for the first time by Yazlik et al. in 2014.
The species, which has increased its prevalence and density in the last 10 years, has taken its place
among the top five most important weed species in the corn fields in Antalya province today.

Coverage area (%)
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Figure 4. General coverage of weed species identified in corn fields in Antalya province.

Sekil 4. Antalya ili misir tarlalarinda saptanan yabanci ot tiirlerinin genel kaplama alani.

The species, which has a very fast and aggressive growth feature, clings to the crops in a very
short time if it is not controlled in time (Figure 5).

Figure 5. Infestation status of |. triloba in corn field in Antalya province (Aksu district-2020).
Sekil 5. Antalya ilinde misir tarlasinda . triloba’nin istila durumu (Aksu ilgesi-2020).
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For this reason, mechanical control can also be quite difficult. Three-lobe morning glory is a
species that reproduces by seed and can make more than once emergence during a vegetation period,
especially depending on irrigation. Due to this feature of the species, l.triloba make new emergence
despite the herbicides applied in certain periods (Arslan, 2022). This situation also affects corn producers
significantly. On the other hand, it is known that the mentioned species continues to spread and threatens
other crops. As a matter of fact, in the study conducted by Ozkil & Uremis (2020), it was reported that
three-lobe morning glory is also seen in peanut, soybean, eggplant, pomegranate and citrus orchards in
the Mediterranean Region, in addition to cotton and corn.

CONCLUSION

As a result, it is seen that the general coverage area (18.7%) and density (21.5 plants m?) of
weeds in the corn cultivation areas of Antalya province are quite high, and it is understood that weed
control cannot be done sufficiently and/or effectively. It is thought that the increasing input (plant
protection products and fuel oil) costs in recent years also have an effect on this. On the other hand,
changing climatic conditions, especially increasing temperatures and variable precipitation regimes cause
new and difficult-to-control species such as I. triloba to dominate the environment in subtropical regions.
This reveals that the currently applied mechanical and chemical methods should be reviewed, new active
substances should be registered, or other alternative control methods should be investigated. As an
example, flaming could be considered among these alternative methods. This technique is easily
applicable, particularly in monocot crops like corn, where the growth point is protected by a sheath.
Flame-based weed control can be effectively employed, especially during the early stages of weed
emergence and for species that resurface after each irrigation, such as I. triloba. I''s worth noting that the
number of studies on flame-based weed control in Turkey is relatively limited. However, flaming stands
out as one of the most important alternative methods that can be used post-emergence against weed
species lacking registered or effective herbicides. Research in this area holds significant importance.
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ABSTRACT

Objective: The objective of this study was to determine the effect of hazelnut
husk released after production on some physical and biological properties, nutrient
content, and hazelnut yield of hazelnut orchard soil.

Material and Methods: In experiments, each hazelnut ocak was planted at a
4.0 m x 4.5 m distance to form a parcel; Hazelnut husk was applied at doses of
0, 25, 50, and 75 kg/ocak in a randomized block design with three replications.
In the first, second, and third years following the application, soil samples were
taken after the hazelnut harvest in order to determine some physical, chemical
and biological properties, nutrient content, and hazelnut yields.

Results: Statistically, significant differences were determined in the organic
matter (OM), penetration resistance (PR), bulk density (BD), soil respiration (SR),
microbial biomass carbon (Cnic), total N, available P,Os, K,O and hazelnut yields
(p<0.01) of the soil depending on the hazelnut husk dose applications. Depending
on the application dose, hazelnut husk application increased the organic matter
content of the soil by an average of 29.84% as compared to the control.

Conclusion: As a result of the positive changes in the physical and biological
properties of the soils, increases were obtained in the applied doses in the total N,
available P,Os, K;O, and hazelnut yields of the soils as compared to the control.

0z
Amag: Bu galismada, lrretim sonrasi agiga ¢ikan findik zurufunun findik bahgesi

topraginin bazi fiziksel ve biyolojik 6zelliklerine, besin elementi igerigine ve findik
verimine etkisi belirlenmistir.

Materyal ve Yontem: Denemede 4.0 m x 4.5 m araliklarla dikilmis her bir findik
ocadi bir parseli olusturacak sekilde findik zurufu 0, 25, 50 ve 75 kg/ocak
dozlarinda tesadif bloklari deneme desenine gore Ug tekerrirli olarak ocaklara
uygulanmistir. Uygulamayi takip eden birinci, ikinci ve tGglncl yilda findik hasadi
sonrasi toprak érnekleri alinarak topragin bazi fiziksel ve biyolojik 6zellikleri, besin
elementi igerigi ve findik verimler belirlenmistir.

Aragtirma Bulgulan: Istatistiksel olarak findik zurufu doz uygulamalarina bagh
olarak topragin organik maddesi (OM), penetrasyon direnci (PD), hacim agirhgi
(HA), toprak solunumu (TS), mikrobiyal biyomas karbonu (Cmc), toplam N,
alinabilr P,Os ve KO ve findik verimlerinde (p<0.01) o6nemli farkliliklar
belirlenmistir. Findik zurufu uygulamasi topragin organik madde miktarini kontrole
gore ortalama %29.84 artirmistir.

Sonug: Topraklarin bu 6zelliklerindeki olumlu degisiklerin sonucu topraklarin
toplam N, alinabilir P,Os ve KO ve findik verimlerinde uygulanan dozlarda kontrole
gore artiglar belirlenmistir.
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INTRODUCTION

As a world's leading hazelnut producer, Turkiye accounts for 63.51% of the total production,
according to the 2021 FAO data (FAOSTAT, 2021). Tirkiye is also the leading hazelnut exporter in the
world, with its export reaching up to 61%. According to the Farmer Registration System in Turkiye, although
hazelnut is produced in 43 provinces, almost all of the commercial production is carried out in Ordu,
Samsun, Giresun, Sakarya, Duzce, Trabzon, Zonguldak, Kocaeli, Artvin, Bartin, Kastamonu, Sinop,
Gimdushane, Rize, Bolu and Tokat (TMO, 2017). Even though the hazelnut is produced in larger lands as
compared to other top hazelnut producers. But the yield is much lower than the other producers. While
France ranks first with 225 kg/da in world hazelnut yield in 2019, China ranks second with 212 kg/da and
Greece ranks third with 212 kg/da. Looking at the average yield of the last five years, Armenia ranks first
with 238 kg/da, the USA ranks second with 221 kg/da and China ranks third with 207 kg/da. Turkiye's
hazelnut yield in 2019 was 106 kg/da and the average yield of the last five years is 96 kg/da (Anonymous,
2021). The emergence of new hazelnut producers and the increase in the production of other hazelnut-
producing countries have caused Tirkiye's share in world hazelnut exports to decrease over time. While
Tiarkiye has been exporting hazelnuts in a relatively uncompetitive environment in production for many
years, it may have to compete severely with other countries in terms of quality and price in the coming years
unless necessary precautions are taken. Tirkiye, therefore, has to reduce the cost of hazelnut production
and increase the quality to the optimum level in a short time. To reduce the production cost and increase the
yield of hazelnut, it is highly important and necessary to pay attention to the chemical inputs used at the
wrong time and in excessive amounts (Eryllmaz & Kilig, 2019).

Lawandowski & Zumwinkle (1999) reported that fertile soil should have a high level of organic matter
and biological activity, stable aggregates, an environment in which plant roots can easily move, and a soil
structure where water can easily infiltrate on the surface. Soil organic matter affects soil functions by
causing or mediating changes in soil properties and processes related to soil physical integrity, soil fertility
and productivity, and environmental quality. Soil organic matter contributes to and is affected by biological
productivity in natural and managed ecosystems (Herrick & Wande, 1997). The application of organic waste
to the soil has the greatest effect on the organic matter content and nutritional values and also improves the
soil structure, water and air balance, and microbiological activities (Chenu et al., 2000; Candemir & Gillser,
2010). These positive effects vary depending on the organic matter content and the quality of the organic
matter (Unsal et al., 2001). Sarker et al. (2018) reported that the chemical quality of organic matter plays an
important role in the soil aggregation process. Gilser et al. (2015) implied that hazelnut husk (55% C:N
ratio) has a higher C:N ratio than that of compost (22% C:N ratio) depending on the slower mineralization
rate in the soil, having a greater impact on soil quality indices than does compost.

There is no specific soil management in hazelnut orchards other than surface applications of fertilizer.
Therefore, hazelnut husk can be physically or chemically recycled as an organic matter source in hazelnut
orchards with degraded soil conditions (Gulser et al., 2015). For producers, fertilizer has a significant share
in important production cost for hazelnut production. It is of great importance to increase the amount of
organic matter by adding organic material to the soil in reducing this cost and increasing the effectiveness of
the fertilizer applied to the soil. The organic material applied may have positive effects on the physical,
chemical, and biological properties of the soil, resulting in an increase in the effectiveness of the applied
fertilizer and a decrease in the amount of fertilizer used. The fact that hazelnut husk is abundant and
residual in the region as organic material to be applied to the soil is an issue that should be taken into
consideration in economic terms. It is very important to use hazelnut husk, which becomes available during
production, as a source of organic matter in the soils of the region in question, especially since hazelnut
fields are difficult to reach.

In this study, the effect of hazelnut husk, which is released after production and has become an
environmental problem, the majority of which cannot be evaluated, on some physical, chemical and
biological properties of the hazelnut orchard soil was determined.
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MATERIALS and METHODS

Materials

The experiment was set up in Muslubey Village of Salipazan District, Samsun Province (Figure 1).
Some properties of soil and the hazelnut husk used in the experiment are given in Table 1. Accordingly,
the trial garden has soil with a clay loam texture, with an organic matter value of 2.87%, and a bulk
density of 1.12 g/cm?3. The hazelnut husk used in the experiment was kept covered for 75 days, releasing
its bitter green juice. The C/N ratio of the hazelnut husk used was 15.51, the pH value was 7.86, the EC
value was 0.62 dS/m, and the OC value was 34.55%.

Muslubey Koy

Salipazari )

Figure 1. Location map of the study area.

Sekil 1. Calisma alaninin lokasyon haritasi.

The temperature and precipitation data for the years 2008, 2009, and 2010, when the experiment
was conducted, and the long term are depicted in Figure 2. Given the long-term data, the lowest
temperature was 6.7°C in February, and the highest temperature was 23.6°C in August. The highest
precipitation was observed in October, with 90.9 mm.

Table 1. Some properties of soil and hazelnut husk used in the trial
Cizelge 1. Deneme topraginin ve findik zurufunun bazi ézellikleri

soil hazelnut husk
Sand (%) 20.2 -
Clay (%) 28.5 -
Silt (%) 51.3 -
Class CL -
Bulk density (g/cm?®) 1.12 -
pH 5.05 7.86
EC (dS/m) 0.30 0.62
OM (%) 2.85 60.9
Total N (%) 0.16 2.23
C:N 10.25 15.1
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Figure 2. Temperature and precipitation values for research years and the long term (1975-2010).

Sekil 2. Arastirma yillarina ve uzun yillara (1975-2010) ait sicaklik ve yadis degerleri.
Methods

Experiments were designed as a randomized block design with three replications. In the trials,
each hazelnut ocak (in Turkish “ocak”, which is consist of 8 single trunks together) planted at 4 m x 4.5 m
intervals formed a parcel. An ocak was left unprocessed between the plots. Hazelnut husk was applied
once in the trial plots in November 2007 as 0, 25, 50, 75 kg/ocak based on its dry weight (33%), and it
was mixed with the soil. Based on the results of the soil analysis, half of the nitrogenous fertilizer and all
of the phosphorus and potassium fertilizers were applied to all plots in March, and the other half of the
nitrogenous fertilizer was applied as topdressing to ocaks in June and equally to each plot. Calcium
ammonium nitrate (26 N%) was used as nitrogen fertilizer, diammonium phosphate (18 N%-46 P>Os%) as
phosphorus fertilizer, and potassium sulfate (50%) fertilizer as potassium fertilizer. Again, since the soil in
which the experiment was established was acidic, 363 kg/da lime was applied equally to each plot in the
first year. Pruning was done in the autumn months, when the vegetation in the hazelnuts stops and the
leaves fall to a large extent. Hazelnuts were harvested when ¥ of the existing fruits fell from the branch
when the branches were shaken. Soil samples were taken from each plot after the hazelnut harvest in
2008, 2009 and 2010 (Although the data obtained are old, it is thought that the results give general
information and are sufficient to provide up-to-date information). The organic matter (OM) of hazelnut
husk was determined according to Kacar (1990), pH and electrical conductivity (EC) was determined

440



The effect of hazelnut husk applications on some properties of hazelnut orchard soil and hazelnut yield

according to Bayrakl (1987) in hazelnut husk : water (1/10) extraction. In soil samples; reaction (pH) and
electrical conductivity (EC) in saturation paste, total nitrogen (N), available P2Os and K20 contents were
determined according to the principles reported by Tuzuner (1990); soil texture and bulk density values
were determined according to Demiralay (1993); aggregate stability(AS) was determined according to
Kemper & Rosenau (1986); and penetration values(MPa) were determined with a conical tip Eijkelkamp
model hand penetrometer with a surface area of 2 cm?; the average of 6 measurement readings was
calculated. Soil respiration was done as reported by Anderson (1982) and Microbial biomass carbon
according to Anderson & Domsch (1978). The Cmic/Corg ratio was determined by the ratio of microbial
biomass carbon to organic carbon. The data obtained from the experiments were evaluated according to
the procedure as suggested by Yurtsever (1984). Three-year data were subjected to pooled analysis of
variance in randomized blocks, and significant mean values were grouped by LSD multiple comparison.

RESULTS and DISCUSSION
The changes in soil penetration resistance, aggregate stability, and bulk density

The changes caused by hazelnut husk applied at increasing levels in the penetration resistance,
aggregate stability, and bulk density values of the trial soils and the results of their variance analysis are
tabulated in Table 2.

Penetration resistance is a commonly used parameter to evaluate soil compaction and the effects of
soil management. Penetration resistance is a point measurement that varies greatly depending on time and
area (O'Sullivan et al., 1987; Gllser et al., 2011). Increase in the penetration resistance in the soil or
increase in the bulk density value as a result of compaction adversely affects the water-holding capacity and
hydraulic conductivity properties of the soil, causing negative effects on the infiltration of water in the soil
and the storage capacity of water that can be used by plants. Root growth of most agricultural crops slows
significantly when penetration resistance in soil exceeds about 1.7 to 2 MPa (Bengough & Mullins, 1990;
Canarache, 1990; Arshad et al., 1996). In this study, penetration values were found between 1.45-7.23 MPa
(It is thought that this value is high because the hazelnut orchards are not tillage). According to the analysis
of variance performed using penetration values, differences were determined between subjects (p<0.01)
and years (p<0.01). The highest penetration value was obtained from the control subject, while the lowest
value was obtained from the application of 75 kg/da hazelnut husk. Depending on the dose applications,
reductions of 11.64%, 16.26%, and 36.04% were achieved compared to the control. Gilser & Candemir
(2012) found that the penetration resistance decreased from 1.72 MPa to 0.91, 0.84, and 0.72 MPa 7
months after applying 2%, 4%, and 6% hazelnut husk to clay soil. Gllser et al. (2015) reported that there
were significant negative correlations between penetration resistance and organic carbon and stated that
penetration resistance decreased by 67% with hazelnut husk application as compared to the control.
Aksakal et al. (2016) reported that the penetration resistance decreased significantly (p<0.05) with the
increase in dose due to vermicompost application, and the lowest penetration value was obtained with the
highest dose (4%) of vermicompost. Bandyopadhyay et al. (2010) found the penetration resistance in NPK
+ farmyard manure application up to a soil depth of 28 cm to be significantly lower than the control, stating
that this might have resulted from the reduced bulk density due to the application of organic matter. Mujdeci
(2011) applied organic matter (biosolid and manure, 30 tons ha™') to clay loam soil in an apple orchard and
investigated its effect on penetration resistance. Penetration values in 2008 and 2009 were higher than in
2010. This variability may be caused by the differences in the bulk density depending on the moisture
content of the soils and the hazelnut husk application. Penetration resistance is affected by some sail
properties such as bulk density, texture, aggregation, cementation, organic matter content, mineralogy, and
soil water content (Ribon & Tavares Filho, 2004; To & Kay, 2005; Dexter et al., 2007; Tavares Filho et al.,
2012). Even though many soil properties affect penetration resistance, bulk density and especially soil water
content has the greatest short-term effects on penetration resistance. Some studies have reported a direct
relationship between penetration resistance and these variables, and this is usually described with an
exponential model (Vaz et al., 2011, 2013).
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According to the analysis of variance performed with the bulk density of the soil, significant
differences at p<0.01 level were found between subjects and years. As compared to the control, an
average of 16.36% reduction in bulk density value was achieved. Research has suggested that applying
organic matter to soils reduces bulk density (Kilig et al., 2000; Marinari et al., 2000; Ozeng, 2004;
Candemir & Gulser, 2010; Gulser, 2016; Gllser et al., 2017; Demir & Gulser 2021). Gulser (2022) stated
that there is a significant negative relationship (-0.844**) between the organic matter content of the soils
and the bulk density. Gulser et al. (2017) reported that hazelnut husk application reduced the bulk density
of the soil compared to the control, stating that the lowest bulk density was determined with a 6% dose of
hazelnut husk. Since organic materials possess low bulk density and higher porosity, the mixing of soils
with denser mineral fractions causes a decrease in the bulk density of the soil (Martin & Stephens, 2001,
Bronick & Lal, 2005). Celik et al. (2010) reported that the highest penetration resistance and bulk density
values were found in control and mineral fertilizer applications, while the lowest values were obtained in
organic applications. Researchers have evidently demonstrated that long-term applications of barnyard
manure, compost, and mycorrhizal compost are important to prevent root growth, infiltration, runoff,
erosion, hydraulic conductivity, aeration, mineralization rate, and soil compaction that limits biological
activity. Bandyopadhyay et al. (2010) found the bulk density of the combined use of NPK and farm
manure to be 5.6% and 9.3% lower than the application of NPK alone and control, respectively. They
underlined that this reduction in bulk density may result from a higher organic carbon content of the soil,
better aggregation, and increased root growth and biopores.

Table 2. The changes in soil penetration resistance, aggregate stability, and bulk density caused by hazelnut husk applied at
increasing doses

Cizelge 2. Artan dozlarda uygulanan findik zurufunun topraklarin penetrasyon direnci, agregat stabilitesi ve hacim agirligi degerinde
meydana getirdigi degisimler

[ 0(Control) | 25 (kglocak) | | 50 (kg/ocak) | 75 (kglocak) | Mean
Penetration Resistance (MPa)
2008 7.23 a 6.04 b 5.79¢c 32le 557 A
2009 4.71c 4.51c 4.14 c 3.96 cd 433 B
2010 1.71e 151e 149e 1.45e 1.54C
Mean 455 A 4.02B 3.81B 2.87C
Fyear: 65.986"  Foupjoct: 22.952" Fsubject x year: 11.886"
Aggregate Stability (%)
2008 62.08 58.78 51.36 51.38 55.90 A
2009 55.55 57.26 58.26 60.14 57.80 A
2010 43.90 46.85 4591 43.94 45.15B
Mean 53.84 54.30 51.74 51.72
Fyoa: 12.231"  Foypjeat: 0.348 F cubjoct x yeur! 1.017"
Bulk density (g/cm?®)
2008 1.07 0.78 0.87 0.88 0.90B
2009 1.11 1.00 0.98 0.96 101 A
2010 1.12 1.09 0.88 0.79 0.97 AB
Mean 1.10A 0.96 B 091 B 0.88 B
Fyear: 9.876" Fsubject: 7.481" F subject x year 1.568™

ns: not significantly different, *: Significant at P< 0.05, **: Significant at P <0.01.

Although the aggregate stability value was not statistically significant depending on the dose
applications, an average increase of 2.32% occurred compared to the control. The highest aggregate
stability values were obtained in 2009, but they were not statistically different from the values obtained in
2008. In 2010, however, there was a decrease in aggregate stability values. Candemir (2005) stated that
residual (waste) applications increase aggregate stability and that the application that increases
aggregate stability the most in sandy soil is hazelnut husk. Gillser (2016) reported that AS values have a
significant positive correlation (0.667*) with soil OM and the aggregate stability of hazelnut husk
application increased by 99% compared to the control. Improved aggregate stability by adding organic
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waste to the soil is the result of plant phenolic acid interactions released during the decomposition of the
structural components of the waste and increased microbial activity due to carbohydrate metabolisms
(Martens, 2000). Oades (1984) reported that the aggregate stability of the soil is affected by
microorganisms in two aspects: the mechanical bonding of soil particles and the production of effective
binders through the synthesis or decomposition of organic wastes. The increases were generally more
pronounced in 25 kg/ocak applications. There were decreases in 50 and 75 kg/ocak applications
compared to 25 kg/ocak applications. This decrease seen at high doses might have resulted from the fact
that the hazelnut husk applied in increasing doses increases the microbial activity, the increased
nutritional needs cannot be met due to this increase, and the humus, which provides aggregation, is used
as a nutrient by microorganisms. As a matter of fact, in our study, the hazelnut husk application increased
the organic matter of the soil as well as the microbial biomass carbon. Agkin et al. (2000) and Candemir &
Gulser (2007) also found similar results in their studies.

The changes in the OM, SR, Cmic and Cmic/Corg ratio values of the soils

The changes in organic matter, soil respiration, Cmic and Cmic/Corg ratios of the trial soils caused by
hazelnut husk applied at increasing doses and their variance analysis results are shown in Table 3.
Microbial biomass (Cmic), comprising only 1-3% of total soil carbon and about 5% of total soil (Smith & Paul,
1990), is an important component of soil organic matter. It comes in on the biogeochemical cycles of basic
nutrients (C-N-P-S) and related energy flows (Meli et al., 2002; Kizilkaya et al., 2004). Basal soil respiration
of soil microflora provides useful information about the physiological state of the pedo ecosystem, upon
which there is still some controversy. This respiration activity refers to the energy use of microflora and
demonstrates the efficiency of organic carbon degradation by soil microorganisms (Wardle & Ghani, 1995).

Table 3. The changes in the OM, SR, Cpic and Cpic/Cor ratio values of the soils caused by increasing doses of hazelnut husk

Cizelge 3. Artan dozlarda uygulanan findik zurufunun topraklarin OM, TS, Cpic Ve Cmicd/Corg Oraninda meydana getirdigi degisimler

| 0 (Control) | 25 (kg/ocak) | 50 (kg/ocak) | 75 (kg/ocak) | Mean
OM (%)

2008 3.11 3.64 4.17 4.71 3.91
2009 3.00 3.81 4.03 4.58 3.85
2010 3.34 3.96 3.89 4.03 3.81
Mean 3.15C 3.80B 4.03B 4.44 A

Fyear: 0.358" Fsubject: 35.553™ Fsubject x year: 2.636"

Soil respiration (ug CO, 100 g™* dry soil 24h)
2008 4.90 ef 5.53 def 7.46 cd 15.65a 8.38B
2009 3.53f 7.56 cd 11.60b 13.43 ab 9.03A
2010 4.05 ef 6.45 cde 7.54 cd 8.85¢c 6.72 A
Mean 416 D 6.51C 8.87B 12.64 A

Fyear: 4.087" Fouject: 56.543"  Faupjectx year: 6.502"

Chmic (Mg CO,-C gt dry soil 24h)
2008 23.90¢c 27.21 be 30.60 b 44.24 a 31.49 A
2009 18.28 de 2423 c 27.45 bc 31.26 b 25.31B
2010 1355e 14.86 de 15.50 de 18.95d 15.72C
Mean 18.58 C 22.10B 2452 B 31.48 A

Fyear: 433.946"  Fopject: 34.390 Fsubject x year: 5.035”

Chic/Corg
2008 0.132 0.129 0.127 0.126 0.138 A
2009 0.105 0.110 0.117 0.117 0.112B
2010 0.070 0.070 0.060 0.080 0.070 C
Mean 0.102 0.103 0.101 0.120

Fyear: 96.998"  Fypject: 2.398 1 Feubject x year: 1.253"

ns: not significantly different, *: Significant at P< 0.05, **: Significant at P <0.01.
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According to the analysis of variance achieved e with organic matter values, there was a significant
difference between the subjects (P<0.01) in the OM value of the soils. While the lowest organic matter value
was obtained in the control, the highest OM value was obtained from the 75 kg/ocak application, with an
average of 29.84% increase compared to the control. Candemir & Gulser (2011), Ozenc (2004), and
Candemir & Gulser (2007) emphasized that hazelnut husk applied as organic residue increases the OC
values of the soil.

According to the analysis of variance with SR and Cmic values, differences were found between
subjects (p<0.01), years (p<0.01), and subject-year interaction (p<0.01). The highest soil respiration and
Cmic values were obtained from the highest dose application. It is evident that the hazelnut husk applied at
an increasing level results in increase in the soil respiration and Cmic values of the soils by an average of
124.52% and 40.09%, respectively. High soil respiration and Cmic values determined at increasing
application doses may result from the microbial decomposition of the high organic matter contained by
the hazelnut husk applied to the soils over time, serving as a food source for microorganisms, and
increasing the number of heterotrophic microorganisms. Meanwhile, the applied material may have
provided suitable conditions for the development and reproduction of microorganisms by improving the
physical properties of soil, such as soil aeration and water retention. As a matter of fact, it has been
observed that the bulk density and penetration values of the soil decrease depending on the application
of organic matter. Kaplan (2005) found that different organic residues (tobacco fabrication waste, wheat
straw, tea waste, and hazelnut husk) added to sandy-loam soil increased SR and Cmic content. Kizilkaya
& Gilser (2016) stated that organic wastes increase the Cmic and soil respiration of soils compared to the
control, the C/N ratio of the wastes makes a difference in these soil parameters, and the low initial C/N
ratio increases these parameters more. Gulser et al. (2016) reported that there is a significant positive
correlation between OC and SR (0.864 at p<0.01). Candemir & Giilser (2011) stated that SR is increased
by hazelnut husk application. Ozeng et al. (2019) found that hazelnut husk application increased the SR
and Cmic contents of the soils compared to the control. It was also stated that the application of organic
waste to the soil increases the biological properties of the soil, and the increased soil organic matter
content was reported to be generally positively correlated to the microbiological activity in the soil
(Bayadilova et al., 2022).

The current study found that hazelnut husk application increased the Cmic/Corg ratio, although not
statistically significant. A high Cmic/Corg ratio indicates an increase in Cnmic in total organic C. Therefore, the
organic material applied not only increased the organic carbon content of the soil but also increased the
Cmic amount, suggesting that microorganisms can be effective for a longer time in terms of soil fertility and
sustainability. Studies showed that the application of organic residues to soils increases both Cmic and
total organic C (Monreo et al., 1999; Kaplan, 2005; Kizilkaya & Hepsen, 2007). Statistical analyses with
the Cmic/Corg ratio revealed differences between years. As the year progressed, this rate decreased, which
may be due to the loss of effect of the applied organic material over time.

The changes in the total N, available P20s and K20 values of the soils

The changes in N, available P20s, and available K20 soils caused by hazelnut husk applied at
increasing doses and their variance analysis results are shown in Table 4.

According to the analysis of variance with the total N values of the soils, differences were
determined between subjects (p<0.01), years (p<0.01), and subject-year interaction (p<0.01). The highest
N values were obtained from the application of 75 kg/ocak dose in 2008. According to the variance
analysis made with the available P values of the soils, differences were determined between the subjects
(p<0.01), and subject-year interaction (p<0.01). Compared to the control application, an increase of 42%
was achieved in the 25 kg/ocak dose application, 116% in the 50 kg/ocak dose application, and 164% in
the 75 kg/ocak dose application. The useful P has been found to decrease depending on the years. This
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decrease may result from the fixation of P by humus and clay minerals in the soil or the formation of
compounds with Fe and Al in acidic soil. According to the analysis of variance with the available K values
of the soils, differences were determined between subjects (p<0.01), years (p<0.01) and subject-year
interaction (P<0.01). As compared to the control application, an increase of 63% was achieved in the 25
kg/ocak dose application, 99% in the 50 kg/ocak dose application, and 173% in the 75 kg/ocak dose
application. It is evident that the available K increases depending on the years. Kacar & Katkat (1998)
emphasized that hazelnut husk is an organic waste that draws attention with its high K content. Andrews
et al. (2021) underlined that research has shown that potassium ions readily dissolve from plant material
into soil solution due to their high mobility as a predominantly unbound monatomic cation in plant tissues.
This study found that there was an increase in the microbial biomass of the soil due to the application of
hazelnut husk. Therefore, due to the increased microbial biomass, the N, P, and K contents of the soils
may have increased as a result of the decomposition of the hazelnut husk and the penetration of the
nutrients it contained in it into the soil. Indeed, researchers state that microbial biomass is involved in the
biogeochemical cycles of essential nutrients (C-N-P-S) and related energy flows (Meli et al., 2002;
Kizilkaya et al., 2004). Ozeng et al. (2019) reported that the application of hazelnut husk to the soil
provides a 99% increase in the available phosphorus content and a 103% increase in the extractable
potassium content compared to biochar. Kaur et al. (2005) reported that the application of farmyard
manure, poultry manure, and sugarcane filter cake alone or in combination with chemical fertilizers
improved organic C, total N, P, and K status in soil.

Table 4. The changes in the total N, available P,Os and K,O values of the soils caused by the hazelnut husk applied in increasing doses

Cizelge 4. Artan dozlarda uygulanan findik zurufunun topraklarin toplam N, alinabilir P,Os ve K,O degerinde meydana getirdigi degisimler

I 0 (Control) | 25 (kg/ocak) | 50 (kg/ocak) | 75 (kg/ocak) | Mean
N (%)
2008 0.17g 0.22c 0.26b 0.29a 0.23 A
2009 0.14h 0.18fg 0.19efg 0.18fg 0.17B
2010 0.21cde 0.22cd 0.25b 0.20def 0.22 A
Mean 0.17C 0.20B 0.23 A 0.22 A

Fyea: 72.731"  Foupjee: 29.835" Fubject x year: 11.611"
Available P,0s (kg/da)

2008 3.90d 8.13 bc 8.50 bc 10.10b 7.66
2009 5.43d 5.97 cd 9.20 b 1450 a 8.78
2010 4.90d 6.12 cd 13.02 a 12.97 a 9.25
Mean 4.75D 6.74 C 10.24 B 1252 A

Fyear: 1.6733 Fsubject: 47.5070”  Fsupject x year: 4.4780™
Available K,O (kg/da)

2008 30.0e 63.3b 64.7b 129.0a 71.75A
2009 33.9de 43.6 de 62.4b 68.3 b 52.03B
2010 299e 46.2 cd 59.8 bc 59.2 bc 48.78 B
Mean 31.28 D 51.03 B 62.26 C 85.50 D

Fyear: 15.14™ Fsubject: 63.24" Fsubject x year: 13.007

ns: not significantly different, *: Significant at P< 0.05, **: Significant at P <0.01.
The changes in hazelnut yields

It is more appropriate to determine the effects of organic waste application on yield in the long term;
that said, in the short term, the effects of organic waste on crop yield compared to mineral fertilizers and
controls may vary depending on the characteristics of the organic material, soil properties, application rate,
and climatic conditions (Franco-Otero et al., 2012). In this study, differences were determined between
subjects (p<0.01), years (p<0.01) and subject-year interaction (p<0.01) according to the analysis of variance
performed using yield values (Table 5). Given the interaction, it is apparent that the highest yield was
obtained from the application of 75 kg/ocak in 2010. This study has found that positive changes in the
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physical, chemical, and biological properties of the soils due to the application of hazelnut husk increased
the hazelnut yield values. Bandyopadhyay et al. (2010) stated that the combined use of farmyard manure
and the recommended dose of chemical fertilizer resulted in increases in plant growth parameters and grain
and stalk yields of soybean. Abedi et al. (2010) pointed out that wheat grain yield and yield components
increased significantly with N fertilizer and compost application. The same researchers also stated that
besides the positive effects of organic fertilizer on soil structure leading to better root growth and more
nutrient uptake, compost not only slowly releases nutrients, but also prevents losses of chemical fertilizers
through denitrification, evaporation and waste, and can increase the effectiveness of chemical fertilizers,
thereby increasing yields and reducing the use of chemical fertilizers to maintain soil health and fertility.

Table 5. The changes in hazelnut yields caused by hazelnut husk applied at increasing doses

Cizelge 5. Artan dozlarda uygulanan findik zurufunun findik verimlerinde meydana getirdigi degisimler

| 0 (Control) | 25 (kg/ocak) | 50 (kg/ocak) I 75 (kg/ocak) | Mean
Yield (kg/ocak)
2008 2.13d 2.90c 3.07bc 3.20ab 2.83A
2009 1.47f 1.53ef 1.65ef 2.17d 1.70C
2010 1.66ef 2.01d 1.75e 3.41a 2.21B
Mean 1.75C 2.15B 2.15B 2.93A
Fyear: 40.160”  Faybject: 98.975”  Foupjectx year: 8.616”

CONCLUSIONS

The application of hazelnut husk, an important source of organic matter, to the soil after being
withered for a certain period of time helped achieve positive changes in the organic matter of the soil and,
accordingly, some biological and physical properties, as well as increases in the nutrient content and yield.
Hazelnut husk, applied at increasing doses, increased the SR and Cmic values of the soil with clay loam
texture thanks to the high organic matter in its structure. The application of hazelnut husk increased not only
the OM value of the soils but also the microbial activity required in the soil to degrade and decompose the
organic matter. Similarly, the HA values of the soil decreased depending on the application. Despite this
decrease in BD, the PD value of the soil decreased. In addition, hazelnut husk application caused an
increase in AS, although it was not statistically significant; however, this change resulted in an increase that
was effective at low doses, whereas it resulted in a decrease due to the increase in microbial activity at high
doses. This study has found that positive changes in the physical, chemical, and biological properties of the
soils due to the application of hazelnut husk increased the hazelnut yield values.
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Amag: Tohumlarin hasat, harman, islenmesi, siniflandiriimasi ve depolanmasinda
tohumun fiziksel 6zellikleri biyik 6nem tagimaktadir. Bu nedenle ¢alismada farkli
buyUklik ve renkteki fasulye genotiplerinin fiziksel 6zellikleri kullanilarak ¢ok
degiskenli istatistik yontemleri ile karakterizasyonun yapilmasi amaglanmistir.

Materyal ve Yéntem: Calisma Isparta Uygulamali Bilimler Universitesi Ziraat
Fakiltesi Tarla Bitkileri bolimu laboratuvarlarinda 2021 yilinda kurulmustur.
Arastirmada fiziksel 6zellik olarak tohumlarin uzunlugu, genislidi, kaliniigi, en-boy
orani, parlaklik (L*) degeri, aritmetik ortalama capi, geometrik ortalama ¢api,
basikhgi, kureselligi, tohum hacmi, yigin hacim agirhgi, gercek hacim agirlig,
porozite ve yuzey alani 6zellikleri incelenmistir. Calismada elde edilen veriler
dogrultusunda korelasyon, temel bilesen analizi ve kimeleme 1si haritalar
belirenmistir.

Arastirma Bulgulan: Calisma sonucunda fiziksel 6zellikler yoniinden genel olarak
Bolu’dan temin edilen G10 genotipi 6n plana gikmistir. Korelasyon analizi sonucu
genel olarak tohum uzunludu, genisligi ve kalinhgi, aritmetik ortalama c¢ap,
geometrik ortalama cap ve tohum hacmi &zellikleri arasinda pozitif iliski oldugu
belirlenmistir. TBA sonucunda incelenen 6zellikler ile ilgili olarak birbirinden
bagimsiz 3 tane temel bilesen ekseni elde edilmistir. Elde edilen eksenlerin toplam
varyasyonun %91.7’sini olusturmaktadir. Kimeleme analizine gore ise, genotipler
dort gruba, incelenen 6zellikler ise Gi¢ gruba ayriimistir.

Sonug: Yapilan bu g¢ok degiskenli analizlerin sonucunda belirlenen 6zelliklerin
fasulye genetik materyalleri lzerine islahgilara pratik anlamda fayda saglayacagi
disunlimektedir.

ABSTRACT

Objective: The physical characteristics of seeds are of great importance in
harvesting, threshing, processing, classification and storage of seeds. For this
reason, the aim of this study was to characterize the bean genotypes of different
sizes and colors by using physical properties with multivariate statistical methods.

Material and Methods: The study was carried out in the laboratories of Field
Crops Department, Agriculture Faculty, Isparta University of Applied Science in
2021. In the study, the physical properties of seeds such as length, width,
thickness, aspect ratio, brightness (L*) value, arithmetic mean diameter, geometric
mean diameter, kurtosis, sphericity, volume, bulk volume weight, true volume
weight, porosity, and surface area were analyzed. It was determined by correlation,
principal component analyses and cluster heat maps in accordance with the data
obtained in the study.

Results: As a result of the study, the G10 genotype obtained from Bolu, which has
white seed color in terms of physical properties, came to the fore. As a result of
correlation analysis, it was determined that there was a positive relationship
between seed length, width and thickness, arithmetic mean diameter, geometric
mean diameter, and seed volume. As a result of PCA, 3 independent principal
component axes were obtained for traits. Obtained axes accounted for 91.7% of
the cumulative variation. According to the clustering analysis, the genotypes were
divided into four groups and the traits were divided into three groups.

Conclusion: The traits determined as a result of these multivariate analyses are
thought to be of practical benefit to breeders on bean genetic materials.
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GiRIiS

Turkiye'de fasulye genetik cesitliligi oldukga yuksektir (Elkoca vd., 2010; Canci vd., 2019).
Tarkiye’deki gesitli ekolojik kosullar, fasulye genotipleri tizerine etki etmis ve bu sireg igerisinde birbirinden
farkl yerel fasulye genotip/ ekotipleri olusmasina sebep olmustur (Soydas vd., 2021). Nitekim, Ulkemizde
kuru fasulye Uzerinde farkh arastiricilar tarafindan fenolojik, morfolojik ve agronomik agidan genotiplere ait
karakterizasyon yapilmis ve varyasyonlar ayrintili olarak ortaya konulmustur (Ulker & Ceyhan, 2008; Biyikl
vd., 2015; So6zen vd., 2014a, b; Canci vd., 2019; Yeken vd., 2019; Soydas vd., 2021). Ancak bu
arastirmalarda kuru fasulye genotiplerinin fiziksel 6zellikleri Gzerine istatistiki analizler ile detayli incelemeler
yapiimamistir. Tarimsal drldnlerin ekim ve dikiminde, siniflandiriimasinda, hasat ve harmaninda,
islenmesinde, depolanmasinda, iletimi ve tasinmasinda fiziksel 6zelliklerinin belirlenmesi gerekmektedir
(Ozli & Guner, 2016). Bu tir temel bilgiler sadece muhendisler igin degil, ayni zamanda gida bilimcileri,
gida endustrisi, bitki yetistiricileri ve yeni kullanim alanlari bulabilecek diger bilim insanlari igin de énemlidir
(Mohsenin, 1986). Gidacilar igin, tohum fiziksel 6zelliklerinin bilinmesi bu tohumlardan elde edilecek
ardnlerin renk, kalite, yogunluk vb. pek cok 6zelligi etkileyecegi icin 6nem arz etmektedir. Tohumlarin sekil
ve boyut (fiziksel) 6zellikleri, ¢cikis ve cikis sonrasi olugan bitkinin gelisiminde biyidk énem tasimaktadir
(Dumanoglu vd., 2019). Kara & Akman (2007), bugdayda iri tohumlarin daha derine ekilse bile ¢ikis ve
gelisim performanslarinin daha yiiksek oldugunu ifade etmislerdir. Bunlara ek olarak tohum boyutu hem
¢imlenme hem de ¢imlenme sonrasi gelisen bitkilerin ¢cogu zaman sagligi ve gelisimine de direkt etki
etmektedir (Pollock & Ross, 1972; Salisbury & Ross, 1992). Ozellikle kltiire alinan bitkilerin genis alanlara
makineli ekimlerinde uygun ekici dizenin tercih edilmesi agisindan da tohumlara ait bu bilgiler 6nem
tasimaktadir (Dumanoglu & Cakmak, 2017). Bunlarin diginda, tohumlarin temizlenmesi, paketlenmesi ya da
depolanmasi gibi Urln isleme basamaklarinda da bu veriler degerlendiriimektedir (Dumanoglu & Cakmak,
2019b; Dumanoglu vd., 2019). Tohumlar sadece yapilarina gore degil farkh yizey o6zellikleri de
gostermektedir. Sekil ve boyutlari belirlenen tohumlarin ayrica yiizey alanlarina bakilmasinin bir nedeni de
bu durumdur (Dumanoglu & Cakmak, 2019a). Ayrica Uniform bir ekim ve tarimsal iglemlerin kolaylikla
yapilabilmesi icin tohumlara ait kiresellik degeri de belilenmektedir. Bu belirlenen degerler 1s13inda,
Ozellikle Ureticinin mevcut kullandiklari makinalar ile bu tohumlari ekim islemlerini gergeklestirmelerine ya da
eksiklerin giderilmesi veya kullaniimayan ekici dizenlerin degerlendirilerek hedeflenen seviyede trunin elde
edilmesi agisindan 6nem arz etmektedir (Dumanoglu vd., 2019).

Coklu degiskenli analiz yontemleri [cluster ve temel bilesen analizi (TBA) vb.], olusan varyasyonun
ortaya ¢ikariimasinda yaygin olarak kullaniimaktadir (Tan, 2005). Cluster (kimeleme) ve TBA genotiplerin
cesitliligini ve genotipler arasindaki varyasyonun belirlenmesinde yardimci olmaktadir. Temel bilesen analizi,
¢cok sayida degiskeni maksimum bilgi ile en az degiskene indirgeme yetenegdine sahiptir. Kimeleme analizi,
genetik benzerlige dayali olarak arzu edilen 6zellikler icin genotiplerini siniflandiriimasinda kullaniimaktadir
(Ahmad et al., 2014). Isi haritalar ise, kimeleme analizinin sonucunu gérsellestirmenin bir yolu olup, bir dizi
olasi durumdaki verilerin benzerlik ve farkliliklari sezgisel olarak gdérinmesini saglamaktadir (Kellom &
Raymond, 2016). Ayrica, i1slah programlarinda ebeveyn seciminde (Ahmad et al., 2014), genoctipler arasinda
benzerlik ve farkliklarinin ortaya c¢ikmasinda c¢oklu degiskenli analiz ydntemleri yaygin bir sekilde
kullanilmaktadir (S6zen vd., 2014b; Karaman & Turkay, 2022).

Bu calismada amag, (i) Glkemizin farkli bolgelerinden temin edilen fasulye genotiplerinin tohum
fiziksel Ozelliklerinin belirlenmesi, (ii) ¢oklu degiskenli analiz ydntemleri kullanarak fasulye genotipleri
arasindaki genetik degiskenligi gbézlemlemek ve bodylece fasulye genotiplerinin gelistiriimesi ve
iyilestiriimesi icin istenen 6zellik gruplarina sahip genotiplerin secilebilmesini saglamaktir.

MATERYAL ve YONTEM

Aragtirmada, iki adet Yunus-90 ve Onceler-98 fasulye cesitleri ile Tlrkiye ve yurt disindan
(Bosnahersek, iran, Kirgizistan, Ozbekistan ve Sudan) temin edilen 20 adet farkli tip, boyut ve renkteki
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fasulye genotipi tohum materyali olusturmustur (Cizelge 1; Sekil 1). Fasulye genotipleri Turk Standartlari
Enstitistinde belirtilen (TSE 141) tane tiplerine gbre (Barbunya, Tombul, Seker, Dermason, Bomba, Selanik,
Horoz, Cali, Sira ve Battal) siniflandiriimistir. Temin edilen fasulye tipleri Tlrk Standartlari Enstitlisiine gore 7
tanesi Barbunya tipi, 3 tanesi Seker tipi, 3 tanesi Dermason tipi, 3 tanesi Horoz tipi, 1 tanesi bomba tipi, 2
tanesi Selanik tipi, 1 tanesi battal tipi, 1 tanesi tombul tipi ve 1 tanesi de Cali tipinde oldugu belirlenmisgtir.
Arastirmanin tohum materyalleri Isparta iklim sartlarinda 2021 yilinda kurulan ve geleneksel bakim iglemleri
yapilmis fasulye denemesinden temin edilmistir.

Cizelge 1. Arastirmada kullanilan materyallerin temin yerleri, tipleri ve tane renkleri
Table 1. Procurement locations, types and seed colors of the materials used in the research

. . . TSE'ye gére Tane rengi
Genotip Temin yeri tane tipi 1 renk > renk
G1 Bosnahersek Barbunya Acik kahverengi  Bordo (leke)
G2 Bosnahersek Tombul Sari -
G3 Bosnahersek Seker Siyah -
G4 iran Barbunya Acik kahverengi  Bordo (leke)
G5 Kirgizistan Barbunya Beyaz Hilum ve birlesme kisimlari kirmizi
G6 Kirgizistan Dermason Kirmizi -
G7 Kirgizistan Barbunya Acik kahverengi  Bordo (leke)
G8 Ozebikstan/Tagkentcity ~ Barbunya Bordo Acik kahverengi (leke)
G9 Sudan/Geneina Barbunya Bordo Acik kahverengi (leke)
G 10 Bolu Bomba Beyaz -
G11 Konya Seker Beyaz -
G 12 Mersin Selanik Siyah -
G 13 Mersin Dermason Beyaz -
G 14 Mersin Horoz Beyaz Hilum ve birlesme kisimlari siyah
G 15 Mersin/Mut Battal Mor -
G 16 Mersin/Mut Dermason Bordo -
G 17 Mersin/Mut Selanik Beyaz -
G 18 Isparta Cali Koyu mor/siyah -
G 19 Isparta Horoz Beyaz -
G20 Isparta Seker Sar -
Onceler-98 Isparta Barbunya Acik kahverengi  Bordo (leke)
Yunus90 Isparta Horoz Beyaz -

Her gruptan tesadufi olarak segilen 100’er adet fasulye tohumlarina ait uzunluk (TU; mm), genislik
(TG; mm) ve kalinlk (TK; mm) degerleri 0.01 mm hassasiyetindeki dijital kumpas kullanilarak belirlenmigtir.
Aritmetik ortalama ¢ap (AOC; mm), geometrik ortalama ¢ap (GOC; mm), ve kiresellik degerleri (K) Esitlik 1-
2 kullanilarak hesaplanmistir (Karaj & Muller, 2010; Alibas & Koksal, 2015).

TU+TG+TK
3

AOC= 1)
_Gog

£%6x100 )

GOC= (TU x TG x TK)1/3 K=

Calismada kullanilan tohumlarin yizey alani (YA; mm2 ) ve hacim (H; mm3 ) 6zellikleri asagida
verilen 3 ve 4 nolu Esitlikler kullanilarak belirlenmistir (Baryeh & Mangope, 2002; Unal vd., 2008). Fasulye
tohumlarinin en boy orani (EBO) (Kobuk vd., 2019) ve basiklik (Ozli & Giner, 2016) degerlerinin
hesaplanmasinda 5 ve 6 nolu Esitlikler kullaniimistir.

YA =1 (GOG?) (3)
H = (B°TU%/6 (2TU - B) B= (TG x TU)*? (4)
EBO= TG/TU (5)
Basiklik= 1- TG/TU (6)
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Fasulye tohumlarinin yigin hacim agirhdinin (YHA) belirlenmesinde (kg m-3 ), hektolitre yontemi
kullaniimigtir. Bu yontemde hektolitre kabina ornekler tepeleme doldurulmus ve kabin igindeki 6rnek
agirhgi ve kabin hacmine oranlanmasiyla belirlenmistir. Ger¢ek hacim agirliginin belirlenmesinde ise sivi
yer degistirme yodntemi kullaniimigtir. Bu yontemde, sivi tasirma hacmi ve o6rnek agirhginin
oranlanmasiyla gergek hacim agirhgi (GHA; kg m-3 ) belirlenmistir (Mohsenin, 1980). Porozitenin (P; %)
belirlenmesinde 7 no’lu Esitlikten yararlaniimigtir (Mohsenin, 1970).

P = (1- (YHA/ GHA))*100 ©)

Fasulye genotiplerinin tohum kabugu renginin él¢imleri i¢in renk dl¢gim cihazi (Konica MINOLTA
marka CR-400 Chroma Meter) kullaniimigtir. Renk 6l¢giimlerinden hemen 6nce kalibrasyon plakasi ile
cihazin kalibrasyonu yapilmistir. Olgiimler sonucunda tohum kabugu renginin parlakhigini ifadesi olan L*
degeri CIE L* cinsinden belirlenmistir (Erbas & Koyuncu, 2016).

Arastirmada, fasulye genotiplerinin tohumlari tesaduf parselleri deneme parselleri deneme desenine
gore 3 tekerriirll olacak sekilde fiziksel 6zellikleri incelenmis; elde edilen veriler Minitab 17 paket programi
kullanilarak istatiksel olarak degerlendirilmistir. Calismada elde edilen verilere, tek yonll varyans analizi
(One-Way ANOVA) ile genotiplerin arasinda gézlemlenen farkliik P<0.05 seviyesinde belirlenmis,
ortalamalar arasindaki farkliliklarin belirlenmesinde Tukey c¢oklu karsilastirma testi kullaniimistir. Cok
degiskenli analiz yontemlerinden olan TBA ve hiyerarsik kimeleme analizinde 1sI haritasi R paket programi
kullanilarak yapilmistir. TBA'nde degiskenlerin bilesen haritasinda bulunan temsil kalitesini ve toplam
katkisini belirme amaciyla cos2 (kosinus kare, kare koordinatlar) gorintilenerek belirlenmistir TBA,
Factoextra, pca3d, FactoMineR, gplots, ggplot2; i1si haritasi ise cluster, gpolts ve pheatmap R Studio
(version 4. 2. 2) programindaki paketler kullanilarak tespit edilmistir (Alpar, 2017).

ARASTIRMA SONUCLARI ve TARTISMA

Fasulye genotiplerine ait tohumlarin uzunluk, geniglik ve kalinlik, en boy orani, L*, aritmetik ve
geometrik ortalama c¢apina ait ortalama degerler Cizelge 2’de; basiklik, kiresellik, hacim, yigin hacim
agirh@i, gercek hacim agirhgi, porozite ve ylzey alani 6zelliklerine iliskin ortalama degerler ise Cizelge
3'te verilmistir. Fasulye genotiplerinin tohum uzunlugu en yiksek 17.52 mm ile G13 genotipinde
belirlenmis olup, G6 (17.38 mm), G10 (17.32 mm), G7 (17.32 mm) genotipleri ve Yunus90 ¢esidi (17.05
mm) ile G13 genotipiyle ayni istatistiki grupta yer almistir. En kisa tohum uzunlugu ise 10.88 mm ile G11
genotipinde saptanirken ve G3 (11.66 mm) ile G12 (11.72 mm) genotipleri ile aralarinda istatistiki olarak
fark olusmamistir. Fasulye genotiplerinin tohum genisligi 6.62-11.67 mm arasinda degismistir. En ylksek
tohum eni G10 genotipinde, en dusuk ise G12 ve G2 (6.67 mm) genotiplerinde belirlenmistir. Diger
taraftan en yiksek tohum kalinhdi 7.37 mm ile G10 genotipinde tespit edilmistir. G10 genotipi ile G5 (7.33
mm), G14 (7.03 mm), G11 (6.68 mm) genotipleri ve Onceler-98 gesidi (6.80 mm) ayn istatistiki grupta yer
almislardir. En disik tohum kalinhigr ise 5.06 mm ile G2 ve G16 genotiplerinde belirlenmistir. Fasulye
genatiplerinin en-boy orani, 0.46-0.75 arasinda degisim gdstermigtir. En yUksek en-boy orani sirasiyla
G18, G11 ve G3 genotiplerinde; en disiik en boy orani ise Yunus-90 gesidinde saptanmistir. Tohumlarin
parlakliginin ifadesi olan L* degeri 82.76 ile G10 genotipinde en ylksek, 12.67 ile G12 genotipinde en
dusuk degerleri almistir. Tohumlarin boyut 6zeliklerinden hesaplanan aritmetik ve geometrik ortalama ¢ap
degerleri sirasiyla 7.82-12.12; 7.35-11.42 mm arasinda degismis olup, en ylksek aritmetik ve geometrik
ortalama ¢ap G10 genotipinde, en distk ise G12 genotipinde tespit edilmistir (Cizelge 2).

Tohumlarin fiziksel boyutlari (uzunluk, geniglik ve kalinlik) siniflandirma, ayirma, eleme ve hasat
sonrasi islemlerde oldukga 6nemlidir (Dahiya et al., 2015). Tohum buyukligu yetistirme kosullarindan,
olgunluk derecesinden ve bakladaki durumuna gore etkilenmektedir. Ayrica farkl abiyotik kosullarda da
(diisik nem ve yilksek sicakliklar) tohum biiyiikl(igii varyasyon gésterebilmektedir. istisnai olarak kiigiik
tohum boyutuna sahip tohumlar igleme performansini dislrmektedir (6rnegin, hidrasyon ve sisme
kapasitesinde azalma). Bu nedenle, ticari olarak daha kugik tohumlari ayiklamak ve partinin homojenligini
artirmak igin siniflandirilmaktadir (Uebersax et al., 2022). Tohumlarin en-boy orani, tohumlarin genisliginin
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uzunlukla iligkilendirilmesi olup, tohumun dikdortgen bir sekle dogru bir egilimin gdstergesidir (Omobuwajo
et al.,, 1999). Diger taraftan kuru fasulye tohumlarinda tohum rengi ve boyutunda blylk bir varyasyon
mevcut olup, tiketiciler icin bu iki 6zellik olduk¢a 6nemlidir (Aparicio-Fernandez et al., 2005). Singh et al.
(1991), blylk tohumlu kuru fasulye gesitlerinin agirlikli olarak And kokenli iken, Mezo-Amerikan merkezi
olarak adlandirilan kiglk tohumlu cgesitler Meksika ve Orta Amerika kokenli oldugunu ifade etmiglerdir.
Ulkemizde ise ciftgiler kendi tohumlarini secerek kdy ekotiplerini olusturmuslar ve tiiketiciler 6zellikle iri
fasulye tohumlarini tercih etmektedir (Bozoglu & Sdézen, 2011). Kara vd. (2013), kuru fasulye cesitlerinin
uzunluk geniglik, kalinhk ve geometrik ortalama ¢ap degerlerini sirasiyla 9.1-17.8 mm, 5.8-10.0 mm, 4.6-6.0
mm, 7.5-9.8 mm arasinda degisim g0sterdigi ifade etmiglerdir. Bozoglu & Sbézen (2011) ise Artvin ilindeki
fasulye genotiplerinin tohum renginde, uzunluk (1.18-76.99 mm), genislik (5.78-15.35 mm) ve kalinlik (0.71-
9.96 mm) &zelliklerinde genis bir varyasyon oldugunu bildirmiglerdir. Diger taraftan Wani et al. (2017),
barbunya tane tipine sahip fasulye gesitlerinin uzunluk, genislik, kalinlik ve L* degerini sirasiyla 11.45-13.95
mm, 7.0-7.80 mm, 4.70-6.13 mm ve 33.31-38.90 mm arasinda degisim gosterdidini belirtmislerdir.
Calismada elde edilen sonuglar dnceki galismalar ile uyum igeresindedir.

Cizelge 2. Fasulye genotiplerine ait tohumlarin uzunluk, genislik, kalinlik, en-boy orani, L* degeri, aritmetik ortalama ¢ap ve geometrik
ortalama capina iliskin ortalama degerler

Table 2. Mean values of length, width, thickness, aspect ratio, L* value, arithmetic mean diameter and geometric mean diameter of
bean genotypes

. Tohum Tohum Tohum En Bo

Genotipler Uzunlugu  Genigligi Kalinhigi Oranly L AOG GOC'

G1 13.94 d-g 8.17 f-j 6.33 c-g 0.59 f-j 53.45 hi 9.47 e-g 8.97 f-1
G2 13.14 gh 6.67 k 5.06 | 0.51j-m 67.90 f 8.29 ki 7.63 ki
G3 11.66 1 8.22 e-h 6.28 c-h 0.71 a-c 15.63 no 8.72 1-k 8.44

G4 13.73 eg 8.35 f-1 6.60 b-f 0.61 ef 51.00 1 9.56 ef 9.11 e-h
G5 14.79 d 9.67 b-d 7.33ab 0.65 c-e 76.80b 10.60 b-d 10.16 b
G6 17.38 a 8.29 -1 5.92 e-h 0.48 Im 21.87m 10.53 b-d 9.48 cf
G7 16.94 ab 8.64 d-f 6.56 c-g 0.51j-m 62.70 g 10.71 be 9.86 b-d
G8 15.74 c 8.89 d-f 5.80 g-j 0.56 f-j 32.66 k 10.14 cd 9.32 d-g
G9 13.44 gh 7.72 hj 6.14 d-h 0.57 f-1 33.45k 9.10 f-1 8.61 h-j
G 10 17.32 a 11.67 a 7.37a 0.67 b-d 82.76 a 12.12 a 11.42 a
G11 10.88 1 7.88 g-j 6.68 a-e 0.72 ab 72.24 de 8.48 jk 8.30j

G12 11721 6.62 k 512 0.56 f-j 12.67 0 7.821 7.351

G13 17.52 a 9.28 c-e 5.89 f-1 0.53 h-l 72.64 cd 10.89 b 9.85 b-d
G14 16.12 bc 8.45 f-h 7.03 a-c 0.52 1l 72.42d 10.53 b-d 9.86 b-d
G15 14.50 d-f 7.62 6.06 d-h 0.52 1-l 16.66 n 9.39 de 8.75 g-j
G 16 14.80 d 7.37 j-k 5.06 | 0.50 k-m 28.03 1 9.08 f-I 8.20 jk
G 17 13.58 -h 7.40 jk 5.54 h-j 0.54 g-k 68.97 ef 8.84 h-k 8.22 jk
G 18 13.50 gh 10.16 b 6.43 c-g 0.75a 22.91m 10.03 cd 9.59 b-e
G 19 13.08 gh 7.87 g 6.21d-h 0.60 e-g 75.82 bc 9.05 f-j 8.61 h-j
G20 12.74 h 7.91 g 6.31 c-g 0.62 d-f 46.02 8.98 g-j 8.59 h-j
Onceler-98 14.62 de 9.86 bc 6.80 a-d 0.68 b-d 54.45 h 10.42 b-d 9.93 be
Yunus90 17.05 ab 7.87 g+ 6.25 d-h 0.46 m 72.34d 10.39 b-d 9.43 cf
F degeri 131.60** 62.82+* 21.09** 60.04** 1458.33 94.52%+ 70.81%
CV (%) 2.06 3.06 3.94 3.15 2.11 1.90 2.11

'Ayni siitun icerisindeki birbirine benzer harfler ile gosterilen ortalamalar arasinda istatistiki agidan fark bulunmamaktadir. **: 0.01
duzeyinde dnemlidir. AOC: Aritmetik Ortalama Cap; GOC: Geometrik Ortalama Cap

Fasulye genotiplerine ait tohumlarinin kireden sapma miktarinin dlgist olan basiklik degeri 0.25 -
0.54 arasinda degisim gostermistir. En yiksek basiklik degeri, Yunus-90 gesidinde belirlenirken, G6 (0.52),
G16 (0.50), G7 (0.49) ve G2 (0.49) genotipleri bu gesit ile ayni istatistiki grupta yer aldigi belirlenmistir. En
dusuk basikhk degeri ise G18 genotipinde belirlenmigtir. Fasulye tohumlarin kireselligi en yiksek G11
genotipinde (%76.31), en dusuk ise G6 (%54.53) genotipinde saptanmigtir. Fasulye tohumlarinin hacimleri
23.76 (G12)-57.40 (G10) mm® arasinda degisim gostermistir (Cizelge 3). Fasulye genotiplerine ait yigin
hacim agirhgi 6zelligi 828.92- 846.98 kg m* arasinda degisim gostermis, en yiksek yigin hacim agirhg G4

455



Karaman

genotipinde, en diisiik ise G6 genotipinde belirlenmistir. G4 genotipi ile G1 (841.17 kg m™®) genotipi ayni
istatistiki grupta yer almiglardir. Fasulye genotiplerinin gercek hacim agirigi 1173.76-1268.39 kg m?;
porozite ise %27.84-34.64 arasinda degisim gostermistir. Gergek hacim agirigi ve porozite ozellikleri
genotiplere gore benzer sonuglar vermistir. Nitekim en yiiksek G17 genotipinde belirlenirken, bunu Yunus-
90, G19, G12, G8, G20, G10, Onceler-98, G14, G15, G11 ve G18 genotipleri takip etmigtir. Her iki dzellikte
de G2 genotipinde en disik dederlere sahip olmustur. Ylzey alani 6zelligi incelendiginde ise, 169.66 (G11)
- 409.58 (G10) mm? arasinda degisim gosterdigi belirlenmigtir (Cizelge 3).

Cizelge 3. Fasulye genotiplerine ait tohumlarin basiklik, kiresellik, hacim, yigin hacim agirhgi, gergek hacim agirligi, porozite ve

yuzey alanina ait degerler

Table 3. Mean values of kurtosis, sphericity, volume, bulk volume weight, true volume weight, porosity and surface area of seeds of
bean genotypes

Y1gin Hacim Gergek Hacim

Genotipler Basiklik Kuresellik Hacim AGITIG S Porozite Yiizey Alani*
girhig Agirhgi
G1 0.41 f-h 64.34 e-h 35.34 f-I 841.17 ab 1204.22 de 30.14 e 252.36 f-1
G2 0.49 a-d 58.04 k-n 25.68 ki 832.45 de 1173.76 e 27.84f 182.87 kI
G3 0.30 k-m 72.37b 31.66 1 832.28 de 1207.45d 30.39 de 223.73 ]
G4 0.39 hi 66.35 d-g 36.5e-h 846.98 a 1230.93 b-d 32.08 b-e 260.74 e-h
G5 0.351-k 68.69 cd 4554 b 833.58 c-e 1233.67 b-d 32.27 b-e 323.98 b
G6 0.52 ab 54.53 n 39.90 c-f 828.92 e 1234.71 b-d 32.34 b-d 282.31 c-f
G7 0.49 a-d 58.23 k-m 42.87 b-d 831.60 de 1231.17 b-d 32.09 b-e 305.34 b-d
G8 0.44 d-h 59.20 j-I 38.28 d-g 840.55 b 1251.95 ab 33.54 ab 272.87 d-g
G9 0.43 e-h 64.03 f-I 32.57 h+j 833.10 c-e 1224.19 b-d 31.60 b-e 232.62 h-j
G 10 0.33j 65.96 d-g 57.40 a 836.07 b-d 1250.10 ab 33.41 ab 409.58 a
G11 0.28 Im 76.31 a 30.98 i 835.35 b-d 1243.97 a-c 32.99 a-c 216.47 jk
G 12 0.44 d-h 62.75 g-j 23.76 | 835.54 b-d 1253.23 ab 33.62 ab 169.66 |
G 13 0.47 b-f 56.24 |-n 42.94 b-d 836.02 b-d 1218.29 cd 31.17 c-e 304.89 b-d
G14 0.48 b-e 61.15 h-k 42.71 b-d 832.06 de 1249.16 ab 33.33 ab 304.89 b-d
G 15 0.47 b-e 60.37 jk 33.66 g-j 832.41 de 1246.47 a-c 33.16 a-c 240.16 g-j
G 16 0.50 a-c 55.44 mn 29.81 jk 833.70 c-e 1228.62 b-d 31.91 b-e 211.38 jk
G 17 0.46 c-g 60.56 1-k 29.75 jk 831.66 de 1268.39 a 34.64 a 212.33 jk
G 18 0.25m 71.01 bc 40.77 b-e 837.36 b-d 1243.33 a-c 32.94 a-c 288.89 c-e
G 19 0.40 g-1 65.86 d-g 32.63 h+j 838.48 bc 1254.02 ab 33.68 ab 232.83 h+j
G20 0.38 h-j 67.47 cf 32.56 h-j 836.51 b-d 1250.78 ab 33.46 ab 231.89 h-j
Onceler-98 0.33 67.93 c-e 43.48 bc 831.81 de 1249.88 ab 33.40 ab 309.51 be
Yunus-90 0.54a 55.29 mn 39.39 c-f 832.59 de 1254.36 ab 33.70 ab 279.21 cA
F degeri 60.04** 77.98** 71.48** 14.00** 14.05** 14.96** 71.53**
CV (%) 4.46 1.85 4.23 0.23 0.80 2.11 4.24

'Ayni siitun icerisindeki birbirine benzer harfler ile gosterilen ortalamalar arasinda istatistiki agidan fark bulunmamaktadir. **:0.01
dizeyinde dnemlidir

Fasulye tohumlarinin fiziksel 6zelliklerinin bilinmesi ayirma, toplama, siniflandirma ve 6§litme
makinelerinin dizayninda kullaniimaktadir. Ayrica bu 6zelliklerin yaninda basiklik, kiresellik, hacim, ylzey
alani, porozite, yigin ve gergek hacim agirliklarinin bilinmesi 6zellikle depolama yapilarinin tasariminda
kullaniimaktadir. Yigin hacim agirhdi, bir malzemenin yigin halinde paketlendiginde veya istiflendiginde
sahip oldugu yogunluktur; gercek hacim agirligi ise acgik ve kapali gdézeneklerin hacmi hari¢ kati malzemenin
yogunlugunu ifade etmektedir. Bir malzemenin yigin ve gergek hacim agirliklari, yogunluguna ve
malzemenin geometrik ozelliklerine, boyutuna ve ylizey 6zelliklerine baghdir (Rahman, 2005). Porozite ve
ylzey alani ise yigin halindeki malzemenin hava akimina karsi direncinde etkili olmakta ve bu &zellikler
kurutma iglemlerinde oldukga dnemlidir (Dash et al., 2008; Cekim & Ozarslan, 2020). Diger taraftan birgok
aragtirmaci (Berber, 2007; Cekim & Ozarslan, 2020) yigin hacim agirh@i ézelliginde tohumlar arasinda
bulunan hava bosluklari sebebiyle, yigin hacim agirhgr gercek hacim agirigina nazaran daha disuk
degerler aldigini ifade etmislerdir. Wani et al. (2017), barbunya tipine sahip fasulye cesitlerinin kiresellik,
ylizey alani, porozite, yigin ve gergek hacim agirliklarini sirasiyla %52.13-63.08, 137.84-224.18 mm?,
%33.6-37.5, 780-810 kg m™ ve 1220-1270 kg m™ arasinda degisim gosterdigini ifade etmislerdir. Kara vd.
(2013), Ulkemizdeki on iki farkli fasulye cesidinin kiireselligini %58.7-70.0, yiizey alanini 128-301 mm?,
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gercek hacim agirhgini 1292-1317 kg m* arasinda gosterdigini bildirmiglerdir. Cetin (2007), fasulye
tohumlarinin (barbunya tipi) nem seviyesinin yukselmesiyle birlikte kuresellik (%63.2-64.4), porozite
(%47.85-48.56), yidin (579.29-639.24 kg m'3) ve gergek (1225.68-1126.15 kg m'3) hacim agdirliklarinda
arttidini bildirmigtir. Yapilan bu ¢alismalar dogrultusunda fasulye tohumlarinin basiklik, kiresellik, hacim,
ylzey alani, porozite, yigin ve gercek hacim agirhdi ézellikleri nem igerigine, tane buyukluglne, yetistirildigi
gevre sartlarina ve gesit veya genotiplerin genetik yapisina gore degisiklik gosterebilmektedir.

Korelasyon analizi

Arastirmada, fasulye genotiplerinde 14 6zellik incelenmis ve bu 06zelliklerin birbirleriyle olan
iliskisine ait korelasyon katsayilari Sekil 1'de gdsterilmistir. Korelasyon analizi, iki veya daha fazla
degisken arasindaki iligkiyi, bu iligkinin yonini ve derecesinin belirlenmesinde kullanilan bir istatiksel
analiz yontemdir. Nitekim, gergek hacim agirhgi x porozite (GHAxP), tohum genisligi x hacim (TGxH),
tohum genigligi x ylzey alani (TGxYA), tohum genisligi x geometrik ortalama c¢ap (TGxGOQC), aritmetrik
ortalama c¢ap x hacim (AOCxH), aritmetrik ortalama ¢ap x ylzey alani (AOCxYA), aritmetrik ortalama ¢ap
x geometrik ortalama cap (AOCxGOC), geometrik ortalama cap x hacim (GOCxH), geometrik ortalama
¢ap x yuzey alani (GOCxYA), yuzey alani x hacim (YAxH), en-boy orani x kiresellik (EBOxK) 6zellikleri
arasinda pozitif ydonde ve g¢ok yiksek bir korelasyon (r=0.90-1.00***) oldudu belirlenmigtir. Tohum
uzunlugu x hacim (TUxH), tohum uzunlugu x yizey alani (TUxYA), tohum uzunlugu x geometrik ortalama
cap (TUXGOQ), tohum uzunlugu x aritmatik ortalama ¢ap (TUxXAOC), tohum kalinligi x hacim (TKxH),
tohum kalinh@r x ylzey alani (TKxYA), tohum kalinligi x geometrik ortalama c¢ap (TKXGOC), tohum
kalinligi x tohum genisligi (TKxTG) ve tohum genigligi x aritmatik ortalama c¢ap (TGXAOC) ozellikleri
arasinda yuksek dizeyde pozitif bir korelasyon (r=0.70-0.89***) tespit edilmigtir. Tohum uzunlugu x tohum
genigligi (TUXTG), tohum uzunlugu x basiklik (TUxB), tohum parlakhdi x tohum kalinligi (LXTK), tohum
kalinhdi x kiresellik (TKxK), tohum kalinligi x en-boy orani (TKXEBO) ve tohum genislidi x en-boy orani
(TGXEBO) 6zellikleri arasinda orta diizeyde pozitif korelasyon (r=0.50-0.69*) bulunmustur. Diger taraftan,
geometrik ortalama ¢ap x yidin hacim agirigi (GHAxYHA), porozite x yidin hacim agirhdi (PxYHA),
basiklik x kiresellik (BxK) ve basiklik x en-boy orani (BXEBO) 6zellikleri arasinda negatif yénde oldukc¢a
yiksek bir korelasyon (r=-0.90-1.00***) oldugu saptanmistir. Tohum uzunlugu x kiresellik (TUxK), tohum
uzunlugu x en-boy orani (TUXEBO), basiklik x tohum genisligi (BXTG) ve basiklik x tohum kalinligi (BXTK)
ozellikleri arasinda orta diizeyde negatif bir korelasyon (r=-0.70-0.89****) tespit edilmistir (Sekil 1).
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Sekil 1. Fasulye genotiplerinde ele alinan 6zellikler arasindaki korelasyon katsayilari (r).

Figure 1. Correlation coefficients (r) between the traits analyzed in bean genotypes.
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Genel olarak tohum uzunlugu, genisligi ve kalinligi, aritmetik ortalama ¢ap, geometrik ortalama ¢ap
ve tohum hacmi Ozellikleri arasinda pozitif iliski oldugu belirlenmistir. Ayrica, bu 6zellikler tohumun diger
Ozellikleri ile negatif veya pozitif ydonde duslk korelasyon gostermis ya da hig gdéstermemistir. De Oliveira
et al. (2021), soya fasulyesi tohumlarinin uzunluk, genislik, kalinhdi ile tohum hacmi arasinda pozitif
yonde yuksek korelasyon; yigin hacim agirlidi ile tohum hacmi arasinda ise negatif yénde orta diizeyde
iliski oldugunu tespit etmislerdir. Kara et al. (2013), fasulye cesitlerinin boyut ve sekil analizlerini
incelemigler ve yaptiklari analiz sonucunda tohum sekli ile tohum genigligi ve tohum uzunlugu arasinda
pozitif korelasyon oldugunu belirlemislerdir. Arastirmacilarin g¢alismalarindaki bulgulara benzer olarak,
yapilan bu galismada boyut 6zellikleri (uzunluk, genislik, kalinlk, hacim, ylzey alani) arasinda pozitif
korelasyon oldugu belirlenmisgtir.

Temel bilesen analizi (TBA)

Fasulye genotiplerinde incelenen fiziksel dzelliklerde yapilan TBA sonucunda toplam ¢oklu varyasyon
%91.7 olarak belirlenmistir. Temel bilsen analizindeki 6zdegerinin 1’den buyik olmasi, analizdeki temel
bilesen agirliklarinin givenilir olmasini ifade etmektedir (Mohammadi & Prasanna, 2003) Bununla birlikte
¢alismada 6zdegeri 1’den kuguk degerler alan faktorler goz ardi edilmistir (Dunteman, 1989). Calismada da
3 temel bilesenin 6zdederi 1’den buyuk oldudu belirlenmistir. Temel bilesen analizinde ilk (¢ ana bilesen igin
0z degerleri 2.31 ile 6.18 arasinda degismektedir. Bu U¢ ana bilesen icin belirlenen 6zellikler genotiplerin
siniflandirimasinda temel olabilecek 6zellikler olarak ortaya c¢ikmaktadir. Temel bilesen analizi
incelendiginde, 14 ana bilesenden 3 tanesi toplam degiskenligin %91.7’sini agiklamaktadir. Bu bilgiler
dogrultusunda, g¢alismada toplam varyasyonun %44.2’sini olusturan birinci temel bilesende (TB1), tohum
genisligi, tohum kalinhgi, aritmetik ortalama cap, hacim, geometrik ortalama cap ve yuzey alani 6zelliklerinin
yuksek degerler almasi genotipler arasindaki farkliligi ortaya koyan en énemli ézellikler oldudunu ifade
etmektedir. Toplam varyasyonun %31.0’lik kismini olusturan ikinci temel bilesenleri (TB2), tohum uzunlugu,
en-boy orani, kiresellik ve basiklik ézellikleri; G¢iinci temel bilesenleri (TB3) (%16.51) ise, porozite, yigin ve
gercek hacim agirligi 6zellikleri olusturmustur. Diger ana bilesenlerin toplam degiskenligi aciklama orani,
azalan oranlarda devam etmektedir (Cizelge 4).

Cizelge 4. incelenen fiziksel 6zelliklerin temek bilesen analizi

Table 4. Principal component analysis of the physical properties analyzed

Terimler TB1 TB2 TB3 TB4
Oz (Eigen) degeri 6.18 4.34 2.31 0.88
Varyans (%) 44.20 31.04 16.51 6.27
Kum{latif Varyans (%) 44.20 75.9 91.70 97.97
Ozellikler

TG 0.89 0.03 0.01 0.04
TU 0.40 0.48 0.10 0.01
TK 0.68 0.08 0.05 0.04
AOC 0.87 0.10 0.01 0.01
GOC 0.98 0.02 0.00 0.00
EBO 0.08 0.70 0.19 0.01
K 0.02 0.74 0.22 0.01
B 0.08 0.70 0.19 0.01
YA 0.98 0.02 0.00 0.00
L 0.22 0.01 0.01 0.74
H 0.98 0.02 0.00 0.00
YHA 0.01 0.49 0.51 0.00
GHA 0.01 0.49 0.51 0.00
P 0.01 0.48 0.51 0.00

TG:Tohum genigligi, TU:Tohumlarin uzunlugu, TK:Tohum kalinligi, EBO:En-boy orani, L:L* degeri, AOC:Aritmetrik ortalama ¢api,
GOC:Geometrik ortalama ¢api, B:Basiklik, K:Kuresellik, H:Hacim, YHA:Y1gin hacim agirigi, GHA:Gergek hacim agiriigi, P:Porozite,
YA:Yizey alani
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Ayrica TBA sonucunda ele alinan Ozelliklerin ve genotiplerin dagihmi Sekil 2’de gdsterilmigtir.
Gorunarligin daha iyi olmasi igin, ele alinan &zelliklerin vektorleriyle ¢alismada kullanilan genotip ve
cesitler farkli panellerde verilmistir. Cos2 terimi, belirli bir 6zellik icin bir bilesenin 6nemini géstermekte ve
hangi bilesen lzerinde ¢ikarim yapilacagini belilemede énem arz etmektedir (Abdi & Williams, 2010; Adu
vd., 2018). Bir 6zellik i¢in, tim boyutlardaki cos2 'nin toplami 1'e esit olup, yiksek cos2 degderine sahip olan
faktorler, korelasyon ¢emberinin g¢evresine yakin olmaktadir. Bu da degiskenin temel bilesenlerde iyi bir
sekilde temsil edildigini ifade etmektedir. Ayrica, degisken dairenin merkezine yakin oldugu durumlarda
diUsUk bir cos2 degeri almakta ve bu durum ise, degiskenin temel bilesenlerce tam olarak temsil edilmedigini
ifade etmektedir (Kassambara, 2017; Adu et al., 2018). Degigkenlerin bu durumlari g6z 6nlne alindiginda
ele alinan d6zellikler icerinde en yiksek etki geometrik ortalama gap, hacim ve ylzey alani zelliklerinde; en
dusuk etki ise parlaklik (L*) 6zelliinde gézlemlenmistir. Ele alinan &zelliklerin meydana getirdigi vektorler
aras! acinin daralmasi 6zelliklerin yakinligini, ilgili aginin blyimesi 6zellikler arasindaki iliskinin zayifligini
ifade etmektedir (Kendal et al., 2014). Bu bilgi dogrultusunda basiklik, gercek hacim agirligi, porozite
Ozellikleri ile ters yonde olan kuresellik, en-boy orani ve yigin hacim agirlig1 arasindaki a¢i oldukga fazladir,
bu durum bu 6zellikler arasindaki iligkinin zayif oldugunu géstermektedir. Diger taraftan tohum uzunlugu ile
geometrik ortalama c¢ap, aritmetik ortalama g¢ap, tohum parlakligi, tohum genisligi, tohum hacmi ve tohum
kalinhgi arasindaki agi dar olmasi belirtilen bu &zelliklerin yakinhgini agikga gostermektedir. Calismadan
elde edilen sonuclar literatiirde belirtilen ifadeleri desteklemektedir.

Fasulye gesit ve genotiplerinin temel bilesen analizine gore dagilimlari ele alindiginda, en yiiksek
cos2 degeri ve temel bilesen merkezinden en uzakta bulunan genotiplerde G10 ve G12 (TB1 degerleri
sirasiyla 0.99 ve 0.95); en disUk cos2 degeri ile temel bilesen merkezine en yakin G1 (TB1 degeri 0.00)
genotipinde belirlenmistir (Sekil 2). Cesitler ve genotipler tzerinde etkili olan 6zelliklerin belirlenmesinde
TBA bir ara¢ olarak kullaniimaktadir (Sivakumar et al., 2020). Fasulye Uzerine yapilan temel bilesen
analizi sonucunda Yeken vd. (2019), fasulye genotipleri arasinda morfolojik 6zelliklerde 10 tane TBA
ekseni elde etmigler ve bu eksenlerin toplami varyasyonun %68.6’sin1 olusturdugunu belirlemislerdir.
Fasulyenin genetik cesitliligi Uzerine yapilan bagka bir calismada 5 bilesenin eksenleri toplam
varyasyonun %78.4’(inii ifade ettigi belirlenmistir (Oztiirk, 2018). incelenen literatiir calismalari arasindaki
benzerlik ve farkhhklarin, genotip ve ¢evre faktorlerinin etkilerinden kaynaklandigi ifade edilebilir. Genotip
ve gesitlerin tohum fizyolojik 6zellikleri Gzerine yapilan TBA'lerinde ¢evresel faktorler ve genetik gesitlilik
oldukca 6nemlidir (Dias et al., 2007; Oten & Albayrak, 2018). Calismadan elde edilen sonuglar literatir
calismalari ile uyum igerisindedir. Ayrica ileriki yillarda, incelenen 6zelliklere sahip genetik materyaller
islahgilara pratik anlamda fayda saglayabilecegi dusintlmektedir.

PCA - Biplot

cos2

075
0.50
0.25

G10
cos2

® 025
® 050
@® o

" Dim1 (44.2%)

Sekil 2. Temel bilesen analizi sonucunda incelenen 6zellikler ve genotiplerin dagilimi.

Figure 2. Distribution of traits and genotypes analyzed by principal component analysis.
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Kiimeleme is1 haritasi (cluster heat map)

Isi haritasi, bir veri matrisinde sira ve sutundaki verilerin hiyerarsik kiimeleme yapisiyla beraber
ortaya koyan iki boyutlu bir veri gorsellestirme yaklasimidir (Wilkinson & Friendly, 2009; Barua et al., 2022).
Calismada 2 tane tescilli ile 20 tane farkli tip, boyut ve renkteki fasulye genotipi ile incelenen 14 6zelligin
kimeleme analizine gore 1siI haritasi Sekil 3'te gosterilmigtir. Isi haritasinda iki dendrogram bulunmaktadir;
biri genotipleri (satirlar), digeri ise renk dagiimini tetikleyen 6zellikleri (siitunlar) yansitmaktadir (Barua et
al., 2022). Kimeleme analizi sonucunda olusan dendogramda, incelenen 6zelliklere bagl olarak genotipler
dort gruba ayrilmigtir. Ayrilan bu gruplarda 6 tane genotip ile en fazla genotipe sahip olan IV. grup; bunu 5
genotip ile Il, Ill ve V. gruplar takip etmis ve icerdidi 1 genotip ile en az lGyeye sahip |. Gruptur. Genotiplerin
birbirleri ile olan iligkileri ve genetik uzakliklari incelendiginde G14 (V) ile G7 genotipleri (V) en yakin, G10 (1)
ile G14 (V) genotipleri ise birbirine en uzak genotipler oldugu belirlenmistir. incelenen ézelliklere ait olugan
dendogramda ise 3 farkli grup olusmus ve en fazla 6zellik B grubunda (7 adet), bunu sirasiyla A (4 adet) ve
C grubu (3 adet) takip etmistir. Her grup i¢inde bulunan 6zelliklerin birbirleriyle iliskisi oldukga ylksek oldugu
belirlenmistir. Isi haritasi tim &zellikleri karsilastirmakta ve her genotipin en yilksek ve en disuk degerlerini
farkh renk yogunluklarinda gdstermektedir. Nitekim, I. gruptaki genotip (G10) tohum uzunludu, genisligi,
kalinhgi, hacmi, yizey alani, parlakhgi (L*), aritmetik ve geometrik ortalama cap 6zellikleri yliksek degerler
aldigini, IV. gruptaki genotipler ise genel olarak |. gruptaki ozelliklere gore disiUk degerler aldig
gorilmektedir. V. grupta bulunan genotiplerin A ve B grubundaki dzellikleri genel olarak orta ve yuksek iken,
C grubundaki 6zelliklerin diislik degerler aldigi tespit edilmigtir.

Belirli bir populasyondaki gruplar arasinda benzerlik ya da farkliliklar kimeleme analizi ile
belirlenebilmektedir. Bununla birlikte, populasyonlarin birbiri ile olan taksonomik iligkilerinin gésterilmesinde
de kiimeleme analizi kullanilmaktadir (Cartea et al., 2002). Kiimeleme analizine gére 1si haritasi, ton veya
yogunluga gére renk degisiminin nasil gruplandirildigini veya grup icindeki degisimleri ifade etmektedir
(Barua vd., 2022). Kimeleme analizindeki I1s1 haritasina gore fasulye genotipleri ve incelenen 6zellikler
arasinda genis bir varyasyonun oldugunu belirlenmistir (Sekil 3). Ayrica, 1s1 haritasinin sonuglari, korelasyon
ve temel bilesen analizi sonuglarini benzerlik gésterdigi belirlenmistir (Cizelge 4 ve Sekil 2).
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TG:Tohum genigligi, TU:Tohumlarin uzunlugu, TK:Tohum kalinligi, EBO:En-boy orani, L:L* degeri, AOC:Aritmetrik ortalama ¢api,
GOGC:Geometrik ortalama capi, B:Basiklik, K:Kiresellik, H:Hacim, YHA:Y1gin hacim agirligi, GHA:Gergek hacim agirligi, P:Porozite,
YA:Ylzey alani

Sekil 3. Farkli fasulye genotipleri ve 6zelliklerin kiimelendigi (cluster) modeli gésteren isi haritasi (heatmap).
Figure 3. Heatmap showing the cluster pattern of different bean genotypes and traits.

Oz vd. (2003) ve Sdzen (2006), tarimsal ¢alismalarda tiiketici ve Uretici taleplerine gére ¢ok sayida
parametre incelemesi gerektigini belirterek, bitkilerde ekonomik éneme sahip 6zelliklerin poligenik kaltim

gOsterdigini ve karakterlerin ayri ayri degerlendiriimesinin bazen hatali yorum ve 6neriler ortaya gikardigini
ifade etmiglerdir. Bu nedenle birgok arastirmaci (Madakbas & Ergin, 2011; Sézen vd., 2014a; Soydas vd.,
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2021; Karaman & Tirkay, 2022) arastirmacilar ¢ok degiskenli analiz yontemlerinin kullaniimasinin birden
fazla karakterin ayni anda analiz edilmesine olanak sagladigini ileri stirmislerdir. Ulkemizde fasulye
genotiplerinin tarimsal 6zellikleri Gzerine yapilan birgok kiimeleme analizi sonucunda fasulye genotiplerinin
genis bir varyasyon gosterdigini arastirmacilar ifade etmislerdir (Ceyhan vd. 2009; Sézen vd., 2014a;
Kahraman vd., 2014; Biyikh vd. 2015). Literatur ¢calismalarinda elde edilen tarimsal dzelliklerdeki varyasyon
yapilan fasulye tohumunun fiziksel 6zellikleri Gizerinde de belirlenmistir.

SONUC

Calismada farkli renk ve boyutlardaki fasulye genotiplerinin incelenen fiziksel 6zellikleri arasinda
zengin bir varyasyon bulunmaktadir. Calismada incelenen bu &zellikler Uzerinde kullanilan istatistiki
analizler dogrultusunda fasulye genotiplerinin icerisinde G10 genotipi 6n plana ¢ikmaktadir. Korelasyon
analizi sonucunda genel olarak tohum uzunlugdu, genigligi ve kalinhidi, aritmetik ortalama ¢ap, geometrik
ortalama ¢ap ve tohum hacmi dzellikleri arasinda pozitif iliski oldugu belirlenmistir. incelenen 6zellikler
tohum genigligi, tohum kalinligi, aritmetik ortalama c¢ap, geometrik ortalama c¢ap, hacim ve ylzey alani
Ozelliklerinin ylksek agirlik dederleri ile birinci temel bilesende (TB1) yer almis olup, en ylksek cos2 degeri
ve temel bilesen merkezine en uzak genotipler G10 ve G12 olmustur. Kimeleme analizi sonucunda olusan
dendogramda, incelenen dzelliklere bagli olarak genotipler dért gruba ayrilmigtir. Bu gruplar iginde 6 genotip
ile en fazla genotipe sahip olan IV. grup; bunu 5 genotip ile Il, lll ve V. Gruplar takip etmis ve en az uyeye
sahip | grupta ise 1 genotip bulunmaktadir. incelenen 6zelliklerin dendograminda ise 3 farkli grup olusmus
ve en fazla 6zellik B grubunda (7 adet), bunu sirasiyla A (4 adet) ve C grubu (3 adet) takip etmigstir. Yapilan
bu cok degiskenli analizlerin sonucunda belirlenen dzellikler fasulye genetik materyalleri Gzerine 1slahgilara
pratik anlamda fayda saglayacagi dustiniimektedir.
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0z
Amag: Kombu cayi Uretiminin optimizasyonu igin substrat ve fermantasyon
kosullari 6nemlidir. Bu ¢alismanin amaci, siyah ve yesil gay kullanilarak

belirlenmis fermantasyon parametrelerinde Uretilen Kombu caylarinin bazi
O6nemli gida bilesenleri Uzerindeki etkilerini belirlemektir.

Materyal ve Yontem: Siyah ve yesil cay ornekleri (SYC ve YEC), 25°C'ye
sogutulduktan sonra her ikisine de esit miktarda simbiyotik bakteri ve maya
kiltirinden (SCOBY) olugsan kombu c¢ayi starteri kullaniimistir.Fermantasyon
25°C’'de 7 gin devam etmistir. Uretilen kombu cayl (SKOM ve YKOM)
orneklerinde pH, kimyasal bilesim, seker bilesenleri, renk 6zellikleri, organik asit
profili ve duyusal degerlendirme yapilmistir.

Arastirma Bulgulan: Fermantasyon stiresince, her iki cayda pH azalmistir;
Kombu cayi orneklerinde kil igerigi fermantasyonun ilk glnune gore onemli
dizeyde azalmistir. Siyah g¢aydan duretilen kombu c¢ayinda glukoz, fruktoz ve
sakaroz fermantasyon siresince mikrobiyota tarafindan tamamen kullaniimistir.
Yesil cayin fermantasyonu suresince de seker kullanimi olmasina karsin yesil
caydan Uretilen kombu gayinda énemli miktarda glukoz, fruktoz ve sakaroz tespit
edilmistir. Hem siyah hem de yesil gay ile Uretilen kombu 6rneklerinde asetik asit
miktari fermantasyona bagli olarak énemli diizeyde artmisgtir. Hem siyah hem de
yesil gcay ile Uretilen kombu gaylari genel olarak begenilerek tiketilmistir.

Sonug: Ulkemizde &nemli olan cay tiiketimine alternatif olabilecek,
fermantasyonla saglik o6zellikleri artirilabilecek bir Grin olan kombu gayinin
uretim teknolojisine katki saglayacagdi dugtnulmektedir.

ABSTRACT

Objective: The substrate and fermentation conditions are critical for kombucha
production. The aim of this study is to determine the effects of different
substrates on kombucha fermentation.

Material and Methods: Black and green tea samples (BT and GT) were cooled
to 25°C and mixed with an equal amount of kombucha culture. Fermentation
continued for 7 days at 25°C. The pH, chemical composition, sugar
components, color properties, organic acid profiles, and sensory properties of
kombucha (BTK and GTK) were evaluated.

Results: During fermentation, pH slightly decreased in both tea samples; the
ash content of kombucha samples decreased significantly compared to the first
day of fermentation. During fermentation, the microbiota thoroughly utilized
glucose, fructose, and sucrose in black tea kombucha samples. Although sugar
is used during the fermentation of green tea, significant amounts of glucose,
fructose, and sucrose were detected in green tea kombucha. In both samples,
acetic acid increased significantly due to fermentation. Kombucha, produced
with black and green tea, is generally consumed with pleasure.

Conclusion: It is critical to investigate the properties of kombucha, which is a
product that could be an alternative to tea consumption habits in our country
and could improve its health properties by fermentation.
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Cay, kendine has renk, tat ve yanisira igerdigi biyoaktif bilesenlerle saghga faydal etkileri nedeniyle
de ilgi duyulan ve dinyada yaygin olarak tiketilen bir igcecektir. Camellia sinensis L. olarak adlandirilan ¢ay
bitkisinin yapraklari her mevsim yesil renktedir. igeriginde bulunan fenolik maddeler, antioksidan aktivitesinin
yiiksek olmasini saglar (Unal vd., 2016). Katesinler (flavanoller), gesitli fenolik bilesenler arasinda en énemli
trdir. Yesil cayda katesinler daha fazla bulunurken, siyah ¢ayda fermantasyon islemiyle yerini theaflavinler
ve thearubiginler’e birakmaktadir. Bu reaksiyon, ¢aya hafif burukluk, parlaklik ve kirmizimsi bir renk verir.
Yapilan pek ¢ok calismada cayin, antioksidan, antimutajenik, antibakteriyal, yaglanmayi geciktirici, obezite
ve diyabetin komplikasyonlarini 6nleyici gibi yararli 6zelliklerinin oldugu belirtimektedir (de Oliveira et al.,
2023). Bunun yaninda gay igmenin kardiyovaskuler hastaliklar azalttigi ve olumsuz etkilerini en aza indirdigi
belirlenmistir (Chieng & Kistler, 2022).

"Kombucha", Japonca Laminaria japonica adli genis yaprakli bir deniz yosununu tanimlayan
"Kombu" ile gay anlamina gelen "Cha" kelimelerinin birlesiminden olusur (Giritlioglu vd., 2020). Kombu
cayi, hafif tath ve eksimsi bir lezzete sahip bir igcecek olarak giderek daha popller hale gelmektedir.
Mikroorganizmalarin aktivitesiyle olusan bu fermente icecek genellikle siyah cayin, selilozik yapidaki
kombu cgayi starteri fermantasyonuyla Uretiimektedir. Bu biyofilm tabakasi ‘cay fungusu’ olarak bilinmekte
ve ‘SCOBY’ olarak isimlendiriimektedir. SCOBY, ‘bakteri ve mayalarin simbiyotik kiltiri’ anlamina gelen
‘Symbiotic Culture of Bacteria and Yeast’ in kisaltmasidir (Laureys et al., 2020). Vegan Urlin olmasi
nedeniyle glinimuizde 6n plana ¢ikan bir fermente Grinddr.

Siyah gay ve seker, Kombucha'nin hazirlanmasi igin geleneksel substratlardir, kombu gayi starteri
de bu fermantasyonla biyokutlesini artirmaktadir. Farkh bitki caylarinin da kullanilabilecegi de bildirildigi
gibi (Li et al., 2022) bazi g¢aligmalarda da farkli meyve sulariyla kombu gayl fermantasyonu da
incelenmistir (Watawana et al., 2017; Villarreal-Soto et al., 2018). Kombu ¢ayi Uretiminde kullanilan ¢ayla
birlikte, mikroorganizmalarin gelisimi i¢in sakaroz da ilave edilir. Fermantasyon igin inokulasyon materyali
olarak hacminin %10 ila 20'si kadar daha 6nce fermantasyonu tamamlanmis cay veya cayin ince
selllozik biyofilm tabakasi inokdle edilir ve farkli sicaklik ve giin parametreleri ile fermantasyon sonunda
farkli asitlik seviyelerine ulasiimaktadir (Essawet et al., 2015). Baslica fermantasyon urlnleri asetik asit,
sitrik asit, glukoronik asit gibi organik asitler, diyet lif, etanol ve CO,'dir. Ayrica fenolik bilesenler, C
vitamini ve B grubu vitaminleri gibi pek ¢ok biyoaktif bilesen de fermantasyon ortaminda Uretilebilir
(Villarreal-Soto et al., 2018; Kapp & Sumner, 2019; Cardoso et al., 2020).

Fermantasyon sirasinda, kombu c¢ayl starter icerigindeki mayalar, ekstrakt icinde ¢oziinmis
sakarozu invertaz enzimi ile hidrolize etmektedir. Mayalar, sakarozun etanole hidrolizinden salinan glukoz
ve fruktozu metabolize ederek, etanoldeki asetik asit bakterileri tarafindan asetik aside
dondstirilmektedir (Essawet et al., 2015). Ayrica mayalar tarafindan etanol Uretilirken, asetik asit
bakterileri glukozdan glukoronik asit, fruktozdan asetik asit de Uretebilmektedir (MalbaSa et al., 2008;
Watawana et al., 2015). Kombu ¢ayinin igerigini asetik asit, etanol, glukoronik asitin yani sira okzalik asit,
seker, By, Bg, By, ve C vitamini gibi suda ¢6ziinen vitaminler, katesinler, teaflavinler, flavonoller,
aminoasitler, karbondioksit, sodyum, potasyum, kalsiyum, bakir, demir, mangan ve ginko gibi mineraller
olusturmaktadir. Kombu ¢ayl sadece tat ve lezzeti ile degil, profilaktik ve terapétik etkileri nedeniyle de
severek tuketilmektedir (Teoh et al., 2004; Battikh et al., 2013).

Kombu c¢ayinin, fermantasyon kinetigi, Uretilen metabolitler ve biyoaktif bilesenlerle iligkisini
anlayabilmek icin daha fazla arastirmaya ihtiya¢ vardir. Ayrica kombu c¢ayi Uretim optimizasyonunda
kullanilacak substrat ve optimum fermantasyon kosullarinin belirlenmesi icin de pek ¢ok parametre ve
varyasyon gerekmektedir (Villarreal-soto et al.,, 2021). Bu arastirmada siyah ve yesil gay kullanilarak
belirlenmis fermantasyon parametrelerinde fermente edilen Kombu ¢aylarinin bazi énemli gida bilesenleri
uzerindeki etkilerinin arastirilmasi amaclanmistir.
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MATERYAL ve YONTEM
Materyal Temini

Arastirmada kullanilan kombu gay starteri, Danem Siit ve Sit Urlnleri Ltd. Sti. (Siileyman Demirel
Universitesi, Géller Bélgesi Teknokenti, Isparta) tarafindan saglanmistir. Uretimde kullanilan ayni marka
siyah ve yesil gaylar Isparta ilindeki yerel marketten temin edilmistir.

Kombu Cayi Uretimi ve Parametreleri

Uretimde, 8 g siyah cay veya 8 g yesil cay 800 mL sicak su ile 15 dakika demlenmeye birakilmistir.
Daha sonra c¢ay ekstraktlari stzllerek ve her iki caya 16 gr seker eklenmistir. Siyah ve yesil cay érnekleri
(SYC ve YEQC), 25°C’ye sogutulduktan sonra her ikisine de esit miktarda olmak Uzere 60 g kombu g¢ayi
starteri ilave edilmistir. Fermantasyon 25°C’de 7 gin devam etmigtir. Kombu cayl (SKOM ve YKOM)
Uretimleri 2 tekerrirli olarak gercgeklestirilmistir. Siyah cay ve yesil cay orneklerinden ve bunlardan Uretilen
kombu caylarindan o6rnekler alinmigtir. Farkli kombu c¢ayi 6rneklerinde pH, kimyasal bilesim, seker
bilesenleri, organik asit profilinin tespiti, renk degisimi ve 6rneklerin duyusal analizleri gergeklestirilmistir.

Metot
pH

Orneklerin pH degerleri Inolab (WTW, Masurement System, FL, ABD) pH metre kullanilarak
belirlenmistir.

Kimyasal Bilesim

Orneklerin kimyasal bilesiminin tespiti igin protein (AOAC, metot 984.13), yag (AOAC, metot 996.06),
kurumadde (AOAC, metot 953.07) ve kil (AOAC, metot 923.03) analizleri yapiimistir (AOAC, 2012).

Seker Bilesenleri

Kombu cayl o6rnekleri 0,45 pm filtreden gegirilmistir. Seker bilesenlerinin kantitatif tayininde
Shimadzu RID-10A dedektéri (Shimadzu Corporation, Kyoto, Japonya) ile Shimadzu LC 20AD
pompasindan olusan HPLC Sistemi kullaniimistir. Ayirma igleminde LiChroCART, 250 x 4.6 mm, 5 uym
kolon kullaniimistir. Kolon firin sicakligi ise 80°C'ye ve enjeksiyon hacmi 20 pL olarak ayarlanmistir.
Asetonitril ve deiyonize sudan (75:25 v/v) olusan mobil faz kullaniimis ve akis hizi 1.0 mL/dk olarak
ayarlanmigtir (Muhialdin et al., 2019).

Organik Asit Profili

HPLC cihazinda SPD-10Avp UV-VIS dedektdér (210 nm) kullanilarak kombu ¢ayl érneklerinde
organik asitlerin (okzalik asit, sitrik asit, asetik asit, laktik asit, sitrik asit ve suksinik asit) icerigi
belirlenmistir. Teknokroma tracer extrasil ODS2 250%4.6 mm boyutlarinda partikil ¢apt 5 ym (Barselona,
ispanya) kolona 0.8 ml/dk akis hizinda érnekler enjekte edilmistir. pH'si 2.20'ye ayarlanan H;PO,/H,0,
mobil faz olarak kullaniimistir (Jayabalan et al., 2007; Muhialdin et al., 2019).

Renk

Renk o6lcimi Minolta Chroma Meter (CR-400; Konica Minolta, Inc., Marunouchi, Japan) ile
yapilmistir. Ornekler kristal kuvartz cam tiiplere hava boslugu kalmayacak sekilde eklenip; CIE L*, a*, b*
ve AE degerleri okunmustur (Guzel-Seydim et al., 2021). Bu koordinat sisteminde, L* degeri dikey
eksende parlakhktan koyuluga gidisi gésterirken, +a* kirmiziliga, -a* yesillige, +b* sariiga ve -b* mavilige
sahiptir. Orneklerin élgiminden énce cihazin kalibrasyonu beyaz kalibrasyon plakasi ile yapiimistir.

Duyusal Degerlendirme

7 gin sonunda fermantasyonu tamamlanan drneklerden kombu c¢ayi starteri stiziildiikten sonra érnekler
sogutulmustur. Panelistiere 4°C’de soguk olarak verilmistir. Siyah ve yesil gaylardan hazirlanan Kombu
caylarinin duyusal olarak degerlendiriimesi 1-9 arasinda hedonik skala kullanilarak gergeklestirilmistir. Kombu
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caylari kodlandinlarak 8 paneliste, duyusal degerlendirme formuyla beraber sunulmus ve Urinlerin
degerlendiriimesinin yapilmasi istenmistir (Osiripun & Apisittiwong, 2021).

istatistiksel degerlendirme

Kombu cayi Uretimi 2 tekerrtrll, analizler en az 2 paralelli olarak gerceklestiriimistir. Analiz
sonugclarinin istatistiksel degerlendiriimesinde SPSS v24.0 paket programi (SPSS Inc., Chicago, lllinois,
US) kullaniimis, veriler ¢coklu varyans analizi (ANOVA) uygulanmistir. Farkliliklar arasinda p <0.05 anlamli
olarak kabul edilmistir.

ARASTIRMA SONUCLARI ve TARTISMA

Siyah cay ve yesil cay orneklerinin sirasiyla ortalama pH degeri 4.15 £0.10 ve 3.29 +0.05 olarak
belirlenmistir. Fermantasyon sonrasi siyah ve yesil gaydan uretilen kombu ¢ayi érneklerinde 7. gunde pH
degerleri 3.20 +0.20 ve 3.26 +0.03'dir. Fermantasyon suresince, her iki cayda da pH dismustir;
fermantasyon sonunda siyah ve yesil cay orneklerin pH deg@erleri benzer bulunmustur (p>0.05). Kombu
cay Uretimiyle ilgili yapilan arastirmalarda farkli seker oranlari, farkli fermantasyon sicaklik ve sireleri
kullaniimasina kargin genel olarak kombu gayinin pH degeri 3.20-3.60 aralidinda bulgularimizla uyumlu
olarak tespit edilmistir (Cvetkovi¢ et al., 2008; Kallel et al., 2012; Veli¢anski et al., 2014).

Siyah ve yesil cay ile hazirlanan kombu caylarinin kimyasal analiz bulgulari Cizelge 1'de
sunulmustur. Siyah ve yesil gaylarin kuru madde degerleri ile bunlardan hazirlanan kombu gaylarinin kuru
madde degerleri birbirine benzer olarak %98-%99 araliginda tespit edilmistir. Bulgular, Jayabalan et al.
(2010)"1n yaptigi arastirma sonuglariyla uyumludur. Kombu ¢ayi érneklerinde kil igerigi fermantasyonun
ilk glnine gore oOnemli dizeyde azalmistir (p<0.05). Kombu g¢ayl fermantasyonu sliresince
mikrobiyotanin mineral kullanimiyla ilgili oldugu distnUlmustir. Yapilan bir galismada, beyaz seker
(%10), hindistan cevizi, hurma sekeri (%10) ve pekmez (%10) ile hazirlanan Kombu ¢ay 6érneklerinin kil
icerigi sirasiyla %0.23, %0.04 ve %0.60 tespit edilmistir (Muhialdin et al., 2019). Kombu c¢ayinin kil
icerigi, Uretim sdrecinde kullanilan karbon kaynaklarina baglidir. Bununla birlikte, farkli hammaddelerden
yapilan kombu ¢ayinin kil igerigi ile ilgili sinirli sayida literattir vardir.

Cizelge 1. Kombu gaylarinin kimyasal analiz bulgulari (g/100g)

Table 1. Chemical composition of kombucha teas (g/100g)

Ornek Nem Kl Protein  Yag Karbonhidr
SYC 99.38+0.25  0.095+0.005" - - 0.47+0.23"
SKOM 98.46+0.31  0.065+0.003" - - 1.42+0.45%
YEC 98.68+0.18  0.090+0.001* - - 1.17+0.25*
YKOM 98.52+#0.35  0.075+0.005° - - 1.35+0.25*

SYC: Seker ilave edilmis siyah ¢gay, SKOM: Siyah c¢ay ile uretilen kombu gayi, YEC: Seker ilave edilmis yesil gay, YKOM: Yesil cay
ile Uretilen kombu gayi

ab. Ayni sutunda farkh harflerle ifade edilen siyah ve yesil cay 6rneklerinde farkliliklar dnemlidir (p<0.05)

AB: Siyah ve yesil cay drneklerinde fermantasyonun etkisi ayni siitun iginde farkli harflerle ifade edilen farkliliklar dnemlidir (p<0.05)

Protein tayin limiti (LOD): 0.05 g/100 g; Yag tayin limiti (LOD): 0.01 g/100 g.

Siyah ve yesil ¢ay kullanilarak Uretilen kombu gaylarinin seker bilesenleri Cizelge 2’ de verilmistir.
Fermantasyonun, hem siyah hem yesil gayda kullanilan toplam seker miktarini azalttigi tespit edilmigtir.
Kombu c¢ayi starter mikrobiyotasi sekeri etkin kullanmistir. Fermantasyon o6ncesi c¢aylardaki seker
miktarindaki degisim analiz slresinde olasi enzimatik aktiviteden kaynaklanmistir (Rechner et al., 2004;
Jakubczyk et al., 2020). Fermantasyon sirecinde c¢esitli karbon kaynaklari kullaniminin seker tiketim
miktari Uzerinde 6énemli bir etkisi vardir (p<0.05). Siyah gaydan Uretilen kombu ¢ayinda glukoz, fruktoz ve
sakaroz 7 gun olan fermantasyon suresince mikrobiyota tarafindan tamamen kullaniimigtir. Yesil ¢cayin
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fermantasyonu stresince de sekerlerin kullanimi olmasina karsin yesil ¢gaydan Uretilen kombu g¢ayinda
onemli miktarda glukoz, fruktoz ve sakaroz tespit edilmistir. Yesil caydan kombu cayi Uretiminde
fermantasyon suresinin uzatilmasi énemli olabilir. Siyah ¢ay bilesenlerinin mikrobiyota Gzerindeki etkisi bu
noktada ¢ok 6nemlidir. Fermantasyonun basarili bir sekilde gerceklesmesi yalnizca seker kaynagina
bagimh degildir, ayni zamanda siyah c¢ayda bulunan biyoaktif bilesenlerin de fermantasyonun
gerceklesmesi icin 6nemli oldugu distunulmustir (Wu et al., 2021). Kombu ¢ay! starterinin en iyi glukoz
ve sakaroz sekerini kullandigi dnceki ¢alismalarda belirtiimistir (MalbaSa et al., 2008; Villarreal-Soto et al.,
2018; Watawana et al., 2015). Jayabalan et al. (2010), siyah cay kombu starterinin 21 giin siren
fermantasyon slirecinde glukozun, fruktoza oranla daha hizli kullanildigini belirtmiglerdir.

Cizelge 2. Kombu gaylarinin seker bilesenleri (g/L)

Table 2. Sugar components of kombucha teas (g/L)

Ornek Glukoz Fruktoz Sakaroz
SYC 5.17+0.025™ 2.54+0.01"° 9.78 +0.29"

SKOM _Bb _Bb _Bb
YEC 1.99+0.01%" 2.03+0.045" 11.24+0.05"

YKOM 1.65 +0.04% 1.99+0.01% 9.60+0.02%

SYC: Seker ilave edilmis siyah ¢gay, SKOM: Siyah c¢ay ile uretilen kombu gayi, YEC: Seker ilave edilmis yesil gay, YKOM: Yesil cay
ile Uretilen kombu cay!

ab: Ayni stitunda farkli harflerle ifade edilen siyah ve yesil gay érneklerinde farkliliklar dnemlidir (p<0.05)
AB: Siyah ve yesil cay drneklerinde fermantasyonun etkisi ayni siitun icinde farkli harflerle ifade edilen farkliliklar nemlidir (P<0.05)
Laktoz, maltoz ve ksiloz i¢in tayin limiti (LOD): 0.05 g/L.

Fermantasyon slresince sakaroz monomerlerine pargalandiktan sonra kombu cayi starter
icerigindeki mikrobiyota tarafindan kullaniimis ve bagslica asetik asit olmak Uzere organik asitlerin miktari
artmigtir. Genel olarak, fermantasyon sirasinda fruktoz igeriginin sakarozdan daha digik olmasi, maya
hicreleri tarafindan karbon kaynagi olarak fruktozun tercih edildigini diistindirmektedir (Jayabalan et al.,
2010; Neffe-Skocinska et al., 2017). Siyah ve yesil ¢cay ornekleri ile fermantasyonu tamamlanmis kombu
¢ayi orneklerinde organik asit profili Cizelge 3’ de verilmistir.

Cizelge 3. Kombu gaylarinin organik asit profili (mg/L)

Table 3. Organic acid profiles of kombucha teas (mg/L)

Ornek Asetik asit Okzalik asit Sitrik asit Siiksinik asit
SYC Ba 168.3 +3.8™ 110.5+6.8* 540.1+21.1%

SKOM 5001.2+4.2 7.3+1.5% 49.9+4.3% 256.2+2.7%
YEC - Ba 36.4+2.9% 25.6+0.3" 70.1+4.0"

YKOM 118.1+0.3% 6.6+0.2°%° 20.8+0.8% 56.8+1.2%°

SYGC: Seker ilave edilmis siyah ¢gay, SKOM: Siyah c¢ay ile Uretilen kombu cayi, YEC: Seker ilave edilmis yesil cay, YKOM: Yesil cay
ile Uretilen kombu gayi

ab: Ayni stitunda farkli harflerle ifade edilen siyah ve yesil gay érneklerinde farkliliklar dnemlidir (p<0.05)
AB. Siyah ve yesil gay 6rneklerinde fermantasyonun etkisi ayni siitun icinde farkli harflerle ifade edilen farkliliklar dnemlidir (p<0.05)
Laktik asit tayin limiti (LOD): 0.25 mg/L

Hem siyah hem de yesil cay ile uUretilen iceceklerde asetik asit miktari fermantasyona bagli olarak
onemli diizeyde artmistir (p<0.05). En belirgin artis ise fermantasyonu tamamlanan Griinde 5001 g/L olarak
belirlenen siyah ¢aydan Uretilen kombu ¢ayinda oldugu tespit edilmistir (p<0.05). Yesil caydan Uretilen kombu
cayinda asetik asit tretimi 118 g/L olarak gergeklesmistir; siyah caya gore ¢ok daha sinirl bir Gretim oldugu
belirgindir. Ayni miktarda ve ayni kékende kombu gayi starteri kullaniimasina karsin, kullanilan gayin gesidi
fermantasyonu 6nemli diizeyde etkilemistir. Ayrica siyah ve yesil gayin organik asit profilinde genetik, yetisme
kosullari (iklim, cografi konumu, yiksekligi, sicaklik ve topragin yapisi gibi), hasat zamani ve kosullarina,
depolama sartlarina gére degisim mimktndir (Oliveira et al., 2008). Mikrobiyal metabolizmada énemli gérevi
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olan okzalik asit ve sitrik asit miktarlari da siyah ¢ay fermantasyonunda daha etkin kullanildigi Cizelge 3’te
belirgin olarak anlagiimaktadir. Okzalik asit ve sitrik asit yesil ¢cay fermantasyonunda da kullaniimis ve
azalmis ancak siyah caya gore oransal olarak daha dislk diizeyde kalmistir. Stksinik asit miktari siyah
caydan duretilen kombu cayinda %47, yesil caydan uretilen kombu c¢ayinda %81 oraninda azalmistir.
Jayabalan et al. (2007), calismada Kombu fermantasyonu siyah ¢ay, yesil cay ve gay atigi icin uygulanmistir.
Orneklerin fermantasyon siirecinde elde edilen organik asit profilleri incelenmis ve 0. giin drneklerinde laktik
asit degisiminin dizenli olmadidi, ancak fermantasyonun laktik asit igerigine olumlu etkisi tespit edilmistir.
Asetik asit bakterileri mayalarin Urettigi etanoll kullandigindan, asetik asit icerigi zamanla artmistir.

Siyah ve yesil ¢ay ornekleriyle, fermantasyonu tamamlanan kombu caylari 6rneklerinde renk
bulgulari Cizelge 4’de verilmistir. Siyah caya gore, siyah caydan Uretilen kombu gayinda 6rneklerin
renginde agilma gergeklesmistir (p<0.05). Fermantasyon sonunda, siyah ¢ay ile Uretilen kombu ¢aylarinin
kirmizihik-yesillik degeri artmis, ancak yesil caydan Uretilen kombu gaylarinda a* dederinde azalma s6z
konusudur. Fermantasyona bagli olarak siyah ve yesil caydan dretilen iki 6rnekte de b* degeri 6nemli
Olgiide artmistir (P<0.05). Renk, kalite ve uygunluk agisindan igecekler igin 6nemli bir parametredir.
Calismada elde edilen renk verileri, Griinlerin duyusal kabul edilebilirligi ile iligkilidir. Ozellikle antosiyanin
icerigi, érneklerin rengini dnemli olciide etkilemektedir. Ayrica fermantasyon sirecinde renk &zellikleri
etkilenmektedir. Caydaki ¢esitli fitokimyasallar, bakteriler ve mayalar tarafindan serbest birakilan enzimler
tarafindan biyotransformasyona ugramaktadir. Yapilan ¢alismada, kombu ¢aylarindaki renk degisiminin,
polifenollerin mikrobiyal donlisiiminin bir sonucu oldudu disindlmektedir (Watawana et al., 2017).

Cizelge 4. Kombu gaylarinin renk degerleri

Table 4. Color attributes of kombucha teas

Ornek L* a* b* AE
SYC 16.93+0.04%®  0.18+0.01%®  0.055+0.005%" 0.96
SKOM 17.47+0.01"°  0.39+0.01" 0.815+0.005™ 17.49
YEC 17.40+0.05%*  0.17+0.02% 0.885+0.005" 0.31

YKOM 17.55+0.01**  0.15+0.01%° 0.615+0.005"" 17.56

SYC: Seker ilave edilmis siyah ¢gay, SKOM: Siyah c¢ay ile uretilen kombu gayi, YEC: Seker ilave edilmis yesil gay, YKOM: Yesil cay
ile Uretilen kombu cay!
ab: Ayni stitunda farkli harflerle ifade edilen siyah ve yesil gay érneklerinde farkliliklar dnemlidir (p<0.05)
AB: Siyah ve yesil cay drneklerinde fermantasyonun etkisi ayni siitun iginde farkli harflerle ifade edilen farkliliklar dnemlidir (P<0.05).
Siyah ve yesil gay ile Uretilen Kombu ¢aylarinin renk, gérinus, koku, kivam, lezzet, eksilik/tathhk ve

genel begdeniye yonelik duyusal dzellikleri Sekil 1’de gosterilmektedir.

e SK OM K OM

Genel begeni Goriinis

Tathhk

Koku

Eksilik Kivam

Lezzet

Sekil 1. Kombu caylarinin duyusal degerlendiriimesi.
Figure 1. Sensory evaluation of kombucha teas.
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Kombu ¢ay érneklerinin aroma 6zellikleri degerlendirildiginde, koku (9.14), lezzet (8.71) ve genel
begeni (8.86) acisindan en begenilen ¢ay 6rneklerinin siyah cay ile hazirlanan kombu ¢ayi oldugu tespit
edilmistir (p<0.05). Orneklerin tatlilik agisindan degerlendiriimesinde, yesil cay ile hazirlanan kombu gayi
(8.43) daha yuksek puana sahiptir; seker analizi bulgularindan da yesil caydan Uretilen kombu ¢ayinda
seker miktarinin daha yuksek oldugu tespit edilmistir. Eksilik agisindan da siyah caydan uretilen kombu
cayl (9.14) yiksek skor almistir; organik asit profil bulgularinda yuksek asetik asit miktariyla uyumludur.
Genel begenilirlik agisindan tim gay érnekleri begenilerek tiketilmistir.

SONUC

Ulkemizde bugiine kadar gok fazla taninmayan, Kombu cayi Uretiminde kullanilan gay gesidinin
fermantasyon ve dolayisiyla duyusal 6zellikler Gzerine etkileri tespit edilmistir. Fermantasyon sirecinin ve
cesitli substrat ortamlarinin organik asit profilini ve seker bilesenlerinin degisiminde etkili oldugu
belirlenmistir. Bunun baslica nedeni siyah gayda yesil caya gore, kombu c¢ayl fermantasyonu gelisimi igin
gerekli olan yilksek nitrojen kaynaklarina sahip kafein, teofilin gibi purin tlrevlerinin bulunmasidir. Bu
¢alisma bulgularina gére; Kombu cayinin gesitli tiketim segeneklerine bagli olarak daha genis kitlelere
ulasacagi ve alternatif bir gida Urtinl olarak yeni Uretim yaklasimlarinin gelistirimesine katki saglayabilecegi
beklenmektedir. Avrupa Birligi Ulkeleri g6z 6nline alinirsa ¢ay Ureten tek Ulkenin Turkiye olmasi ve degisen
cay tlketim aligkanliklarina alternatif olabilecek, fermantasyonla saglik 6zellikleri artirilabilecek bir Griin olan
kombu cayinin 6zelliklerinin arastiriimasi 6nem arz etmektedir. Bu arastirma bulgularinin kombu ¢ayi tGretim
teknolojisine katki saglayacagi dustniimektedir.

TESEKKUR

Danem Sit ve Sit Uriinleri Ltd. Sti.’ne KombuDanem ve laboratuvar altyapi destegi igin tesekkur
ederim.
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0z
Amagc: Calismanin ana amaci; Ankara kent vadilerinin vadi sistemlerinin
belirlenerek bu sistemlerin peyzaj degisim surecinin agiklanmasi ve vadilerin

yaklasimlari kapsaminda arastiriimasidir.

Materyal ve YoOntem: Calisma, Ankara kent vadilerinin o6zelliklerinin
belirlenmesini, peyzaj degisiminin Uzaktan Algilama CBS teknikleri araciliiyla
analizini ve elde edilen vadi 6zniteliklerine dayanarak, vadiler igin yesil altyapi
rehberinin gelistiriimesini kapsamaktadir.

Arastirma Bulgulari: Ana kentsel cekirdekte kentsel dokunun artmasi vadi
sistemi Uzerinde baski olusturarak arazi degeri artisina ve nifus baskisina
neden olmustur. Kent planlari koruma amaci tagsimasina karsin bu amag
uygulamaya yansitilamamis bunun sonucunda vadilerin dog@al niteligini tahribata
ugramistir.

Sonug: Ankara kent vadi sistemlerinin ekolojik islevlerini geri kazanmak igin
yesil altyapi uygulamalari ile desteklenmesi gerekmektedir. Vadilerin ekolojik ag
olusturma olanaklarina dayanarak yesil altyapi rehberi 6nerilmistir.

ABSTRACT

Objective: The main objective of the study is to identify the valley systems of
Ankara city valleys, to explain the landscape change process of these systems
and to investigate the possibilities of valleys to improve the ecology of the city
within the scope of ecosystem services and green infrastructure approaches.

Material and Methods: The study covers the identification of the
characteristics of Ankara urban valleys, the analysis of landscape change
through Remote Sensing GIS techniques, and the development of a green
infrastructure guide for valleys based on the valley attributes obtained.

Results: The increase in the urban fabric within the main urban core has put
pressure on the valley system, leading to an increase in land value and
population pressure. Although urban plans aim for conservation, this aim has
not been reflected in practice, resulting in the destruction of the natural quality
of the valleys.

Conclusion: Ankara's urban valley systems need to be supported with green
infrastructure practices to restore their ecological functions. Based on the
ecological networking possibilities of the valleys, a green infrastructure guide is
proposed.
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GiRIiS

Antroposen olarak bilinen mevcut ¢ag, insan faaliyetlerinin Dinya'nin biyofiziksel yapisi Gzerindeki
derin etkisi ile karakterize edilmektedir (Crutzen, 1998; Arcidiacono & Ronchi, 2021). Antroposen ¢agi,
dunyadaki cevresel ve ekolojik krizlerin birincil itici glici olarak kabul edilmektedir (UN, 2019a). Nufus
artisi ve kentlesme oranlari, Antroposen ¢aginin dnemli itici glgleri olarak ortaya ¢gikmis ve bu gevresel
krizlere yol agmistir. Birlesmis Milletler'e goére (UN, 2019b), kiiresel nifusun 2020 yilinda 7,7 milyara, 2050
yilinda 10 milyara ve 2100 yilinda 12,6 milyara ulasacagi ongorilmektedir. Su anda diinya nifusunun
yarisindan fazlasini (2022'de %50,7) barindiran kentsel alanlar, gezegen ylzeyinin yalnizca %Z2'sini
kaplamakla birlikte kiresel karbon emisyonlarinin %75'inden, kiresel enerji tiketiminin %60-80'inden ve
su kullaniminin %60'indan sorumludur (BM, 2015).

2050 yilina kadar dinya nifusunun %68,4'Unin sehirlerde ikamet edecegi ve toplamda 6,3 milyar
kent sakininin olacagi tahmin edilmektedir (Grunewald et al., 2018). Bu hizli kentlesme, 6ngorilen kentsel
nufus artisini kargilamak igin kentsel alanlarin kapladigi yizolgimuanun ¢ katina gikmasini gerektirecektir
(Grunewald et al, 2018). Bu nedenle, kentsel nlfusun tiketim oranlarinin daha da artmasi
beklenmektedir. Artan kentlesme oranlari, kiresel degisimin belirgin bir belirtisi ve kiresel cevresel
dénldsUmlerin 6énemli bir itici glcu haline gelmistir (Grunewald et al., 2018). Turkiye'de de kentlesme
oranlari artmakta olup, kentli nifus 1984 yilinda %50'yi asmis ve 2022 yilinda %77'ye ulagsmistir.
Projeksiyonlar, Tirkiye'deki kentsel nifusun artmaya devam ederek 2030 yilinda %80,2'ye, 2040 yilinda
%83,4'e ve 2050 yilinda %86'ya ulasacagini gostermektedir (BM, 2018).

Kentlesme yalnizca demografik, ekonomik ve sosyal yonleri etkilemekle kalmayip, ayni zamanda
kentsel ekosistemler lzerinde de ©Onemli etkilere sahiptir (Duraiappah et al.,, 2005; UNDP, 2012;
Grunewald et al., 2018). Kentsel nifusun faaliyetleri ve ihtiyaglari, kentsel ekosistemler i¢indeki dogal ve
yari dogal ortamlar Uzerinde muazzam bir baski olusturarak, ekosistem islevlerinin ve hizmetlerinin
bozulmasina yol agmaktadir. Seto & Reenberg (2013), kentsel arazi genislemesinin siklikla biyogesitlilik
sicak noktalarinin yakininda gergeklestigini ve artan kentsel nufusun kentsel alanlarin fiziksel
genislemesini yogunlastirdidini 6ne sirmektedir. Kentsel alanlarin geniglemesi kentsel 1si adasi etkisine
katkida bulunmakta, yerel ve bdlgesel iklimleri degistirmekte, su koridorlarini bozmakta, insaat ve enerji
amacli dogal kaynak kullanimini artirmakta ve tarimsal verimlili§i engelleyerek habitat kaybina, biyolojik
cesitliligin azalmasina ve ekosistem hizmetlerinin (EH) azalmasina neden olmaktadir.

Kentlesmenin etkilerine yanit verme ve iklim degisikliginin sonuglarini hafifletme stratejilerinde
dogaya dayali ¢ézimler son yillarda ivme kazanmigtir. Avrupa Komisyonu tarafindan AB Biyogesitlilik
Stratejisi ve Yesil Altyapi Stratejisi dogrultusunda baglatilan EnRoute bu projelerden biridir. EnRoute,
kentsel ekosistemlerin kentsel planlamadaki roli hakkinda bilimsel bilgi saglamayi, kentsel yesil altyapinin
(KYA) uygulanmasini desteklemeyi ve KYA'nin olugturulmasi, ydnetimi ve yonetisimi konusunda rehberlik
sunmayi amaglamaktadir (Oppla, 2022). Birlesmis Milletler (BM) Sardirdlebilir Kalkinma Hedefleri ile
uyumlu bu tur projeler ve yaklasimlar, iklim degisikligi, kiiresel isinma ve biyolojik gesitlilik kaybi gibi
kiresel zorluklara karsi kentsel dayaniklihdi artirmaylr amaglamaktadir. Doga temelli ¢ézimler, kentsel
surdurilebilirlik alaninda farkh 6lgeklerde uygulanabilen ekosistem hizmetleri, yesil altyapi, mavi altyapi,
peyzaj altyapisi, surdurulebilir altyapi, ekolojik tasarim, kentsel metabolizma ve ekolojik ayak izi gibi ¢egitli
yaklagimlari kapsamaktadir. Ekoloji temelli bu yaklasimlar, insan ve gevre arasindaki iliskiyi gelistirme
potansiyeline sahiptir (Forman, 2008). Son yillarda, ekosistem hizmetleri (EH) yaklagimi, farkli 6lgeklere
uyarlanabilirligi nedeniyle, kentsel planlama ¢alismalarinda énem kazanmigstir. EH yaklasimiyla uyumlu ve
farkli dlgeklere uyarlanabilen degerli bir teknik de yesil altyapi uygulamasidir. Doga temelli bir ¢6zim
olarak yesil altyapi, hem bilimsel hem de politik alanda kentsel strdurdlebilirlik ve dayanikhlik igin kritik bir
kavram olarak ortaya ¢ikmistir. Avrupa Birligi yesil altyapiyi, cesitli ekosistem hizmetleri saglamak Uzere
tasarlanmis ve stratejik olarak yonetilen peyzajlardan olusan bir ag olarak tanimlamaktadir. Yesil altyapi
dogal ve yari dogal alanlari kapsamakta ve stratejik planlarla yonetilmektedir (Zulian et al., 2021). Onemli
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yari dodal ekosistemlerden biri olan vadi sistemleri, kentsel yesil altyapinin olusturulmasinda hayati bir rol
oynamaktadir. Vadi sistemlerinin peyzaj degisikligine, arazi kullanim degisikligine ve iklim degisikliginin
etkilerine verdigi tepkinin degerlendiriimesi, su kaynaklarinin etkin yonetimi ve ekosistem hizmetlerinin
saglanmasi icin gereklidir (Stevenson & Sabater, 2010).

Akarsular, vadi sistemleri icerisinde dnemli bir bilesen olusturmakta ve peyzaj karakterini énemli
Olcide sekillendirmektedir. Bununla birlikte, peyzaj degisikliklerinden de derinden etkilenmektedirler.
Akarsu ekosistemleri, karasal peyzajlarda dogrusal 6zelliklerden daha fazlasidir; yerel ekolojik éruntileri
anlamak icin kritik cerceveler olarak hizmet etmektedirler (Thorp et al., 2008). Akarsular, asagdi yénde
enerji ve materyal tasinmasini kolaylastiran ve o6ngdrulebilir ekolojik kosullara neden olan baglantil
ekosistemlerdir (Vannote et al., 1980). Dolayisiyla, akarsular yliksek biyolojik ¢esitlilik barindirmakta ve
cesitli baskilara kargi hassastirlar. Ancak, akarsular arazi kullanim faktérleri ve iklim degisikliginin olumsuz
etkilerine kargi en savunmasiz ekosistemler arasindadir. Tarimsal alanlarda gubre kullanimi, nifus artisi,
kentsel genigleme, gida Uretimi, ulagim ihtiyaclari, hidroelektrik santralleri, tagskin kontrolti ve su kullanimi
gibi faktérler akarsular tzerinde dnemli kiiresel baskilar olusturmaktadir (Oki & Kanae, 2006). insan
intiyaclari tarafindan yoénlendirilen arazi kullanim degisiklikleri genellikle akarsu hidrolojisini, mevcut
habitatlari, besin girdilerini ve tir gesitliligini goéz ardi etmektedir (Stevenson & Sabater, 2010). Akarsular,
biyojeokimyasal déngllerin diizenlenmesi, igme suyu temini, endustriyel ve sulama suyu temini, gida
uretimi ve estetik ve kultirel deneyimler dahil olmak Uzere insanlara dogrudan fayda saglamaktadir. Bu
nedenle, akarsular ekosistem hizmetlerinin saglanmasi icgin kritik aglar olarak kabul edilmektedir.

Bu calisma, kentsel buyimenin genisleme egiliminin yiksek biyogesitlilik dederine sahip alanlari
hedef aldigi hipotezine dayanmaktadir. Kentsel ekosistemlerin korunmasi i¢in ki¢clk dlgekten blylk odlcege
uyarlanabilecek ekoloji temelli yaklasimlara duyulan ihtiyacin farkinda olan galisma, Ankara kent vadileri
olarak adlandirilan Ankara kentindeki vadi sistemlerine odaklanmaktadir. Calismanin temel amaci, Ankara
kent vadilerindeki degisim dinamiklerini incelemek ve ekosistem hizmetleri ve yesil altyapi yaklagimlari
araciligiyla kent ekolojisini iyilestirme potansiyellerini arastirmaktir. Calismanin 6zel hedefleri arasinda
Ankara kentsel vadi sisteminin tanimlanmasi ve karakterize edilmesi, peyzaj degisiminin bu vadi sistemleri
Uzerindeki etkilerinin agiklanmasi, peyzaj dedisiminin temel itici guglerinin degerlendiriimesi, kentsel vadi
sistemlerine dayali ekolojik aglarin gelistirimesinin 6nerilmesi ve ekolojik ag tabanh yesil altyapi rehberi
olusturulmasi yer almaktadir. Calisma, kartografik modeller araciligiyla, akarsu aglarinin vadi sistemi iginde
koruma igin avantajlar sunarken, ayni zamanda kentlesme ve insaat baskilarina kargi olduk¢a hassas
olduklarini ve vadi ekosistemlerinin sutrdurllebilirligi  igcin  zorluklar  olusturduklarini  gdstermeyi
amaglamaktadir. Bununla birlikte, kirsal ve kentsel baglamlari butlnlestiren ekolojik aglarla planlandigi ve
doga temelli ¢ozimlerle yonlendirildigi takdirde, akarsular ve vadi sistemleri kentsel ekosistemlerin
iyilegtiriimesinde énemli bir rol oynayabilir.

MATERYAL ve YONTEM
Materyal

Calisma alani: ic Anadolu Bolgesi'nde yer alan 900 m rakima 24.500 km? yiiz élgtimiine sahip olan
Ankara kentinde kentsel buyimenin etkisi ile kent ceperinde yer alan vadiler zamanla kentsel alan
icerisinde kalmistir. GUnumuze gelindiginde Ankara kentsel alani vadiler Uzerinde gelismistir. Bu
calismanin alanini 255,54 km? yiiz élglimiine sahip Ana Kentsel Cekirdek Alani (AKCA) (Cengiz, 2019)
olusturmaktadir. AKCA Altindag, Cankaya, Etimesgut, Kegidren, Mamak Sincan ve Yenimahalle ilgelerini
kapsamakta ve bu alan icerisinde 187 mabhalleyi kapsamakta ve 15 vadi sistemi bulunmaktadir.
AKCA’ndaki 15 vadi sisteminden 12,55 km? alan kaplayan sekiz (8) vadi (Ayvali Cay1 Vadisi, Cubuk Cayi
Vadisi, Dikmen Vadisi, Hatip Cayi Vadisi, imrahor Vadisi, incesu Vadisi, Karaagac Cay Vadisi ve
Turagipinari Cayi Vadisi) incelenmistir (Sekil 1).
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Sekil 1. Calisma alanin konumu.

Figure 1. Location of the study area.

Veri kaynaklari: Vadi sistemlerinde olugan arazi kullanimi/arazi 6rtist degisimi Sayisal Yukseklik
Modeli, uydu gérintileri, kent planlari ve kent politikalari; fiziksel ve sosyo-ekonomik degisim ise niifus

degisimi ve arazi degerleri degisimi araciligiyla degerlendirilmistir (Cizelge 1).

Cizelge 1. Verilerin 6zellikleri ve veri kaynaklari

Table 1. Data properties and data sources

Veri tiru Veri yili Amag Veri kaynagi
Landsat TM, ETM ve OLI uydu 1984-2001- | Vadi sistemlerindeki Arazi kullanimi ve arazi Cengiz. 2019
goruntileri 2018 ortiisti /AKAO degisiminin tespit edilmesi 9z,
Sayisal Yiikseklik Modeli (SYM- . L . . .
Digital Elevation Model-DEM) 2020 Vadilerin topografik niteliklerinin belirlenmesi | Cengiz, 2019
Kentsel planlama siirecine iligkin
planlar; Lorcher P., Jansen P., 1924, 1928, Plan kararlarinin vadileri degerlendirme Ankara BSB veri
Yicel-Uybadin P.,1990 Ankara 1957, 1990, aklasiminin saptanmasi 9 tabani, akademik
Nazim P., 2015 Yapisal P. 2023 2023 y s P calismalar ve raporlar
Nazim Imar P.

Plan kararlarinin uygulanmamasi ve yerel Mimarlar Odasi, Sehir
Planlarin uygulanmamasi ve N " LS .

s - yonetim politikalarinin vadiler tzerinde Plancilan O. ve Peyzaj

gecekodu etkisi L ; . )

gelistirdigi yapilagsma baskisinin belirlenmesi | Mimarlari O. raporlari
Niifus verisi 2000-2018 I;)em_ograﬂk dgg_|§_|m|n \_/ad| sistemi Turkiye Istatistik

Uzerindeki etkisinin belirlenmesi Kurumu
Arazi degeri 2007- 2020 Gelir Idaresi Bagkanligi

. o AU L . Cengiz, 2019 ve
Kentsel yesil alanlar, dogal alanlar, ve Glincel Ekolojik ag 6nermek ve yesil altyapi tasarim
< h . Ve Ankara BSB
yari dogal alanlar Nazim imar | kodlarini ve yesil altyapi rehberini belirlemek
Plani
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Yontem

Bu calismada, Ekosistem hizmetleri ve Yesil altyapi yaklasimlari ¢ercevesinde Ankara kent
vadilerinde degisim slreci ve vadilerin kentin ekolojisini iyilestirme olanaklari belirlenmektedir. Bu
kapsamda gergeklestiriien asamalar sunlardir: (I) Ankara vadi sistemlerinin morfometrik analizlerle
belirlenmesi ve 6rneklem vadilerin topografik 6zelliklerinin hesaplanmasi, (ll) Vadi peyzajlarinin zamansal
degisiminin tespit edilmesi, (lll) Vadi peyzajlarinin degisiminin ana faktorlerinin belirlenmesi ve (IV) Ankara
kent vadi sistemlerine yonelik ekolojik ag tabanl yesil altyapi rehberinin gelistiriimesi.

Vadi sisteminin morfometrik analizlerle belirlenmesi: Morfometrik analizler araciligiyla vadi
sinirlari ve vadi sisteminin topografik 6zellikleri belirlenmistir. Morfometrik analizler 30x 30 metre Sayisal
Yukseklik Modeli (SYM-Digital Elevation Model-DEM, 30 m ¢6zunarliklu) Gzerinden gerceklestiriimigtir.

Vadi sistemlerini belirlemek igin Topografik Konum indeksi (TPI) ve yari otomatik bir siniflandirma
teknigi kullaniimigtir. TPI, hicrelerin ve komsu hucrelerin yikseklik degerlerini kullanarak bir alanin yizey
sekillerini ve egimlerini siniflandiran ve standartlastiran bir ydntemdir. Pozitif TPI de@erleri tepeler ve daglar
gibi daha yiksek yikseltileri gosterirken, negatif degerler vadiler ve kanyonlar gibi daha disik yikseltileri
gosterir. Sifira yakin veya sifira yaklasan TPI dederleri, hlicreler ve komsulari arasinda minimum ylkseklik
ve egim farkliliklari olan dizlik ve plato yapilarini temsil eder (Weiss, 2001; Tagil & Jenness, 2008). Buna
gore 50 metreden kiglUk ve 450 metreden blylk komsuluga gére gore sirasiyla TPl degerinin standart
sapmanin negatif degerinden kiglk ve esit olan (TPI < -1 SD) ve standart sapmanin negatif degerinden
buyik ve esit olan (TPl = -1 SD) bdlgeler vadi olarak siniflandiriimistir (Cizelge 2). Ankara ana kentsel
cekirdek alani icerisinde bu siniflandirmaya goére, 15 vadi tespit edilmis ve arastirma kapsaminda en iyi
drneklem &zelligi gdsteren sekiz vadi incelenmistir. incelenen vadilerinin vadi uzunlugu, egim uzunlugu,
ortalama eg@imi, ortalama yiksekligi vb. gibi topografik 6zellikleri vadilerin 6z niteliklerine iglenmistir.

Cizelge 2. Yeryuzu bigimi siniflarinin ve egim konum siniflarinin agiklamalari (Weiss, 2001)

Table 2. Descriptions of landform classes and slope location classes (Weiss, 2001)

TPI ve Egim Kriterleri

Arazi Formu Siniflari 50 m den Kugik Komsuluk | Buyik Komsuluk 450 m- Egim Durumu-
- Komsuluk Komsuluk Konumu-Siniflamasi
Kanyonlar ve Derin Kesik Akarsular TPI<-1SD TPI2-1SD Vadi
Orta Egimli Drenaj Ve Sig Vadiler Tp1 < -1sd -1 Sd <Tpi<isd Diz Yizey
Yiiksek Arazi Drenajlari, Nehir TPl <-1SD TPI>1SD Orta Egim
Sulari
U Seklinde Vadiler-Ovalar -1 SD <TPI<1SD TPl <-1SD Tepeler
Ovalar -1 SD <TPI<1SD -1 SD <TPI<1SD

Vadi peyzajlarinin ¢ok zamanli degisimi: Vadi sistemlerinde arazi kullanimi ve arazi 6rtistnin
zamansal degisiminin belirlenmesinde Cengiz (2019) tarafindan uretilen 30 metre mekansal ¢6zinurlige
sahip 1984, 2000, 2018 vyillarina ait ve farkli diizey bilgileri igeren Arazi Kullanimi/Arazi Ortiisti (AKAO)
verileri ile arastirma kapsaminda incelenecek sekiz vadi sistemi karsilastirilarak vadi sistemlerindeki arazi
kullaniminin zamansal degisimi ortaya konulmustur. Bu asamada kullanilan arazi kullanimi/drtisi
verilerinin zamansal derinliginin belirlenmesindeki temel kriter, 30x30 m olan arastirma birim dlgegine
uygun en eski tarihli LANDSAT uydu goéruntisinin 1984 tarihli olmasidir. Ayrica arastirma alani olarak
secilen Ankara kentinde 1990 erimli Nazim imar Plan’nin sonuglarinin kentsel ekosistem (iizerindeki
etkisinin anlasilmasinda kullanilacak en eski tarihli uydu goérintisinin 1984 yilina ait olmasi nedeniyle bu
calisma kapsaminda zamansal baslangic 1984 yili olarak kabul edilmistir (Cengiz, 2019). Arastirma
kapsaminda kullanilan diger yillara ait uydu gérintileri ise 17 vyillik iterasyonlar ile secilerek vadi
sistemlerinde yasanan arazi kullanimi/6rtiisi degisimi ortaya konulmustur.
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Vadi sistemlerinin degisiminin ana faktérlerinin belirlenmesi: Ankara vadi sistemlerinde arazi
kullanimi ve arazi ortistindeki degisikliklere katkida bulunan faktérler politik, niifus degisimi ve ekonomik
faktorler géz 6niinde bulundurularak arastiriimistir. Kentsel planlar, nifus artigi ve arazi degeri bu ¢alismada
kilit faktorler olarak belirlenmistir.

Kentsel planlar: Ankara'da 1924-2023 yillari arasinda uygulanan Lércher Plani (1924), Jansen Plani
(1928), Yiicel-Uybadin Plani (1957), 1990 Ankara Nazim Plani, 2015 Yapisal Plani ve 2023 Nazim imar
Plani gibi gesitli kent planlari vadi sistemlerinin déntisimU Uzerindeki etkilerini anlamak igin incelenmigtir.
Akademik calismalar, Turk Mihendis ve Mimar Odalari Birligi'ne (TMMOB) bagh planlama temelli meslek
odalarinin raporlari ve basin biltenleri vadi sistemi donUsumlerinin siyasi yonlerine dair iggdri saglamak
amaciyla analiz edilmigtir.

Arazi degeri: Rant, arazi de@eri ve vadi ekosistemi arasindaki etkilesimin yani sira kalkinma
egilimlerinin vadi sistemleri (izerindeki etkisi, arazinin metrekaresi basina birim fiyatlar kullanilarak
degerlendirilmistir. Arazi degeri haritalar, Gelir idaresi Baskanhdi tarafindan 2007 ve 2020 vyillari icin
yayinlanan arazi metrekare birim fiyatlarinin (Gelir idaresi Bagkanligi, 2020) mahalle sinirlarina islenmesi ile
olusturulmustur.

Gecekondu bélgeleri: Vadi sistemlerinde gecekondulasma oranlari 2023 Nazim imar Planrda
belirlenen kentsel déntusum bdlgelerinin vadi sistemleri ile értstiriimUstir. Ardindan, gecekondulasma
orani her bir vadi sisteminin toplam yuzoélgimu ile ilgili vadinin sinirlar igerisindeki gecekondu alanlari
(kentsel donisim bodlgeleri) bolinmesiyle elde edilmistir. Belilenen gecekondulasma orani vadi
ozniteliklerine aktariimistir.

Niifus artisi: Ankara'nin kentsel ¢ekirdeginde yer alan 187 mahallenin 2000 ve 2018 yillarina ait
nifus verileri Adrese Dayali Niifus Kayit Sistemi'nden (TUIK, 2018) elde edilmistir. Bu veriler, niifus
degisiminin vadi ekosistemleri tzerindeki etkisini degerlendirmek i¢in kullaniimistir. Her mahallenin nifus
degisimi asagidaki formdl kullanilarak belirlenmistir:

Nd= (JNt2- Nt1[) *100/ Nt1

Formilde “Nd”, ndfus degisimini, “Nt1”, 2000 yilindaki nufusu ve “Nt2” 2018 yilindaki mahalle
ndfusunu ifade etmektedir. Elde edilen ve O ile 100 arasinda degisen degerler disik, yogun, orta yogun,
¢ok yogun ve asiri yogun olmak Uzere bes kategoride siniflandiriimistir (Cengiz vd., 2022).

Ankara'nin kentsel vadi sistemleri i¢in ekolojik ag tabanl yesil altyapi rehberinin geligtiriimesi

Bu asamanin gergeklestiriimesinde oncelikle, alana iligkin planlardan elde edilen korunan alanlar ve
parklar gibi alan statiilerinin vadi sistemlerine yakinligi Oklid mesafe analizi kullanilarak hesaplanmis ve elde
edilen mesafe verileri, bolgesel istatistik teknigi kullanilarak vadilerin 6zniteliklerine islenmistir. Ayrica, énceki
asamalarda elde edilen vadilerin topografik 6zellikleri, arazi kullanimi/arazi 6rtlisi kategorileri, nifus degisim
verileri ve arazi rant deg@erleri gibi bilgiler de vadilerin 6zniteliklerine aktariimistir. Vadi sistemlerinin 6z
nitelikleri dikkate alinarak, yesil altyapi yaklagiminin ¢ok islevlilik, baglanabilirlik ve entegrasyon ilkeleri
(Niemela & Breuste, 2011; Wickham et al., 2010; Benedict & McMahon, 2012) kapsaminda ekolojik ag
tabanli yesil altyapi rehberleri gelistiriimistir. Bu rehber, Avrupa Birligi'nin hava kalitesinin dizenlenmesi,
erozyonun onlenmesi, su akisinin dizenlenmesi, kiyilarin korunmasi, kirlilik, toprak kalitesi, su aritma ve
iklim dizenlemesi (Liquete et al., 2015) kriterleriyle uyumludur. Rehber, bu kriterlere dayali olarak ekosistem
hizmeti kategorilerini desteklemeyi amacglamaktadir.

ARASTIRMA BULGULARI
Ankara kent vadilerinin sistemlerinin topografik 6zellikleri

Vadilerin yizolgimleri, uzunluklari, ylkseklikleri ve egimleri birbirinden farklidir. Yilzey alani en
kiicik olan vadi 0,46 km? ile Karaagac¢ Cayi Vadisi, en buylk yuzey alanina sahip vadi ise 4,63 km? ile
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Hatip Cayi Vadisi'dir. Hatip Cay1 Vadisi (8,12 km) en uzun vadi; Ayvali Cayl Vadisi (2,49 km) en kisa
vadidir. Vadilerde Vadi duvari yiiksekligi biyiikten kiiciige dogru sirasiyla su sekildedir: imrahor Vadisi,
Dikmen Vadisi, Karaagac Cayi Vadisi, Hatip Cay Vadisi, Ayvali Cay Vadisi, Cubuk Cayi Vadisi, incesu
Deresi Vadisi ve Turagipinar Cay Vadisi’dir. Vadi egimleri %23,65 ile %11,31 arasinda degismektedir. En
yiksekten en diisiige dogru vadilerin egimleri sirasiyla Karaagag Cay! Vadisinde %23,65, imrahor
Vadisi'nde %22.44, Ayvali Cay! Vadisinde %19,26, Dikmen Vadisi'nde %18,53, incesu Deresi Vadisi'nde
%14,45, Turagipinar Cayl Vadisi'nde %13,48, Hatip Cayl Vadisi'nde %11,50 ve Cubuk Cay! Vadisi'nde
%11.31 dir (Cizelge 3).

Cizelge 3. Vadi sistemlerinin topografik 6zellikleri

Table 3. Topographical characteristics of valley systems

Vadi Adi Vadi Azlanl Vadi Uzunlugu Vadi Tabani-Tavan ) Va(?i“ Vadi“OrFaIama
(km?) (km) kotu (m) Yiksekligi (m) Egimi (%)
Ayvali Gay Vadisi 0,592 2,49 922-1045 123 19,26
Cubuk Gayi Vadisi 2,187 7,13 860-970 110 11,31
Dikmen Vadisi 0,479 3,09 972-1129 157 18,53
Hatip Gay! Vadisi 4,637 8,12 886-1019 133 11,50
imrahor Vadisi 1,434 5,87 937-1172 235 22,44
incesu Deresi Vadisi 1,474 5,03 866-968 102 14,45
Karaagag Gayi Vadisi 0,467 2,68 924-1059 135 23,65
Turagipinar Gay Vadisi 0,617 3,92 956-1018 62 13,48

Ankara kent vadilerinde ¢ok zamanli peyzaj degisimi

Ana kentsel cekirdekte yasanan peyzaj degisimi vadi sistemlerini dogrudan etkilemistir. Ana
kentsel ¢ekirdek icerisinde 1984- 2018 yillari arasindaki diizey 1 arazi kullanim degisimine gore, yapay
ylizeyler kategorisi 135,27 km*den 209,48 km? artis gdsterek %54,86 oraninda biiyiimustiir. Agik yesil
alanlar kategorisinde ise 1984 ile 2001 yillari arasinda 46,93 km®den 56,36 km® ulasarak yaklasik
olarak %20 artmis olmasina ragmen 2001 ve 2018 yillari arasinda 56,36 km”den 45,33 km®ye
gerilemistir. Bu gosterge aglk yesil alanlarin 1984 ve 2018 yillar1 arasindaki yaklasik 1,6 km? azaldigini
gOstermektedir. Tarim alanlari kategorisinde ise 1984 ve 2018 yillari arasinda 65,1 km>den 0,1 kmz’ye
azaldigi gozlenmistir. Bu gdsterge yapay yuzeyler kategorisinin ¢ogunlukla tarim alanlari Uzerinde
gelistigini gostermektedir (Sekil 2, Cizelge 4).

Ana kentsel cekirdek alanina iligkin dizey 2 analizleri incelendiginde, 1984 ve 2018 yillari
arasinda kentsel doku 115,64 km*den, 162,04 kmz’ye ulagarak yaklasik 1,4 kat, Uretim alanlari 7,65
km®den 29,17 km®ye ulasarak yaklasik 3,8 kat ve ulasim aglari 11,98 km”*den 18,27 km®ye ulasarak
1,52 kat blyimaustir. Bu blylime oranlari bir dnceki diizeye iliskin tarim alanlarinin yok olmasi verisiyle
birlikte degerlendirildijinde Ankara ana kentsel gekirdek icerisindeki ekonomik Uretim deseninin 1984
2018 yillari arasinda tarimsal Uretimden endustriyel Uretime gegtigini gdstermektedir. Dlzey 3 analizleri
incelendiginde AKCA’da 1984 ve 2018 yillari arasinda stirekli kentsel doku, endistriyel alanlar, yollar,
kentsel yesiller ve kent agaclari artarken, ac¢ik alanlar, kuru tarim alanlari, nadas tarim alanlari ve giplak
yuzeyler azalmistir. 1984 ile 2018 yillari arasinda ana kentsel ¢ekirdekte alani igerisindeki kesintili
kentsel dokunun surekli kentsel dokuya déntismesiyle sirekli kentsel doku kentsel dokuda baskin arazi
kullanimi olmustur. Bu yillar arasinda agik alanlar 28,194 km? azalirken kentsel yesil alanlar 18,41 km?
artmistir (Cizelge 4) .
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Figure 2. Multi-temporal land cover/land use change in the main urban core area and urban valleys.

Cizelge 4. Ana kentsel ¢ekirdek alaninda peyzaj degisimi

Table 4. Spatial change in land use categories in the main urban core area

Ana Kentsel Cekirdek 1984 2001 2018

Arazi Kullanimlari Alan (km® | Oran (%) Alan (km®) | Oran (%) | Alan (km® [ Oran (%)
Yapay ylizeyler/ Kentsel doku

Surekli kentsel doku 113,80 44,53 137,72 53,89 162,04 63,41

Kesintili kentsel doku 1,84 0,72 0,03 0,01 0 0
Yapay yiizeyler/ Uretim alanlari

Enddustriyel alanlar 7,50 2,93 19,05 7,455 29,17 11,41

Maden ve ingaat alanlari 0,15 0,05 0 0 0 0
Yapay yiizeyler/ Ulagim aglan

Havaalani 0 0 0,02 0,01 0,03 0,012

Yollar 11,98 4,69 16,05 6,28 18,24 7,1

Agcik ve yesil alanlar

Acik alanlar 31,83 12,45 26,34 10,30 3,63 1,42

Kentsel yesiller 8,86 3,46 17,86 6,99 27,27 10,67

Kent agaglari 6,24 2,44 12,16 4,75 14,43 5,64

Tarim alanlari

Kuru tarim alanlan 7,95 3,11 1,83 0,71 0 0

Nadas tarim alanlari 53,69 21,01 18,45 7,21 0,06 0,02

Sulu tarim alanlari 3,46 1,35 1,70 0,66 0,04 0,01

Seyrek vejetasyon alanlari
Ciplak yiizeyler 5,69 2,22 1,59 0,622 0,04 0,01
Orman alanlari 1,37 0,53 1,19 0,4 0,42 0,16
Orman alanlari
Cayir ve mera alanlari 0,83 0,32 1,36 0,53 0,58 0,22
Su ylzeyleri ve vejetasyonu

Su ylzeyleri 0,83 0,32 0,01 0 0 0

Akarsular 0,07 0,02 0,02 0 0 0

Islak alan vejetasyonu 0,20 0,07 0,102 0,040 0,001 0

Toplam 255,54 100 255,54 100 255,54 100
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Ankara ana kentsel cekirdekteki vadi sisteminin toplam alani 12,55 km? olup, ana kentsel cekirdek
alanin %4.91’ini olusturmaktadir. Ana kentsel ¢ekirdek alanindaki vadi sisteminin arazi ortisu arazi kullanimi
dizey 3 analizleri incelendiginde 1984 ile 2018 yillari arasinda surekli kentsel doku 5,76 km? den 8,08
kmz’ye ulasmis, 1,4 kat artarak 2018 yilinda en yiksek yuzoélgiimine sahip arazi kullanimi olmustur. Surekli
kentsel doku sinifinin artmasi ile birlikte yollar, kentsel yesiller, kent agaclari, maden ve ingaat sahalarinda
da artis gérulmektedir. 1984 2018 yillar arasinda agik alanlar ciddi bir azalma gérilmektedir. Acik alanlar
1,55 km®den 0,1017 km®ye duserek yaklasik olarak 15,5 kat azalmistir (Cizelge 5).

Cizelge 5. Ankara kent vadilerinde peyzaj degisimi

Table 5. Landscape change in Ankara urban valleys

Arazi kullammi/értiisii 1984 Ala2n 1984 | 2001 Alazn 2001 | 2018 Alazn 2018
(km") (%) (km°) (%) (km°) (%)

1.1.1.Surekli kentsel doku 5,7699 45,97 7,0902 56,49 8,0811 64,38
1.1.2.Kesintili kentsel doku 0,0009 0,01 0 0,00 0 0,00
1.2.1.Endustriyel alanlar 0,0153 0,12 0 0,00 0 0,00
;'azr;";'l':':de“ ve insaat 0,0000 0,00 0 0,00 0,0018 0,01
1.3.2.Yollar 1,1205 8,93 1,3914 11,08 1,4148 11,27
1.4.1.Acik alanlar 1,5543 12,38 1,1646 9,28 0,1017 0,81
1.4.2.Kentsel yesiller 0,9738 7,76 1,2204 9,72 1,8045 14,38
1.4.3.Kent agaglari 0,6111 4,87 1,1232 8,95 1,0089 8,04
2.1.Kuru tarim alanlan 0,0918 0,73 0,0162 0,13 0 0,00
2.2.Nadas tarim alanlari 1,2375 9,86 0,1476 1,18 0 0,00
2.3.Sulu tarim alanlari 0,1233 0,98 0,0018 0,01 0,0009 0,01
3.1Ciplak yuzeyler 0,3645 2,90 0,1125 0,90 0 0,00
3.2.0rman alanlari 0,3771 3,00 0,1017 0,81 0,1341 1,07
3.3Gayir ve mera alanlan 0,3042 2,42 0,18 1,43 0,0045 0,04
4.3.Islak alan vejetasyonu 0,0081 0,06 0,0027 0,02 0 0,00
Toplam vadi alanlari 12,5523 100,00 12,5523 100 12,5523 100,00

Ankara kent vadilerinin peyzaj degisimini yonlendiren faktorler

Kent Planlari: Loércher Planr’nda (1925-1932) kent igerisindeki derelere bagh olarak gelistilen
“ardisik yesil alan dizileri” fikri rekreasyon olanaklarini icermektedir. Jansen Plani’nda (1932-1957) acik
yesil alan sistemi icin Ankara Cayi, Bent Deresi, Cevizlidere, Hatip Cayi, incesu Deresi, Kavaklidere ve
Kirazlidere’nin korunmasi 6nerilmis ve vadi sistemlerinin rekreasyon alanlari ile entegrasyonu saglanmak
istenmistir. Yiicel Uybadin Planrnda (1957) incesu Deresi gevresinde olimpiyat kompleksi planlanmistir.
1990 Ankara Nazim Plan’nda AKCA’nin Dogu ve Kuzeydogu yodniinde adaclandirma alani onerilmistir.
Bu alanlarin yerlesim alani disinda tutulmasi fikrinin yani sira, ekolojik agidan énemli olan alanlarin
korunmasi icin yesil kusak fikri gelistiriimigtir. Plan’da Hatip Cayi Vadisi yesil aksin devami niteligindeki
tarim alani olarak korunmak istenmistir. 2015 Yapisal Plan Kararlar’'nda kent vadilerini iceren yesil
koridorlar gelistirilmigtir. Geligtirilen yesil koridorlari kapsayan yesil kusak, kent icin 6nemli bir hava
koridoru olarak tanimlanmistir. 2025 planlama ¢alismalarinda yesil alanlarin bir bitini olusturacak sekilde
degerlendiriimesi gerektigi belirtilerek; kirsal alanlarin, tarim alanlarinin ve dogal sit alanlarinin korunmasi
egilimi agirlik kazanmistir. Ancak, kent planlarinda vadi sistemlerine yonelik koruma tabanl fikirler plan
sinirlarinda kalan vadi sistemlerinde bile basariya ulasmamistir. S6zi gecen planlarda vadi sistemlerini
korumak igin geligtirilen yesil alan sistemi fikri vadi sistemini koruma c¢abasi icermesine ragmen plan
kararlari uygulamaya yansimadi§i vadi sistemindeki AKAO degisiminden anlagiimaktadir. Ote taraftan
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planlarda gelistirilen vadi sistemine dayanan acik yesil alan sistemi ve yesil kusak Onerileri vadi
ceperlerinde kentlesme baskisini beslemistir. Vadi sistemini koruma kararlari gecgersiz hale gelerek,
vadiler kentsel rantin odak alanlarina dontismustur.

2023 Nazim imar Plani (NIP) kararlarinda kentsel agik yesil alan sisteminin korunmasi konusunda
daha kapsamli énlemlerin alinmasi gerektigi belirtiimistir. Bu kapsamda atil vaziyetteki acik yesil alanlarin
iyilestirilmesi ¢abalari s6z konusudur. Vadilerin ve akarsularin ekolojik 6zelliklerine zarar verilmemesi, vadi
ve akarsu sistemlerinin bltincil bir yaklasimla ele alinmasi gerektigi vurgulanmaktadir. Kentin hava
koridoru olma 6zelligi tasiyan vadi sistemlerinin ve akarsularin kentsel baskilardan uzak tutulmasi
gerekliligi vurgulanmistir (Ankara Bulyuksehir Belediyesi, 2019). TMMOB’una bagli planlama temelli
meslek odalari (Mimarlar Odasi, Peyzaj Mimarlari Odasi ve Sehir Plancilari Odasi) raporlari ve basin
bildirilerine goére, (Sehir Plancilari Odasi, 2021; Mimarlar Odasi, 2020; Peyzaj Mimarlari Odasi, 2006)
Ankara’da planlarin uygulanmasinda zorluklar oldugu ifade edimektedir. Ornegin; Ankara yer alti
ulasimini saglamak icin yapilan metro hatlarinin akarsu ve dereleri dikkate almadidi ve bu nedenle
Sokullu ve Dikmen derelerinin birlesim nokrasinda ¢dkmeler oldugu acgiklanmistir (Anonymous, 2012).
Akarsu ve dereler kanal igine alinarak akis yonleri degistiriimis ve yaklasik 100 mevsimsel derenin zeri
kapatilarak yok edilmistir. Bu uygulamalar Ankara akarsu sisteminin yok olmasina, kentte isi artisina,
alivyal agidan zengin topraklarin tikenmesine, ¢okmelerin yasanmasina ve ekosistemin bozulmasina
neden olmaktadir (Anonymous, 2019).

Arazi degeri: 2007 yilinda en yiiksek arazi degerleri Dikmen Vadisi, imrahor Vadisi ve Karaagag
Cayi Vadisi'nde gergeklesmistir. 2020 yilinda en ylksek arazi degeri Ayvali Cayi Vadisi, Dikmen Vadisi,
imrahor Vadisi, Karaaga¢ Cayi Vadisi'nde gériilmektedir. AKCA'nda arazi degeri Kuzey ve Giineydogu
yonlindeki mahallelerde ylksektir. Arazi degeri degisiminin en yogun oldugu vadiler sunlardir: Ayvah Cayi
Vadisi, Cubuk Cayi Vadisi, Hatip Cayi Vadisi ve Turagipinar Cayl Vadisi'dir. Dikmen Vadisi, imrahor
Vadisi, Karaagac¢ Cay! Vadisi'nde arazi rant degerinin 2007 yilindan 6énce yikseldigi icin bu vadilerde
yapilasma yogundur (Sekil 3).
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Sekil 3. Arazi degeri degisimi.

Figure3. Land value change.
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Gecekondulagsma ile olusan yapilagsma: Kent planlarinda gelistirilen vadi koruma kararlarina
ragmen gecekondular vadi lizerinde énemli bir yapilasma baskisi olusturmustur. incesu D. Vadisi’nin toplam
alaninin %45,44°G, Dikmen Vadisi’'nin toplam alaninin %37,89'u, Hatip C. Vadisi’'nin toplam alaninin
%33,85'i, Karaagag C. Vadisi'nin toplam alaninin %20,29'u, imrahor Vadisi'nin toplam alaninin %15,342’(i ve
Tura@inpinar ¢. Vadisi’'nin toplam alaninin %0,69’'u gecekondu alanlarindan olusmaktadir (Cizelge 6).
Gecekondu yapilagsmasi sonraki yillarda yerini kentsel dénisime birakmis ve vadiler Gzerindeki yapilagsma
baskisi daha da artmigtir.

Cizelge 6. Vadi sisteminde gecekondu alanlari

Table 6. Slum areas in the valley system

Vadi Adi Vadi Alani (km? | Gecekondu Alani (km?) | Gecekondu Orani (%)
Ayvali Cayi Vadisi 0,592 0 0

Cubuk Gayi Vadisi 2,187 0 0

Dikmen Vadisi 0,479 0,18 37,89

Hatip Gayi Vadisi 4,637 1,57 33,85
imrahor Vadisi 1,434 0,22 15,34

incesu Deresi Vadisi 1,474 0,67 45,44
Karaagac Cay Vadisi 0,467 0,09 20,29
Turagipinar Gay Vadisi 0,617 0 0,69

Nifus degisimi: AKCA icerisinde kalan mahallelerin (187 mahalle) 2000 yilinda nifusu 1.777.061
iken 2018'de 2.168.666 kisiye ulasmistir Nifus artisinin yasanmasi ve kentlesmenin devam etmesi vadi
sistemlerinde ve yakin g¢evresinde arazi degerinin ylikselmesine neden olmustur. Cubuk Cayl Vadisi ve
Tura@ipinar Cayi Vadisi'nin yer aldigi bolgelerde nifus yodunlugu 2000 yilinda yiksek iken, Dikmen
Vadisi, Hatip Cayi Vadisi, incesu Deresi Vadisi, Karaaja¢ Cayi Vadisinin yer aldigi bélgede niifus
disUktdr. Nifus yogunlugu disiik olan vadilerin zamansal olarak gecekondu baskisina maruz kaldigi
gorulmektedir. Gecekondu alanlarinin kentsel dénisim araciligiyla yeniden yapilanmasi bu bdlgelerde
nifus artisina neden olmustur. 2000 ve 2018 yillar arasinda Ankara kentinin Glney ve Giineybati
yonlerine gére Kuzey yoninde nifus artisinin daha yilksek oldugu gorilmektedir. S6z konusu nufus
artisindan Ayvali Cayr Vadisi ile Cubuk Cayi Vadisi'nin Giiney ve Kuzey yamaglari, incesu Deresi
Vadisi'nin Kuzeydodu yamaglari, Hatip Cayl Vadisi’'nin Kuzey yamaclari ve Dikmen Vadisi’nin Glney
yamaglari etkilenmistir (Sekil 4).
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Sekil 4. Nifus yogunlug

unun degisimi.

Figure 4. Change in population density.

483



GoOrmdas vd.

Ankara'nin kentsel vadi sistemleri icin ekolojik ag olanaklarinin belirlenmesi

Ankara AKCA vadi sistemlerinin ekolojik karaktere sahip alanlarla yakinlik iligkisi incelendiginde
(Cizelge 7; Sekil 5) vadilerin yakinlik mesafesi agik alanlara 83-14 m; tarim alanlarina 2313-479 m;
seyrek vejetasyon alanlarina 1883-58 m; orman alanlarina 2830-671 m; su ylzeyleri ve vejetasyon
alanlarina 3751-1452 m ve korunan alanlara 7210-198 m arasinda degismektedir.

Cizelge 7. Vadi sisteminin ekolojik karaktere sahip alanlarla uzaklik iligkisi

Table 7. Distance relationship of the valley system to areas with ecological character

Acik ve Seyrek . .
. Tarim - Su yuzeyleri ve Korunan
yesil vejetasyon Orman .
Vadi Adi alanlar alanlan alanlan alanlan vejetasyon alanlari alanlar
) (m) ™) (m) (m)
Ayvali G. Vadisi 80 2205 1883 2151 3688 6096
Cubuk C.Vadisi 37 1031 670 694 2642 7210
Dikmen Vadisi 75 479 208 124 1452 198
Hatip C. Vadisi 65 712 672 1377 1696 4327
imrahor Vadisi 14 1956 1567 671 3051 1240
incesu D. Vadisi 83 2249 1035 1106 3751 1951
Karaagag C. Vadisi 37 1350 712 701 2072 795
Turagipinar G. Vadisi 20 2313 58 2830 2119 5525
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Sekil 5. Vadi sistemlerinin farkli sinir diizeyinde ekolojik karaktere sahip alanlarla uzaklik iligkisi.

Figure 5. Distance relationship between valley systems and areas with ecological character at different boundary levels.

SONUC ve ONERILER

Ankara kent vadileri kentteki su sistemi, hava koridoru ve biyolojik gesitliligin korunmasinda etkindir.
Ancak, kentsel planlama kararlari ile arazi kullanim stratejileri ve yonetim eksikligi Ankara kent vadi
sistemlerinin ekolojik islevlerini kaybetmesine neden olmustur. Ankara kent vadi sistemlerinin ekolojik
niteliklerinden uzaklasmasinin temel nedeni siyasi kiltir ile planlama burokrasisi arasindaki uyum
sorunudur. Siyasi kultirin planlama burokrasisini islevsizlestirmesi vadi sistemi Uzerindeki yapilagsma
baskilarinin artmasina, arazi kullanim stratejilerinin degismesi sonucunda kentsel ekolojinin temel
bilesenlerinin (Ankara kent vadilerinde oldugu gibi) ihmal edilmesine neden olmustur. Planlama
burokrasisinin siyasi kiltir tarafindan iglevsizlestiriimesi ayni zamanda kiresel, bodlgesel ve yerel
sorunlara karsi kentlerin ekolojik direncini artirma olanagini ortadan kaldirmaktadir.

Vadiler, Ankara kentinin ekolojik direncini saglama olanadina sahip énemli ekosistemlerdir. Vadi
ekosistemlerinin olasi etkilere tepkilerini anlamak kadar onlarin sagladigi hizmetleri anlamak da yasamin
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devamlilidi i¢in esastir. Vadi ve akarsular sadece hidrolojik, biyolojik ve kimyasal dengeleri dizenlemez
ayni zamanda insanlarin estetik ve kiiltirel deneyimlerini de zenginlestirerek insan sagligina fayda
saglamaktadir. Bu o6zelliklerinden dolayi, 6zellikle kentlesme oranin yuksek oldugu dinyanin cgesitli
kentlerinde hem bilim hem de politika alaninda vadi ekosistemlerinin korunmasi, onarimi ve tasarimina
yonelik stratejik kararlar gelistiriimektedir. Bu stratejik kararlarin mekansal plan kararlarina evrilmesinde
ekosistem hizmetleri ve yesil altyapi yaklasimlari temel alinmaktadir. Avrupa Komisyonu, kentlerde nufus
artisinin %80’i asacagindan hareketle “strdurulebilir kentler” ilkesini 7. Cevre Eylem Programi’na dahil
etmigtir. Bu ilke, kentlerin srdirulebilirlidinin saglanmasi durumunda 2050 yili i¢in 6éngdrilen sorunlarin
yasanmamasina dayanmaktadir. Bu kapsamda gelistirilen eylem planlarinda Avrupa kentlerinin
surdurulebilir kentsel planlama ve tasarim politikalari vurgulanmaktadir. Ayrica, Avrupa Komisyonu
kentlerin cevresel performansini degerlendirmek igin ekonomik, sosyal ve bélgesel etkilere yonelik kriterler
gelistirmekte ve kentlerde hasarli ekosistemlerin iyilestiriimesinde vyesil altyapi adlarina dikkat
cekmektedir. Hasarli ekosistemlerin %15'inin yesil altyapi aglar ile iliskilendirilmesi durumunda iyilesme
olabilecegi vurgulanmaktadir (EC, 2022). Ankara kent vadileri igin gelistirilen EH ve YA rehberi kent
ekolojisinin ekolojik baglantilar kapsaminda daha direngli olabilecegi belirlenmistir (Cizelge 8).

Cizelge 8. Ankara kent vadileri igin 6nerilen yesil altyapi rehberi

Table 8. Recommended green infrastructure guide for Ankara's urban valleys

Vadi Vadi nitelikleri Yesil altyapi uygulamalari ve olanaklari Ekosistem hizmetleri
Su varligi duzensiz Yagmur suyu toplama Tedarik EH
E s o Arazi talebi yuksek Gegirgen yuzeylerin olusturulmasi Diizenleyen EH
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Ankara kent vadilerinin niteligi (vadinin yikseklik ve edim durumu, vadinin su varligi, arazi kullanim
siniflari ile arasindaki mesafe iligskisi) ve maruz kaldigi baskilar (kentlesme baskisi, planlardan
kaynaklanan baskilar, nGfus baskisi ve arazi de@eri baskisi) degerlendirildiginde vadiler araciigiyla
kentsel ekosistemin iyilestiriimesi ve ekosistem hizmetlerinin geligtiriimesi olanagi oldugu goériimektedir.
Ankara kent vadi sistemlerinin Ankara Nazim imar Plani siniri igindeki agik ve yesil alanlar, tarim alanlari,
seyrek vejetasyon alanlari, orman alanlari, su ylzeyleri, vejetasyon alanlari ve korunan alanlar ile mesafe
iliskileri yesil altyapinin temel ilkeleri olan ¢ok fonksiyonluluk (ekosistem hizmetleri ile biyolojik gesitliligin
korunmasi ve gelistiriimesi), baglantihlik (farkli élgeklerdeki ve karakterdeki yesil alanlar arasinda fiziksel
aglarin kurulmasi) ve entegrasyon (kentsel ekolojinin iyilestiriimesi icin kent ile korunan alanlar arasinda
stratejik butinlesmenin gelistiriimesi) ilkelerini karsilamaktadir (Cizelge 7). Bu bilgi, ekolojik bttinlesmeye
yonelik bir ekolojik ag potansiyelinin oldugunu géstermektedir. Ekolojik ag, yesil altyapi baglanti elemani
olan akarsular ile iliskilendirilerek vadilerin yapisal ve iglevsel surdurilebilirligi saglanabilir. Ayni zamanda
ana kentsel cekirdek alan igerisinde farkli ol¢eklerdeki yesil alanlar ve korunan alanlarin ekolojik ag
sistemine dahil edilmesi ile hem fiziksel hem de stratejik baglantiilik kurulabilir. Baglantilihk ve
entegrasyon ilkelerinin Ankara kent vadileri araciliiyla saglanmasi kent ekolojisinin ¢ok fonksiyonlu
yapisinin beslenmesine destek olacaktir. Ayrica, ekolojik ag gelistiriimesi Ust 6lgekli planlar arasindaki
ekolojik butinlesme kosullarinin iyilesmesine olanak saglayabilir. Ancak ekolojik ag ve ekolojik
batiinlesme ilkelerinin 6n kosulu olarak, Ankara kent vadi ekosistemlerinin iyilestiriimesi gerekmektedir.
Ankara kent vadi ekosistemlerinin iyilestiriimesi icin onerilen ¢oézimler (Cizelge 7) kentsel ekosistem
hizmetlerinin gelismesine ve dolayisiyla ekolojik agin basariya ulasmasina olanak taniyacaktir.

Ankara kent vadilerinin slrekli/lkismen su varligina sahip irmaklari icermesi vadi biyogesitliligini
desteklemektedir. Ancak Ankara kent vadilerindeki arazi kullanim ve arazi o6rtisu degisimi vadideki
irmaklarin karakterini olumsuz ydnde etkilemis irmaklarin kent ekolojisini etkileyebilme &zelliklerini
kaybetmesine neden olmustur. Baglantili bir ekosistem olan irmaklarin kent ekolojisine katki saglamasi
vadilerde yesil altyapi uygulamalarinin gerceklesmesine baglidir. Ankara kent vadilerinde yapilmasi
gereken yesil altyapi uygulamalari, irmaklarin vadiler araciliiyla kent ekolojisini etkileme gictini yeniden
kazanmasini destekleyecektir (Cizelge 7).

Ankara planlarinda vadi sisteminin kentsel planlama sirecine ekolojik baglantilar kapsaminda dahil
edilmesine yonelik kararlar, kent ekosisteminin vadiler aracilidiyla iyilestiriimesi hedefini desteklemektedir.
Ankara kent vadilerine dayali ekolojik baglantilar kentsel-kirsal alanlar arasinda ekolojik fonksiyonlari
desteklerken, mavi-yesil alanlarin rekreatif bitlinlesmesine de olanak saglamaktadir.

Vadi ekosisteminin kente ve kent ekosistemine sundudu katkilar dikkate alindiginda, EH ve YA
uygulamalari araciliiyla Ankara’da vadi sistemlerinin kentsel planlamaya daha etkin bir sekilde entegre
edilebilecedi saptanmistir. Ankara kent planlarinda kavram olarak ifade ediimese de EH ve YA
yaklasimlari planlarda isaret edilmektedir. Ankara’da vadi sistemleri kirsal ve kentsel alanlardan gegis
surekliligine sahipti. Bu 6zellikleri, kentsel-kirsal alanlarda ekosistem hizmetlerinin transferini
kolaylastirmaktadir. Ekosistem hizmetleri transferi hasarli vadi ekosistemlerinin daha hizli iyilesmesini
saglayarak kentsel ve kirsal butunligu destekleyebilir. Ekosistem hizmetleri transferinin saglanmasi igin
bu calismada potansiyeli belirlenen ekolojik aglarin gergeklestirimesi, kentsel ve kirsal baglamin
bltinligint saglayabilir ve kentsel ve kirsal butinligld vurgulayan BM Sirdirdlebilir Kalkinma
Hedeflerinin (UN, 2015) Ankara 6rne@inde kentsel planlamaya aktariimasinda umut verici olabilir.

KAYNAKLAR

Ankara Buylksehir Belediyesi, 2019. Ankara Makroform. (Web sayfasi: https://www.ankara.bel.tr/files/3113/4726/6297/3-
makroform.pdf) (Erisim Tarihi: 03.04.2022).

Anonymous, 2012. Ankara metrosu iki dereye komsu cikti. (Web sayfasi: http://www.yapi.com.tr/haberler/ankara-
metrosu-iki-dereye-komsu-cikti_102204.html) (Erisim tarihi: 02.01.2021).

486


https://www.ankara.bel.tr/files/3113/4726/6297/3-makroform.pdf
https://www.ankara.bel.tr/files/3113/4726/6297/3-makroform.pdf
http://www.yapi.com.tr/haberler/ankara-metrosu-iki-dereye-komsu-cikti_102204.html
http://www.yapi.com.tr/haberler/ankara-metrosu-iki-dereye-komsu-cikti_102204.html

Vadilerin kent ekolojisini iyilestirme olanaklarinin Ankara kent vadileri Gizerinden degerlendirilmesi

Anonymous, 2019. Ankara’nin kayip dereleri. (Web sayfasi: https://www.birgun.net/haber/ankara-nin-kayip-dereleri-
278332) (Erigim tarihi: 02.01.2021).

Arcidiacono, A. & Ronchi, S., 2021.Challenges For Contemporary Spatial Planning in Italy. Towards A New Paradigm.
In Ecosystem Services and Green Infrastructure, Springer, Cham,1-16 pp.

Benedict, M. A. & McMahon, E.T., 2012. Green infrastructure: Linking Landscapes And Communities. Island press,
320 pp.

Cengiz, S., 2019. Kentsel Biiyiime Dinamiklerinin Modellenmesi: Ankara Kenti Simiilasyonu. Ankara Universitesi, Fen
Bilimleri Enstitlist, Doktora Tezi, Ankara, 284 s.

Cengiz, S., Gérmdis, S. & Oguz, D., 2022. Analysis Of The Urban Growth Pattern Through Spatial Metrics; Ankara
City. Land Use Policy, 112, 105812. Doi: https://doi.org/10.1016/j.landusepol.2021.105812.

Crutzen, P.J.,1998. Changing Atmospheric Chemistry: Causes And Consequences For Environment And Climate.
European Review, 6 (1): 7-23.

CDP, 2017. 2038 Ankara Cevre Diizeni Plani Agiklama Raporu. Ankara Biiyiiksehir Belediyesi, imar ve Sehircilik
Dairesi Bagkanligi, Ankara.

Duraiappah, A. K., Naeem, S., Agardy, T., Ash, N. J., Cooper, H. D., Diaz, S., Faith, D. P., Mace, G., McNeely, J. A,,
Mooney, H. A., Oteng-Yeboah, A. A., Pereira, H. M., Polasky, S., Prip, C., Reid, W. V., Samper, C., Schei, P.
J., Scholes, R., Schutyser, F. & Van Jaarsveld, A., 2005. Ecosystems and human well-being: biodiversity
synthesis; a report of the millennium ecosystem assessment. World Resources Institute. (Web sayfasi:
https://experts.umn.edu/en/publications/ecosystems-and-human-well-being-biodiversity-synthesis-a-report-o)
(Erigim Tarihi: 03.09.2020).

EC, 2022. Environment. (Web sayfasi: https://environment.ec.europa.eu/index_en) (Erisim Tarihi: 03.09.2022).
Forman, R.T.T., 2008. Urban Regions:Ecology and Planning Beyond The City. Cambridge University Press, 408 pp.

GIB, 2020. Performans Programi. (Web sayfasi: http://www. gib. gov.
tr/sites/default/files/fileadmin/beyannamerehberi/2009PerformansProgrami.pdf) (Erisim Tarihi: 03.09.2020).

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X. & Briggs, J. M., 2008. Global change
and the ecology of cities. Science, 319 (5864): 756-760.

Grunewald, K., Li, J., Xie, G. & Kimper-Schlake, L., 2018. Towards Green Cities. Urban Biodiversity and Ecosystem
Services in China and Germany. Springer International Publishing. DOI:10.1007/978-3-319-58223-8.

Liquete, C., Kleeschulte, S., Dige, G., Maes, J., Grizzetti, B., Olah, B. & Zulian, G., 2015. Mapping Green
infrastructure Based On Ecosystem Services And Ecological Networks: A Pan-European Case Study.
Environmental Science & Policy, 54, 268-280 pp.

Mimarlar Odasi, 2020. imrahor Vadisi Projesi. (Web sayfasi: http://www.mimarlarodasiankara.org/?id=9) (Erisim
Tarihi: 22.03.2022).

Niemeld, J., Breuste, J. H., Guntenspergen, G., Mcintyre, N. E., Elmqvist, T. & James, P.,2011. Urban Ecology:
Patterns, Processes, and Applications. Oxford University Press,392 pp.

NiP, 2007. 2023 Bagkent Ankara Nazim imar Plani Plan Agiklama Raporu (Etiidler&Miidahale Bigimleri). Ankara
Buyuksehir Belediyesi, Imar ve Sehircilik Dairesi Bagkanligi, Ankara.

Oki, T. & S. Kanae, 2006. Global Hydrological Cycles And World Water Resources. Science, 313 (5790): 1068-1072.

Oppla, 2022. EnRoute: Enhancing Resilience of Urban Ecosystems through Green Infrastructure. (Web sayfasi:
https://drive.google.com/file/d/1T8jsTcWoaF4SIVs-5hnf7TvIRgL-eDJJ/view) (Erisim tarihi: 06.05. 2022).

Palmer, M. A., Lettenmaier, D. P., Poff, N. L., Postel, S. L., Richter, B. & Warner, R., 2009. Climate change and river
ecosystems: protection and adaptation options. Environmental management, 44 (6): 1053-1068.

Peyzaj Mimarlari Odasil, 2006. Zir Vadisi Turkiye Glindeminde. (Web Sitesi:
http://www.peyzajmimoda.org.tr/genel/bizden_detay.php?kod=118&tipi=6&sube=0) (Erigim Tarihi: 21.03.2022).

Postel, S. & Carpenter, S.,1997. “Freshwater Ecosystem Services, 195-214". In: Nature's Services ((Ed. G. C. Daily),
Island Press, Washington, 195 pp.

Stevenson, R. J. & Sabater, S., 2010. Understanding Effects Of Global Change On River Ecosystems: Science To
Support Policy In A Changing World. Hydrobiologia, 657 (1): 3-18.

487


https://www.birgun.net/haber/ankara-nin-kayip-dereleri-278332
https://www.birgun.net/haber/ankara-nin-kayip-dereleri-278332
https://doi.org/10.1016/j.landusepol.2021.105812
https://environment.ec.europa.eu/index_en
http://www.mimarlarodasiankara.org/?id=9
https://oppla.eu/groups/enroute
https://drive.google.com/file/d/1T8jsTcWoaF4SlVs-5hnf7TvIRgL-eDJJ/view)%20(Eri%C5%9Fim%20tarihi:%2006.05.%202022
http://www.peyzajmimoda.org.tr/genel/bizden_detay.php?kod=118&tipi=6&sube=0

GoOrmdas vd.

Sehir Plancilan Odasi, 2021. Mahkeme, Dikmen Vadisi Son Etapta Hukuksuz Planlara Yine Dur Dedi!. (Web sayfasi:
https://www.spo.org.tr/detay.php?sube=1&tip=3&kod=10635) (Erigim Tarihi: 21.03.2022).

Tagil, $. & Jenness, J., 2008. GIS-Based Automated Landform Classification And Topographic, Landcover And
Geologic Attributes Of Landforms Around The Yazoren Polje, Turkey. Journal of Applied Sciences, 8 (6):12.

Thorp, J. H., Thoms', M. C. & Delong, M. D., 2010. The Riverine Ecosystem Synthesis: Toward Conceptual
Cohesiveness In River Science. Elsevier 232 pp.

TUIK, 2018. Adrese Dayali Niifus Kayit Sistemi. (Web sayfasi: http://www.tuik.gov.tr) (Erisim Tarihi:12.03.2021).

UN, 2015. Sustainable development goals: FACT SHEET. (Web sayfasi:
https://www.un.org/sustainabledevelopment/wpcontent/uploads/2015/08/Factsheet_Summit.pdf) (Erisim tarihi:
02.02.2021).

UN, 2018. World Urbanization Prospects: The 2018 Revision, Online Edition. (Web sayfas:
https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html) (Erisim
tarihi: 02.02.2021).

UN, 2019a. Global Sustainable Development Report 2019: The Future is Now — Science For Achieving Sustainable
Development. United Nations, New York.

UN, 2019b. Probabilistic Population Projections Rev. 1 based on the World Population Prospects 2019 Rev. (Web
sayfasi:http://population.un.org/wpp/) (Erisim tarihi: 02.02.2021).

UNDP, 2012. Africa Human Development Report 2012 Towards a Food Secure Future (No. 267636). United Nations
Development Programme (UNDP).

United Nations, Department of Economic and Social Affairs, Population Division. (2022). Probabilistic population
projections, Rev. 1 based on the World Population Prospects 2019, Rev. 1.

Vannote, R. L., Minshall, G. W., Cummins, K. W., Sedell, J. R. & Cushing, C. E., 1980. The river continuum concept.
Canadian Journal of Fisheries and Aquatic Sciences, 37 (1): 130-137.

Weiss, A, 2001. Topographic Position And Landforms Analysis. In Poster presentation, ESRI user conference, San
Diego, CA (Vol. 200).

Wickham, J. D., Riitters, K. H., Wade, T. G., Vogt, P., 2010. A National Assessment Of Green Infrastructure And
Change For The Conterminous United States Using Morphological Image Processing. Landscape and Urban
Planning, 94 (3): 186-195.

488


https://www.un.org/sustainabledevelopment/wpcontent/uploads/2015/08/Factsheet_Summit.pdf)%20(Eri%C5%9Fim%20tarihi:%2002.02.2021
https://www.un.org/sustainabledevelopment/wpcontent/uploads/2015/08/Factsheet_Summit.pdf)%20(Eri%C5%9Fim%20tarihi:%2002.02.2021
https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html
http://population.un.org/wpp/

How to cite: Alshawi, J. Z. A., A. O. Sen, R. Albayrak Delialioglu, E. Pehlivan, B. Dag, 2023.
Farkh zemin tiplerinin Akkegilerde sut verimi ve bilesenleri ile somatik hiicre sayisi Uzerine
etkisi. Ege Univ. Ziraat Fak. Derg., 60 (3): 489-500, https://doi.org/10.20289/zfdergi.1317850

Arastirma Makalesi
(Research Article)

Jaimaz Zaki Abdulazez ALSHAWI *
Ayse Ovgii SEN 2

Rabia ALBAYRAK DELIALIOGLU 2
Erkan PEHLIVAN ?

Birol DAG ?

! Selguk Universitesi, Fen Bilimleri Enstitiis
Zootekni Anabilim Dali, Sel¢uklu, Konya,
Tarkiye

2 Ankara Universitesi, Ziraat Fakiiltesi
Zootekni Bélumd, Digkapi, Ankara, Turkiye

% Selcuk Universitesi Ziraat Fakiiltesi

Zootekni Bélumd, Selguklu-Konya

* Sorumlu yazar (Corresponding author):

pehlivan@agri.ankara.edu.tr

Anahtar sézcukler: Akkeci, zemin tipi, st
bilesenleri

Keywords: Akkeci Goat, floor material, milk
components

Ege Univ. Ziraat Fak. Derg., 2023, 60 (3):489-500
https://doi.org/10.20289/zfdergi.1317850

Farkli zemin tiplerinin Akkecilerde sut
verimi ve bilegenleri ile somatik hlicre
sayisl Uzerine etkisi*

Effects of different floor types on milk yield and its
components and somatic cell count in Akkeci goats

* Bu makale birinci siradaki yazarin doktora tezinden 6zetlenmistir.

Alinisg: (Received): 22.06.2023 Kabul Tarihi (Accepted): 11.09.2023

0z
Amag: Bu arastirmada, Akkecilerde farkli zemin tiplerinin (1zgara, kauguk ve

beton) laktasyon sut verimi ve bilesenleri ile somatik hlcre sayisi Uzerine
etkisinin incelenmesi amaglanmistir.

Materyal ve Metot: Arastirmanin materyalini 2-4 yash, 11 bas disi Akkegi
olusturmustur. Kecilerden kontrol sagimiyla elde edilen verilerden Trapez Il
yontemiyle laktasyon sit verimi ve siresi hesaplanmistir. Laktasyon dénemi
boyunca alinan siit 6rneklerinde, sitte yag (%), protein (%), laktoz (%), yagsiz
kuru madde (%), elektriksel iletkenlik (uS/cm), donma noktasi (°C), yogunluk
(kg/m*®) ve pH icerikleri ile somatik hiicre sayisi (SHS) arastirimistir.
Arastirmada zemin tipi, sagim zamani ve laktasyon donemleri arasindaki
farkhliklar, faktoriyel dizende tekrarlanan 6lgimli varyans analizi teknigi ile
degerlendirilmigtir.

Arastirma Bulgulan: St bilesenleri bakimindan, pH harig, Uzerinde durulan tim
ozelliklerde laktasyon donemleri arasindaki farklliklar istatistik olarak 6nemli
bulunmustur (p<0.05). Sutteki yag (%) ve yagsiz kuru madde orani (%) bakimindan
yapilan varyans analizinde sagim zamani x laktasyon donemi interaksiyonu istatistik
olarak 6nemli (p<0.05), pH degeri bakimindan da zemin tiplerinin ortalamalari
arasindaki farklarin istatistik olarak énemli (p<0.05) oldugu bulunmustur.

Sonug: Arastirmada uygulanan farkli zemin tiplerinin Akkecilerde sut verimi ve
bilesenleri ile somatik hiicre sayisi Uzerine istatistik olarak énemli bir etkisi
bulunmamistir (p>0.05).

Sonug: Arastirmada uygulanan farkli zemin tiplerinin Akkecilerde st verimi ve
bilesenleri ile somatik hiicre sayisi Uzerine istatistik olarak 6nemli bir etkisi
bulunmamistir (p>0.05).

ABSTRACT

Objective: This study aimed to investigate the effects of different floor types (grid,
rubber, and concrete) on lactation milk yield and its components and somatic
cell count in Akkegi goats.

Material and Methods: The material of the study consisted of 11 female Akkegi
goats aged 2-4 years. Lactation milk yield and lenght were calculated by
Trapeze |l method from the data obtained by test day milk. Fat (%), protein (%),
lactose (%), electrical conductivity (uS/cm), freezing point (°C), density (kg/m®),
pH and somatic cell count (SCC) were investigated in milk samples in the
experiment during the lactation period. In the study, the differences between
floor type (grid, rubber,and concrete), milking time (morning-evening), and
lactation periods (April-September) were evaluated by factorial repeated
measures analysis of variance technique.

Results: In terms of milk components, differences between lactation periods
were statistically significant (p<0.05) in all traits except pH. In the analysis of
variance in terms of fat (%) and non-fat dry matter ratio (%) in milk, the milking
time x lactation period interaction was found to be statistically significant
(p<0.05), and the differences between the averages of the soil types in terms of
pH value were found to be statistically significant (p<0.05).

Conclusion: It was observed that the different floor types applied in the
experiment had no statistically significant effect on milk yield and its components and
SCC in Akkegi goats (p>0.05).
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GiRIiS

Dinyada kegi yetistiriciligi esas olarak Afrika ve Asya kitalarinda ekstansif tarzda yapilmakta olup,
uretilen drtinler dncelikle aile iginde, fazlasi da bolgeye 6zgu lokal pazarlarda degerlendirilmektedir. Kuresel
dizeyde dretimi yapilan keci Urlinlerden birisi de sit olup bu Urine olan ilgi her gecen yil artis
gostermektedir. Nitekim dunyada son 20 yil icerisinde, keci siti Uretiminde 6nemli dizeyde artiglar
gerceklesmistir. 2022 yili FAO verilerine gére dinya toplam kegi sttt dretimi yaklasik olarak 9.2 milyon ton

olup bu dretim miktari, diinya toplam sut Uretiminin % 2.26’sin1 olusturmaktadir. Diinya keci sttt Uretiminde
en yiksek payi sirasiyla; Asya (%60.5), Afrika (%21.6) ve Avrupa (%15.2) kitalari almaktadir (FAO, 2023).

St kegisi yetigtiriciligi Turkiye'de de bir¢cok agidan 6nem tasimaktadir. Tarimsal bir faaliyet olan bu
Uretim kolu, kirsalda yasayan ¢ok sayida ailenin esas gecim kaynagini saglamakla birlikte ayni zamanda
Uretilen sdtun islenmesi ve pazara sunulmasi ile de ekonomiye 6nemli dizeyde katkilar sunmaktadir.
Bununla birlikte, diger ciftlik hayvanlari tarafindan degerlendiriiemeyen marjinal alanlarin etkin bir sekilde
kullanimi ile dogal kaynaklarin ekonomiye kazandirilmasi saglanmaktadir. Ayrica gelir duzeyi dusuk ailelerin
hayvansal protein ihtiyaglarinin karsilanmasinda da kec¢i sutl dretimi, 6énemli bir kaynak olarak
gorulmektedir (Pehlivan & Dellal, 2012).

Kegi sutinun insan sagligi ve beslenmesindeki 6nemi, sindirilebilirlik, alkalinite ve tamponlama
kapasitesinin yliksek olusu vb. 6zellikleri inek stttinden farkhlik gostermesine neden olmaktadir (Park et
al., 2007). igerdigi besin elementleri nedeniyle keci sitiinin, insanlarin 6zellikle de gocuk ve hasta
bireylerin beslenmelerinde 6nemli bir yere sahip oldugu bildiriimektedir (Park, 1994; Haenlein, 2004; Park
& Haenlein, 2006). Bununla birlikte keci sutiinin miktar, kalite ve bilesimi; irk, yas, laktasyon dénemi,
mevsim, sagim zamani, sagim tipi, rasyon vb. bircok faktdre bagll olarak degiskenlik gdstermektedir
(Msalya et al., 2021).

Son yillarda sut uretimi yonunde faaliyet gosteren igletmelerde, kaliteli stit Gretiminin yani sira hayvan
refahi da dikkat edilen hususlardan bir olmaya baglamigtir. Hayvanlarin yetistirildigi barinaklarin fiziksel
kosullari ile birlikte surii yonetimi uygulamalarinin gerek performans gerekse refah tizerinde dogrudan etki
gésterdigi bircok arastirici tarafindan bildiriimistir (Koyuncu & Ozig Altingekic, 2010; Kogyigit & Tiizemen,
2014; Aslan & Uzal Seyfi, 2015; Arsoy, 2020; Singh vd., 2020). Hayvanlarin refah diizeylerinin yikseltiimesi,
kaliteli st tretimi icin 6n kosul olmakla birlikte etik agidan da olmazsa olmaz bir zorunluluktur. Bu nedenle
hayvanlara en uygun fiziksel cevre sartlari saglama arayisi yénundeki ¢cabalar her gecen giin daha da artis
gostermektedir. Bu ¢cabalar icerisinde ise agdil zemin yapisi 6nemli bir yer tutmaktadir.

Kiguikbas hayvan agillarinda kullanilan barinak zemini, genellikle sikistiriimis toprak, beton zemin ya
da beton zemin Uzerine bugdaygil sapi seklinde olmaktadir (Koyuncu vd., 2006, Sutherland vd. 2017). Uygun
olmayan barinak kosullarinin yavru kayiplari, meme ve ayak-tirnak vb. sorunlarin ortaya ¢ikmasina neden
olabilmektedir. Bu nedenle 6zellikle Ulkemizde barinak tabani ve altlik tipleriyle ilgili galismalarin yapilmasi
onem tagimaktadir (Oztiirk & Toli, 2016). Farkli zemin tiplerinin, sutcii kecilerde siit bilesenlerine etkisini
arastiran sinirli sayida ¢calismaya ulasilabilmistir (Celozi et al. 2021; Ullah et al., 2022). Bu ¢alismada, farkh
zemin tiplerinin Akkecilerde st verimi ve bilesenleri Gizerine etkisini belirlemek amaciyla gerceklestirilmistir.

MATERYAL ve YONTEM

Bu aragtirma icin, Ankara Universitesi Hayvan Deneyleri Yerel Etik Kurul onayr alinmistir (Karar No:
2021- 4-20).

Hayvan Materyali

Arastirmanin hayvan materyalini Ankara Universitesi Ziraat Fakultesi Zootekni Bolimi Hayvancilik

isletmesi’nde (Enlem: 39°57'42.5" Kuzey, Boylam: 32°51'56.2" Dogu) yetistirilen 2-4 yash, 11 bas disi
Akkeci olusturmustur.
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Deneme Hayvanlarinin Yonetimi

Arastirma, kecilerin laktasyon donemi olan Nisan ve Eylul aylarn arasinda ydritilimus olup
calismaya 11 keci dahil edilmistir. Arastirma stiresince keciler, yas ve canli agirliklar dikkate alinarak,
icerisinde 3 farkh zemin tipi (1zgara, kauguk ve beton) bulunan birbirine esit bélmelere (3.90 mx4.60 m)
sahip kapali agila, bdlmelere tesadufi olarak yerlestiriimistir. Denemede kullanilan bdlmelerden sadece
beton zemin bulunan bdlmede althk materyali olarak bugdaygil sapi kullaniimig, diger bdlmelerin
zeminlerinde herhangi bir althk materyali kullaniimamistir. Laktasyon dénemi boyunca keciler sagilmamis
olup (kontrol sagiminin yapildigi ginler hari¢), oglaklariyla birlikte tutulmuslardir. Kecilere arastirma
dénemi boyunca ortalama olarak bugday samani (1000 g/keci/glin), kuru yonca otu (500 g/keci/giin) ve
kesif yem (1200 g/keci/gin) grup yemlemesi seklinde verilmistir. Arastirmaya dahil edilen keciler ayni
bakim-besleme ve ydnetim kosullari altinda tutulmustur.

Kontrol Sagimi, Siit Orneklerinin Toplanmasi ve Laboratuvar Analizleri

Laktasyon dénemi slresince kontrol sagimlari dogumu izleyen 7. giinden itibaren aylik (her ayin
ortasinda) olarak gergeklestiriimis, oglaklar kontrol sagim zamanindan 12 saat 6nce analarindan
ayrilmistir. Kontrol sagimlari st sagim makinesi ile isletmenin sagim diizenine uygun olarak, sabah ve
aksam olmak lzere 28 giin ara ile glinde iki defa olarak gergeklestiriimis, sagilan st miktarlari ise cam
mezdr ile dlgulmustir. Elde edilen verilerden laktasyon sut verimi, laktasyon siresi ve ginlik ortalama st
verimi hesaplanmistir. Kegilerin laktasyon sit verimini belirlemek icin, Uluslararasi Hayvan Kayit
Komisyonu (ICAR) tarafindan bildirilen metot (Trapez II) kullanilmis olup Esitlik (1) asagida gosterilmistir.

SV=[(ks A+ ( (Kit+ Ko)l 2) @zt ( (K- 1+ ko) 2) @t (Kn C)] Esitlik (1)

(guin); a= Kontrol arahgi (gtin); C= Son kontrol giini ile kuruya ¢ikma arasinda kalan sire (giin)

Bu gcalismada, kontrol sagiminin gergeklestirildigi giinlerde sagilan sitlerden 6rnekler alinmistir.
Sut érnekleri, aylik olarak hayvanlar kuruya ¢ikincaya kadar sabah ve aksam olmak Uizere giinde 2 defa
10 mfllik tuplere alinmistir. Alinan sut drneklerinde yag (%), protein (%), laktoz (%), yadsiz kuru madde
(%), elektriksel iletkenlik (S/cm), donma noktasi (°C) ve yogdunluk (kg/ms) Sut Analiz Cihazinda
(Milkotester Master Pro, Milk Analyzer) belirlenmigtir. Stttin pH degeri ise, pH metre (WTW, inoLab, pH
720, Weilheim, Germany) ile saptanmistir. Alinan sit 6rneklerinde, her hayvanin dogumunu izleyen
Uclncl aydan itibaren somatik hiicre sayisi (SHS), belirlenmis olup sayimda standart analiz yéntemi
(mikroskopla sayim) kullaniimistir. Somatik hiicreleri tespit etmek amaciyla, 6 ml Asetik asit, 54 ml %
96’lik Etil Alkol, 40 ml 1, 1, 1 Tricloroetan ve 0.6 g Metilen Mavisi kullanilarak boya ¢dzeltisi hazirlanmistir.
Sit érneklerinin bulundugu tipler calkalandiktan sonra otomatik mikro pipetle iki paralelde 0.01 ml sit
6rnegdi alinmig, dnceden hazirlanan sablon yardimiyla lamda belirlenen 5x20 mm? alana yayilarak etlivde
kurutma islemi uygulanmistir. Daha sonra, farkli hayvanlara ait érnekler hazirlanan boya c¢ozeltisi ile
muamele edilmis, kurutma, yikama ve tekrar kurutma iglemlerinden sonra mikroskopta sayim iglemi
yapilmistir (Cedden, 2002).

istatistik Analizler

Aragtirmada, elde edilen sut verimleri istatistik analizler yapilmadan 6nce 3-yasa gore standardize
edilmistir. Denemede gunlik ortalama st verimi, laktasyon suresi ve laktasyon sut verimi bakimindan
zemin tiplerinin (1zgara, kaucuk, beton) ortalamalari arasindaki farklarin istatistik olarak dnemli olup olmadigi
tesadif parselleri deneme tertibinde varyans analizi teknigi ile dederlendirilmistir. Siit bilesenleri (yag (Y, %),
protein (P, %), laktoz (L, %), yagsiz kuru madde (YKM, %), elektriksel iletkenlik (Ei, pS/cm), donma noktasi
(DN, °C), yogunluk (kg/m3), pH ve somatik hiuicre sayisi (SHS)) bakimindan zemin tipi (1zgara, kauguk ve
beton), sagim zamani (sabah ve aksam) ve laktasyon donemi faktorlerinin seviye ortalamalari arasindaki
farklarin istatistik olarak énemli olup olmadigi faktdriyel diizende tekrarlanan dlcimlu varyans analizi teknigi
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ile degerlendirilmistir. Tekrarlanan dlgimler, sagim zamani ve laktasyon donemi faktérlerinin seviyelerinde
gerceklestiriimistir. Gruplar arasindaki farkin belirlenmesi icin Duncan ¢oklu karsilastirma testi kullaniimigtir.
istatistik analizler IBM SPSS Statistics (version 23) paket programinda yapiimistir. SHS bakimindan elde
edilen veriler varyans analizi tekniginin 6n sartlarini saglamasi igin logaritmik transformasyona tabi tutulmus
ve elde edilen verilere varyans analizi uygulanmistir. Degiskenlerin tamaminin ortalamasi 1s1 haritalari ile
gbsterilmistir. Bu amacla verilen 1s1 haritalari RStudio yaziliminda ‘pheatmap’ fonksiyonu kullanilarak
hiyerarsik kiimeleme analizi (Anonymous, 2023) ile olusturulmustur.

ARASTIRMA SONUCLARI ve TARTISMA

Arastirmada zemin tiplerine gore olusturulmus gruplarin kontrol sagiminin gergeklestirildigi gtinlerde
Olctlen sit miktarlan Cizelge 1 ve Sekil 1'de gosteriimistir. Sekil 1 incelendiginde gunlik ortalama st
veriminin genel olarak laktasyonun ortasina kadar artig gdsterdigi, bu noktadan itibaren laktasyonun sonuna
dogru ise azalig gosterdigi gorilmektedir. Laktasyon st verimi (LSV) ve laktasyon suresi (LS) bakimindan
zemin tipi gruplari arasinda gézlenen farkliliklar istatistik olarak 6nemli bulunmamasina ragmen her iki 6zellik
bakimindan en disik degerler beton zemin grubunda tutulan hayvanlarda belirlenmistir. LSV ortalamasi en
yuksek kaucuk zemin grubunda tutulan kecilerde ortaya ¢cikmis olup, elde edilen degerlerin Turk Saaneni, Kil
kecisi, Kil kegisi x Alpin ve Saanen x Kil ke¢isi melezlerinde yapilan ¢alismalarda (Aktas vd., 2012; Erduran &
Dag, 2021; Erduran, 2023) bildirilen degerlerden (laktasyon siresinin de daha kisa olmasina ragmen) daha
yuksektir. Bu arastirmada Akkecilerin laktasyon st verimlerinin yiuksek olmasinda, genotip ile birlikte
arastirma siresince uygulanan siir ydnetimi ve besleme kosullarinin etkisi oldugu séylenebilir.

Cizelge 1. Akkecilerde gunlik ortalama st verimi (It), laktasyon suresi (giin) ve laktasyon sit verimine (It) ait en kiguk kareler
ortalamasi ve standart hatalari (EKO + SH)

Table 1. Least squares means and standard errors (ECO + SH) of daily average milk yield (It), lactation duration (days) and
lactation milk yield (It) in Akkeci goats

Izgara (n=3) Kauguk (n=3) Beton (n=5)

LSV 305.2+50.40 358.0+£163.00 239.1+21.30
LS 197.7+6.64 195.3+21.50 189.9+5.86
GOSsV 1.53+0.201 1.17+0.590 1.26+0.089

LSV: Laktasyon St Verimi, LS: Laktasyon Suresi, GOSV: Ginluk Ortalama Sut Verimi

cee0eee |zgara = O =Kauguk Saman —0— Genel
3

2.5
2
15

1

0.5

Ginluk Ortalama Siat Verimi, Lt

Donem

Sekil 1. Akkecilerde kontrol sagimlari ve gunlik ortalama sit veriminin degisimi.

Figure 1. Test day milk yield and changes in average daily milk yield in Akkeci goats.
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Sit Bilesenleri

Zemin tiplerine goére olusturulmus gruplardan alinan sit érneklerinin bilesenleri bakimindan yapilan
varyans analizleri sonucunda; yag ve yagsiz kuru madde orani bakimindan sagim zamani (SZ) x
laktasyon dénemi (LD) interaksiyonu istatistik olarak énemli bulunurken (p<0.01) (Ek-1), protein, laktoz,
yogunluk ve donma noktasi ise sadece laktasyon dénemi (LD) faktoriinlin seviye ortalamalari arasindaki
farklar istatistik olarak 6nemli bulunmustur (p<0.01) (Ek-2). Elektrik iletkenligi (Ei) 6zelligi bakimindan
yapilan varyans analizi sonucunda sagim zamanlari (p<0.05) ve laktasyon donemleri (p<0.01) arasindaki
farklar istatistik olarak 6nemli bulunurken pH bakimindan sadece zemin tiplerinin ortalamalari arasindaki
farklar istatistik olarak énemli bulunmustur (p<0.05).

Cizelge 2'den gorulecegi gibi, sabah sagimlari bakimindan en yuksek yad oranlarinin laktasyon
doéneminin son iki ayinda elde edildigi ve bu aylardaki farklihgin diger aylardakine gore istatistik olarak
onemli (p<0.05) oldugu goézlenmistir. Aksam sagimlarinda ise en yiksek yag oranlarinin laktasyon
déneminin son U¢ ayinda elde edildigi ve bu aylardaki yag oranlarinin da diger aylardan énemli (p<0.05)
dizeyde yiksek oldugu gozlenmistir. Laktasyon dénemlerinde sabah ve aksam sagimlarinda elde edilen
st yag oranlari sadece 4. laktasyon ddéneminde sabah sagimindan elde edilen sit yaginin aksam
sagimina nazaran farkh oldugu (p<0.05), diger dénemlerde ise iki sagim zamani arasinda bir fark
g6zlenmemistir (p>0.05) (Cizelge 2).

YKM hem sabah hem de aksam sagimlari incelendiginde en yiksek YKM oraninin laktasyon
déneminin ilk ayinda elde edildigi ve bu dénemdeki YKM oraninin diger dénemlerden farki énemli (p<0.05)
bulunmustur (Cizelge 2). YKM bakimindan sagim zamanlari bakimindan farkhliklarin ise énemsiz oldugu
belirlenmistir.

Cizelge 2. Akkecilerde sut yag (%) ve YKM (%) oranlari igin laktasyon dénemi x sagim zamani alt gruplarina ait en kuglk kareler
ortalamasi ve standart hatalari (EKO + SH)

Table 2. Least means square and standart errors (LSM+SE) of lactation period x milking time subgroups for milk fat (%) and SNF
(%) ratios in Akkeci goats

LD Sagim Zamani Yag (%) YKM (%)
1 Sabah 3.10+0.278% 10.07+0.178"
Aksam 3.41+0.320% 10.07+0.159"
5 Sabah 2.17+0.454°% 9.29+0.162°5%
Aksam 2.50+0.304%* 9.36+0.120%
3 Sabah 1.73+0.246™ 9.02+0.186%°
Aksam 2.12+0.281% 9.05+0.121%
4 Sabah 3.03+0.241° 9.26+0.107°%
Aksam 4.73+0.632"° 9.15+0.144%
5 Sabah 4.72+0.579" 9.10+0.113%
Aksam 4.91+0.503" 9.05+0.121%
6 Sabah 5.32+0.601" 9.63+0.151%
Aksam 4.80+0.253" 9.41+0.089%

LD: Laktasyon Donemi, YKM: Yagsiz Kuru Madde
A, B, C, D: Her bir sagim zamaninda incelenen dénemler arasindaki farkliliklari ifade eder (p<0.05).
a, b: Her bir Laktasyon déneminde, sagim zamanlari arasindaki farkliliklari ifade eder (p<0.05).

Sut orneklerinde protein (%), laktoz (%), donma noktasi (°C), yogunluk (kg/m® ve elektriksel
iletkenlik (uS/cm) bakimindan yapilan varyans analizi sonucunda incelenen 6zellikler tzerinde yalnizca
laktasyon déneminin etkisi istatistik olarak énemli bulunmustur (p<0.05) (Cizelge 3). Sutlin protein ve
laktoz orani ile yogunlugunun, laktasyonun ilk ayinda en yiiksek seviyede oldugu ve bu ayda gézlenen
farkliliklarin diger dénemlerden istatistik olarak énemlidir (p<0.05). Elektriksel iletkenlik (Ei) bakimindan
da laktasyonun ilk ve ikinci ayinda en yiksek dizeye ulasiimigken, sagim zamanin elektriksel iletkenligi
etkiledigi ve sabah sagimlarinda (5.04+0.056) aksam sagimlarina gore (4.85+0.062) daha yiiksek ve
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onemli (p<0.05) bulunmustur. Donma noktasi bakimindan laktasyonun tclnct ayinda en dugik degere

sahip oldugu (p<0.05) tespit edilmistir.

Cizelge 3. Akkecilerde sitteki protein (%), laktoz (%), donma noktasi ‘o), yogunluk (kg/m®) ve elektriksel iletkenlik (uS/cm)
degerlerine ait en kiiguk kareler ortalamasi ve standart hatalari (EKO + SH)

Table 3. Least means square and standart errors (LSM+SE) of protein (%), lactose (%), freezing point (°C), density (kg/m®) and
electrical conductivity (uS/cm) values in Akkeci goats

LD P L DN Y Ei

1 3.66+0.043" 5.51+0.064" -0.65+0.009° 34.38+0.388" 5.30+0.016"
2 3.39+0.036°C 5.10+0.053%¢ -0.59+0.007° 32.12+0.398° 5.28+0.031"
3 3.29+0.041° 4.95+0.060° -0.57+0.007* 31.31+0.417°%¢ 5.00+0.097°
4 3.40+0.034%¢ 5.04+0.047%¢ -0.60+0.006° 31.09+0.377°%¢ 4.69+0.105°
5 3.30+0.029° 4.97+0.044° -0.59+0.006° 30.29+0.329° 4.71+0.114°
6 3.46+0.032° 5.20+0.050° -0.63+0.008° 31.70+0.304° 4.67+0.106°

LD: Laktasyon Dénemi, P: Protein, L: Laktoz, DN: Donma Noktasi, Y: Yogunluk, Ei: Elektriksel lletkenlik

A, B, C, D: Uzerinde galisilan 6zellik bakimindan incelenen dénemler arasindaki farkliliklari ifade eder (p<0.05).

Kegi sutu bilesenlerinin irk, yas, bakim-besleme kosullari, laktasyon dénemi, mevsim vb. birgok
faktor tarafindan etkilendigi bilinmektedir (Guo et al., 2001; Clark et al., 2017; Erduran & Dag, 2021). Bu
calismada Uzerinde durulan o6zelliklerden, pH disindaki bitin 6zelliklerin laktasyon déneminden
etkilendigi, sut pH duzeyinin ise yalnizca zemin tipinden etkilendigi belirlenmistir. Bu c¢alismada
laktasyonun farkli dénemlerinde sut bilesenleri tGzerinde ortaya ¢ikan farkliligin, kegilerin guinlik ortalama
sut verimlerinde meydana gelen degisimle birlikte mevsim etkisinin de etkili oldugu séylenebilir. Nitekim
Guo et al. (2001) tarafindan yapilan galismada, sut yad ve protein oraninin mevsime bagl degisim
gOstererek yaz aylarinda azalig, sonbahar aylarinda ise artis gosterdigi bildiriimistir. Baska bir ¢galismada,
Erduran & Dag (2021), Saanen x Kil kecisi melezlerinde hem mevsimin hem de sut veriminden
kaynaklanan degisimin benzer sekilde oldugu goérulmustur. Scano & Caboni (2022) tarafindan Saanen ve
Sarda kecilerinde 4 yil sireyle yuritilen calismada sitiin yag, protein ve yag/protein oranlarinin yaz
aylarinda azaldi§i, sonbahar aylarinda ise arttigi bildirilmistir. Ayrica bu calismada, sitin temel
bilesenlerinden olan laktoz ve proteinin bunlara bagh olarak da yogunlukta meydana gelen degisimin
sutteki YKM miktarini etkiledigi bununla birlikte laktasyon déneminin de etkili oldugu saptanmistir. YKM
bakimindan elde edilen bulgular Alpin, Nubian, Norve¢ Siitcl kegisi, Kil kegisi, Kil x Saanen ve Alpin x
Saanen melezinde bulunan degerlerden oldukc¢a ylksektir (Zeng & Escobar, 1996; Msalya et al., 2021;
Erduran & Dag, 2021). Bu durum gunlik ortalama sit veriminin disuk olmasindan da kaynaklanabilir.
Nitekim sutin yagsiz kuru madde orani (YKM) ile protein, laktoz ve yodunluk arasinda pozitif korelasyon
bulunmakta olup bu duruma mineral ve vitaminlerin de etkili oldugu bildirilmistir (Zeng & Escobar, 1995;
Yaylak vd., 2007; Park, 2010).

Bu arastirmada sutiin donma noktasi bakimindan zemin tipi gruplarina gére degisim dnemsizken,
laktasyon donemi bakimindan gozlenen farkhliklar dnemlidir. Laktasyon ddénemine gore sitin donma
noktasinda meydana gelen degisimde mevsim faktoriinin etkili oldugu soéylenebilir. Sitteki donma
noktasinin yaz aylarinda 0'a yaklasmasinda bu dénemde su tiketiminin artmasi ve solar radyasyondan
kaynaklanabileceg@i bildirilmistir (Konar, 1982). Bununla birlikte, donma noktasini sutun asitligi de
etkileyebilir (Unal & Besler, 2007), ancak bu galismada siitteki asitlik ile donma noktasi arasinda herhangi
bir iliski saptanmamistir.

Laktasyonun basinda elektriksel iletkenlik (EI) en yilksek seviyesinde iken laktasyonun sonuna dogru
bu deger azalmigtir. Elektriksel iletkenlik, sit sigircihiginda mastitisin erken teghisi igcin 6nemli bir belirte¢ iken
siit kecilerinde bu durumun gecerli oimadigi (Tangorra et al., 2010; Diaz et al., 2012), ancak El yiiksek olan
memelerin ve/veya meme loblarinin izlenmesi gerektigini Tangorra et al. (2010) tarafindan Saanen irkinda
yapilan c¢alismada vurgulanmistir. Bu c¢alismada, arastirma siresince Kkecilerde mastitis vakasina
rastlanmamig olmakla birlikte, EI bakimindan elde edilen bulgular Tangorra et al. (2010) ve SlyzZiené et al.
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(2020) calismalarinda elde ettikleri degerlerden duslk, ancak Erduran & Dag (2021) ¢alismasindan yiksek
oldugu gozlenmisgtir.

Sit bilesenlerinde sabah ve aksam sadimlari bakimindan gézlenen farkliliklarin, yalnizca laktasyonun
dordinci déneminde sutteki yag orani disinda, istatistik olarak énemli olmadigi saptanmistir. Sagim zamani
bakimindan Kastelic & Kompan (2006) kecilerde, Akter vd. (2015) sigirlarda yaptiklari g¢alismada st
bilesenleri bakimindan sabah ve aksam sagimlari arasinda farklilik olmadigini, I1zzadeen et al. (2021) koyun
ve sigirlarda yapilan ¢alismada yagd oraninin aksam sagiminda daha yiksek oldugunu, diger bilesenlerin ise
sagim zamanindan etkilenmedigini bildirmiglerdir. Bu kapsamda, siit bilesenlerindeki degisimin sagim
zamanindan daha ¢ok sut verimi ile iligkili oldugu ileri srtimustir (Kastelic & Kompan, 2006).

Aragtirmada pH bakimindan laktasyon donemi ve sadim zamani bakimindan gozlenen farkliklar
istatistik olarak 6nemsizken, zemin tipine gdre gozlenen farkliliklar 6nemli (p<0.05) bulunmustur (Ek-2).
Zemin gruplari arasinda en yiksek pH duzeyi beton zeminde gdzlenmis olup ortalamasi 6.87 olarak
saptanmistir. Kauguk ve 1zgara zemin gruplarinda ise pH dizeyi ortalamasi beton zemin grubundan énemli
(p<0.05) diizeyde disiik olup sirasiyla; 6.71 ve 6.76'dir. Bu duruma, beton zemine konulan samanin kegiler
tarafindan tlketilmis olmasinin yol agabilecegi ileri sirllebilir. Bununla birlikte, Akkecilerin farkli irklarda
yuritulen calismalarda bildirilen pH derecelerinden daha yiksek degerlere sahiptir (Todaro et al., 2005;
Tsioulpas et al., 2007; Vacca et al., 2017; Erduran & Dag, 2021).

Sekil 2'de Gizerinde durulan sit bilesenlerine zemin tipi (A), sagim zamani (B), dénem (C) ve dénem-
zemin (D) alt grup ortalamalarina iligkin 1s1 haritalari verilmistir. Bu haritalar incelendidinde, tzerinde durulan
Ozellikler bakimindan zemin tipi ve sagim zamanlarinin ortalamalari arasinda 6nemli bir fark bulunmazken
donemlerin ve DOnem x Sadim zamani alt gruplarinin ortalamalarinin renk skalalari bakimindan farklilastig
g6rilmastir. Bu durum istatistik analizlerle belirlenmigtir.

......
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Sekil 2. Sit bilesenlerine zemin tipi (A), sagim zamani (B), donem (C) ve donem-zemin (D) alt grup ortalamalarina ait isi haritalari
Figure 2. Heat maps of milk components for subgroup averages of floor type (A), milking time (B), period (C) and period-floor (D)
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SHS’nin zemin tipinden etkilenmedigi gozlenirken (p>0.05), laktasyon dénemi X sagdim zamani
bakimindan belirlenen farkhliklarin énemli oldugu (p<0.05) tespit edilmistir. Sabah sagimlarinda, SHS
bakimindan en yiksek degerler laktasyonun ortasi ve sonunda saptanmis olup bu dénemlerde SHS’nin
diger aylardan farkinin istatistik olarak dnemlidir (p<0.05). Aksam sagimlarinda ise, SHS'nin laktasyon
doneminin sonunda en yiksek oldugu, bu donemdeki farkliliklarin diger dénemlere goére 6nemli
bulunmustur (p<0.05). Laktasyon donemlerinde, sabah ve aksam sadece laktasyonun son 2 déneminde
sabah sagiminda bulunan SHS’nin aksam sagimina nazaran farki 6nemli (p<0.05), diger dénemlerde ise
onemli degildir (Cizelge 4).

Cizelge 4. Akkecilerin SHS sayilarina (x10%) iligkin en kiicuk kareler ortalamasi ve standart hatalari (EKO + SH)
Table 4. Least means square and standart errors (LSM+SE) of SCC (x10°) of Akkeci goats

LD Izgara Kauguk Beton Genel
Sabah Aksam Sabah Aksam Sabah Aksam Sabah Aksam
3  1.32+0.273 1.49+0.318 0.88+0.034  0.99+0.084  0.83+0.074  1.10+0.199 0.98+0.098“®  1.18+0.130%
4  1.33+0.064 1.37#0.102 2.30+1.287  2.69+1.020  1.22+0.132  1.32+0.127 1.54+0.340" 1.71+0.311%
5 0.79+0.149 1.32+0.254 1.28+0.110  1.84+0.045 1.25+0.107  1.58+0.129 1.13+0.091° 1.58+0.10%°
6 1.29+0.237 1.77+0.227 1.30+0.200 1.77+0.143  1.41+0.160  2.05+0.326 1.35+0.101" 1.90+0.159"°

1.33+0.083 1.63+0.214 1.34+0.077

A, B, C: incelenen dénemler arasindaki farklilik istatistik olarak énemlidir (p<0.05).

a, b: Olgiim zamanlari arasindaki farklilik istatistik olarak énemlidir (p<0.05).

SHS, st bilesenleri, Irk, laktasyon sirasi, laktasyon donemi, dogum tipi ve sagim sekli vb.
faktorlerden etkilenmektedir. Hayvanlarda SHS’nin artisi yalnizca meme saghgini degil sut verimi,
bilesimini ve dolayisiyla sutin islenme sirecini de etkilemektedir. SHS yuksekligi, ineklerde mastitis ile
iligkili iken kecilerde bu durum gecerli degildir. Kecilerde apokrin sistem sitoplazmik partikilleri (DNA
iceren) ve hiicre pargalari 6zellikle laktasyonun sonuna dogru normalden daha fazla olmaktadir (Cedden
et al.,, 2002). Bu durum da, diger memeli sutlerine gore keci sttinin SHS’Inin daha yiuksek olmasina
neden olmaktadir. Bu ¢alismada da, laktasyon doneminin SHS lzerine etkili oldugu ve son dénemde
SHS’nin arttiy1 gézlenmistir. Calismada elde edilen degerler, SHS bakimindan literatiirde bildirilen birgcok
¢alismadan disik bulunmustur (Zeng & Escobar, 1995; Cedden et al., 2002; Kaya, 2005; Park, 2010;
Kaskous et al., 2023). Aksam sagimlarinda, sabah sagimlarina gore, 6zellikle son iki ddbneminde, SHS
daha yuksek bulunmustur (p<0.05). Akkecilerde Cedden et al. (2002) tarafindan yapilan ¢alismada da,
aksam sagimlarinda sabah sagimlarina gore daha yiksek SHS oldugu bildirilmistir.

SONUC

Arastirmadan elde edilen bulgular degerlendirildiginde, Akkegilerin laktasyon sit verimi, laktasyon
suresi, pH digindaki dider, sut bilesenleri ve SHS bakimindan zemin tipinin etkisi istatistik olarak énemli
bulunmamistir (p>0.05). Sonug olarak farkli zemin tiplerinin, Akkecilerde sit verimi ve bilesenleri tizerine
onemli bir etkisinin olmadidi gdézlenmis ancak zemin tipinin davranig, refah ve saglik vb. 6zelliklere etkileri
incelenerek yetistiricilere zemin tipinin tercihi konusunda 6nerilerde bulunulabilir.
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Ek 1. Akkegilerde siit yag oranlari (%) ve YKM (%) oranlarina ait en kiguk kareler ortalamasi ve standart hatalari (EKO + SH)

Appendix 1. Least means square and standart errors (LSMxSE) of milk fat ratios (%) and SNF (%) in Akkegci goats

Yag (%) YKM (%)
Dénem Sz Izgara Kauguk Beton LD x Sz Izgara Kauguk Beton LD x Sz
1 Sabah 3.3+1.12 3.2+0.23 2.9+0.14 3.10+0.278Ba 9.9+0.32 10.440.52 10.0+0.21 10.07+0.178Aa
Aksam 2.8+0.48 3.7+0.56 3.6+0.56 3.41+0.320 Ba 9.8+0.35 10.1+0.32 10.2+0.24 10.07+0.159Aa
Sabah 3.1+1.51 2.2+0.40 1.6+0.41 2.17+£0.454CDa 8.9+0.25 9.3+0.25 9.5+0.26 9.29+0.162BCa
2 Aksam 2.7£0.75 2.6+£0.98 2.3+0.18 2.50£0.304Ca 9.1+0.11 9.3+0.10 9.6+0.222 9.36+0.120Ba
Sabah 1.9+0.64 1.8+030 1.6+0.41 1.73+0.250Da 8.8+0.04 9.0+0.47 9.2+0.332 9.02+0.186Ca
3 Aksam 2.5+0.77 1.7+0.33 2.1+0.42 2.12+0.281Ca 9.0£0.03 9.3+0.30 9.1+0.23 9.05+0.121Ba
4 Sabah 3.3+0.52 2.9+0.63 3.0+0.33 3.03+0.241BCa 8.9+0.09 9.4+0.25 9.4+0.13 9.26+0.107 BCa
Aksam 3.7+0.34 5.2+1.80 5.1+0.98 4.73+0.632Ab 9.0£0.17 8.8+0.24 9.4+0.22 9.15+0.144Ba
5 Sabah 4.7+0.59 4.9+1.80 4.6+0.88 4.72+0.579Aa 9.3+0.09 8.9+0.32 9.11+0.15 9.10£0.113Ca
Aksam 4.0+0.55 6.1+1.61 4.8+0.42 4.91+0.503Aa 9.4+0.08 8.7+0.13 9.0+0.19 9.05+0.121Ba
Sabah 4.9+0.80 5.0+£1.59 5.8+0.97 5.32+0.601Aa 10.0+0.27 9.1+0.20 9.8+0.2 9.63+£0.151Ba
® Aksam 5.0+0.27 4.1+0.14 5.1+0.48 4.80+0.253Aa 9.74+0.25 9.2+0.07 9.4+0.07 9.41+0.089Ba
Zemin 3.50+0.244 3.62+0.346 3.53+0.240 9.32+0.085 9.27+0.106 9.47+0.072

LD: Laktasyon Dénemi, SZ: Sagim Zamani, Y: Yag, YKM: Yagsiz Kuru Madde

A, B, C, D: Her bir sagim zamaninda incelenen doénemler arasindaki farkliliklari ifade eder (p<0.05).

a, b: Her bir Laktasyon déneminde, sagim zamanlari arasindaki farkliliklari ifade eder (p<0.05).

EKO: En Kugik Kareler Ortalamasi, SH: Standart Hata
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Ek 2. Akkegcilerde sutteki protein (%), laktoz (%), donma noktasi ‘o), yogunluk (kg/m®), elektriksel iletkenlik (uS/cm) ve pH degerlerine ait en kiigik kareler ortalamasi ve standart hatalar (EKO + SH)

Appendix 2. Least means square and standart errors (LSM+SE) of protein (%), lactose (%), freezing point (°C), density (kg/m°), electrical conductivity (uS/cm) and pH values in Akkegi goats

) Dénem 1 2 3 4 5 6
Bileig:ﬂeri Sz Sabah Aksam Sabah Aksam Sabah Aksam Sabah Aksam Sabah Aksam Sabah Aksam
Zemin Zemin
lzgara  3.6+0.12 3.6+0.14 3.2+0.09 3.3+0.06 3.2+0.00 3.3+0.02 3.2+0.03 3.3+0.06 3.4+0.04 3.4+0.04 3.6+0.09 3.5+0.10 3.38+0.031
Protein (%) Kauguk 3.8+0.18 3.740.14 3.4+0.09 3.4+0.03 3.3+0.19 3.3+0.10 3.4+0.09 3.2+0.09 3.2+0.11 3.2+0.03 3.2+0.08 3.3+0.03  3.36+0.039
Beton  3.6+0.07 3.7#0.09 3.5+0.09 3.5+0.10 3.3+0.13 3.3+0.08  3.4+0.05 3.4+0.08 3.3+0.05 3.3+0.06 3.5+0.06 3.4+0.03  3.44+0.026
Dénem 3.66+0.043A 3.39+0.036BC 3.29+0.041C 3.46+0.033BC 3.28+0.029C 3.46+0.032B
lzgara 5.4+0.18 5.4+0.19 4.9+0.12 5.0+0.06 4.8+0.02 4.9+0.02 4.9+0.06 4.9+0.08 5.1+0.06 5.2+0.04 5.5+0.15 5.3+0.14 5.10+0.046
Laktoz (%) Kauguk 5.7+0.28 5.5+0.17 5.1+0.14 5.0+0.02 4.9+0.27 4.9+0.17 5.2+0.13 4.8+0.12 4.9+0.17 4.8+0.08 5.0+0.12 5.0+0.03 5.07+0.058
Beton 5.5+0.10 5.6+0.14 5.2+0.14 5.3+0.12 5.0+0.18 4.9+0.12 5.1+0.08 5.1+0.12 5.0+0.08 5.0+0.10 5.3+0.12 5.1+0.03 5.18+0.039
D6nem 5.51+0.064A 5.10+0.053BC 4.95+0.061C 5.04+0.047 BC 4.97+0.044C 5.20+0.049B
Izgara  -0.6+0.03 -0.6+0.03 -0.6+0.02 -0.6+0.01 -0.6+0.01 -0.6£0.01 -0.6+0.01 -0.6+0.01 -0.6+0.01 -0.6+0.01 -0.6+0.02 -0.6+0.02 -0.60+0.007
Donma Kauguk -0.7+0.04 -0.7+0.03 -0.6+0.02 -0.6+0.01 -0.6+0.04 -0.6£0.02 -0.6+0.02 -0.6+0.01 -0.6+0.02 -0.6+0.02 -0.6+0.03 -0.6+0.01 -0.60+0.008
Noktasi (°C) Beton  -0.6+0.01 -0.7+0.02 -0.6+0.02 -0.6+0.02 -0.6+0.02 -0.6£0.02 -0.6+0.01 -0.6+0.02 -0.6+0.02 -0.6+0.01 -0.6+0.02 -0.6+0.00 -0.61+0.005
Dénem -0.65+0.009 D -0.59+0.007 B -0.57+0.007 A -0.60+0.006 B -0.59+0.006 B -0.63+0.008 C
lzgara  33.6£0.86 33.6+0.97 30.2+1.19 31.1+0.29 30.5+0.19 30.9+0.37 30.3+0.11 30.24+0.37 31.2+0.42 31.840.11 33.5+1.09 32.2+1.01 31.64+0.273
Yogunluk (kg/ms) Kauguk 35.5+1.83 34.0+1.01 32.1+0.75 31.8+0.55 31.1+1.60 31.4+1.03 32.4+0.65 29.3+1.54 29.5+1.65 28.5+0.48 30.4+0.39 30.9+0.23 31.43+0.416
Beton 34.2+0.71 34.9+0.87 33.241.03 33.0+0.88 1032.0+1.33 31.4+0.94 32.0+0.55 31.4+0.99 30.4+0.35 30.2+0.64 32.1+0.53 31.1+0.41 32.15+0.277
Dénem 34.38+0.388A 32.12+0.398B 31.31+0.417BC 31.09+0.377BC 30.29+0.329C 31.70+0.304B
lzgara 5.330.04 5.3+0.07 5.3+0.01 5.3+0.00 5.3+0.03 5.0+0.33 4.6+0.33 4.3x0.01 4.4+0.10 4.3+0.03 5.0+0.33 4.6+0.33 4.90+0.081
ﬁ'ei’tter:l(iie' Kauguk 5.3+0.04 5.3+0.05 5.3+0.01 5.3+0.00 5.0+0.31 5.0+0.30 4.6+0.33 4.7+0.37 5.5+0.17 4.5+0.21 4.7+0.37 4.3+0.00 4.96+0.084
(uS/cm) Beton  5.3+0.03 5.3+0.00 5.3+0.02 5.2+0.14 5.1+0.20 4.810.24 4.8£0.22 4.910.25 4.8+0.23 4.6+0.31 4.9+0.25 4.5+0.20 4.96+0.062
D6nem 5.30+0.016 A 5.28+0.031 A 5.00+0.097 B 4.69+0.105 C 4.71+0.114 C 4.67+0.106 C
Izgara 6.7£t0.01 6.740.08 6.7+0.03 6.7+0.02 67+0.06 6.7+0.07 6.7+0.04 6.7+0.05 6.7+t0.06 6.6+0.06 6.8+0.11 6.9+0.16 6.71+0.021B
oH Kauguk 6.8+0.03 6.8+0.05 6.9+0.10 6.8+0.10 6.7+0.04 6.8+0.09 6.7+0.03 6.7+0.01 6.8+t0.06 6.8t0.03 6.7+0.03 6.7+0.04 6.76+0.017B
Beton 6.9+0.03 6.940.04 6.9+0.03 6.9+0.06 6.8+0.05 6.7+0.03 6.8+0.11 7.0+0.18 7.0+0.10 6.9+0.06 7.0+0.10 6.8+0.04 6.87+0.032A
Dénem 6.81+0.020 6.84+0.028 6.73+0.020 6.78+0.051 6.81+0.038 6.81+0.039

SZ: Sagim Zamani

A, B, C, D: Her bir sagim zamaninda incelenen doénemler arasindaki farkliliklari ifade eder (p<0.05).
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0z

Amag: Samsun ili Vezirkdpri ilge sinirlan igerisinde 466.06 dekar alanda farkli
uydu goruntuleri (Triplesat, Landsat 8) kullanilarak elde edilen indis ve
reflektanslari ile toprak erozyon parametreleri (erozyon orani, dispersiyon orani,

striktur stabilitesi, kil orani, agregat stabilitesi ve toprak kabuk indeksi)
arasindaki iliskinin ortaya konulmasidir.

Materyal ve Yontem: Calisma alani igerisinden 100 x 100 m grid araliklarla
alinmis toplam 32 toprak Orneginde toprak erozyon duyarliliina yonelik
analizlerin yapilmasi, Triplesat ve Landsat uydu goéruntilerine ait indis ve
reflektanslarin elde edilmesi, analiz sonuglarinin uydu goéruntulerine ait indislerle
karsilastirimasi olmak Uzere i asamada gergeklestirilmistir.

Arastirma Bulgulari: Landsat uydu verilerinin Red, Green ve Blue bantlarindan
elde edilen reflektans degerleri ile erozyon orani arasindaki iligkiler Triplesat
uydusu reflektanslarina gore daha yiksek olarak belirlenmistir. Topraklarin
agregat stabilitesi ve kabuk orani ¢zellikleri ile indisler arasinda 6nemli seviyede
korelasyonlar elde edilmemistir. Erozyon orani ve dispersiyon orani ile indisler
arasinda daha yuksek pozitif yonli iligkiler belirlenmistir.

Sonug: Topraklarin agregat stabilitesi (AS) icerikleri ile Triplesat uydu
gorintilerinden elde edilen indislerde, erozyon oraninda ise Landsat uydu
goruntilerinden elde edilen indisler ile daha yiksek iliski icerisinde oldugu
gordimustar.

ABSTRACT

Objective: The relationship between the indices and reflectances obtained by
using different satellite images (Triplesat, Landsat 8), and soil erosion
parameters (erosion rate, dispersion rate, structure stability, clay ratio,
aggregate stability, and soil crust index) within the boundaries of Vezirképri
district of Samsun province. is to be revealed.

Material and Methods: It was carried out in three stages: analyzing soil erosion
sensitivity on a total of 32 soil samples taken at 100 x 100 m grid intervals from
the study area, obtaining indices and reflectances of Triplesat and Landsat
satellite images, and comparing the analysis results with the indices of satellite
images.”

Results: The correlations between the reflectance values obtained from the
Red, Green and Blue bands of the Landsat satellite data and the erosion rate
were determined to be higher than the reflectances of the Triplesat satellite. No
significant correlations were obtained between the aggregate stability and crust
ratio properties of the soils and the indices. Higher positive correlations were
determined between erosion rate and dispersion rate and indices.

Conclusion: It has been seen that the aggregate stability (AS) contents of the soils
are in a higher relationship with the indices obtained from Triplesat satellite images,
and the erosion rate is higher with the indices obtained from Landsat satellite
images.
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GiRIiS

Toprak partiklllerinin asinma, tasinma ve birikim olaylar sonucunda meydana gelen erozyon olayi,
dogal bir surectir (Das, 2008; Subramanya, 2008). Toprak erozyonu, verimli toprak katmaninin taginmasi
sonucu ortaya ¢ikan, dnemli arazi problemlerinden biridir. Jeomorfolojik siiregte bir problem teskil etmeyen
erozyon olayi; yanhs arazi kullanimi, bitki drtiisiine yapilan mudahaleler gibi insan kaynakli nedenlere bagl
olarak artmakta ve topragin zamanla geri dondurtlemez bigimde kaybolmasina neden olmaktadir. Toprak
erozyonu dogal gevrenin yani sira insanoglu Uzerindeki olumsuz etkileri sebebiyle, Diinya’da en kritik
cevresel kaygilardan birisi olarak kabul edilmektedir (Jie et al., 2002; Le Roux et al., 2008; Aiello et al.,
2015; Phinzi & Ngetar, 2017).

Bir alanin cografi konumu, iklim kosullari, topografya ve jeolojik yapisi o alanin erozyona karsi
hassasiyetini belirler. Ayrica ormansizlastirma ve madencilik gibi antropojenik faktorlerin etkisi ile bu
hassasiyetin hizlica ortaya ¢ikmasi kaginilmazdir (Mushi et al., 2019). Erozyon aslinda dogal bir siirectir
ancak hizlandiriimig faktorler ile meydana gelen erozyon geri dénusu olmayan kayiplara neden olmasinin
yaninda bitki drtisinin zayiflamasina, topragin verimliliginin kaybolmasi sebebi ile tarim ve hayvancilik
Uretiminde azalmaya ve kirsaldan kente gég¢l hizlandirmasi sebebi ile sosyo-ekonomik sorunlara da
neden olmaktadir (Anonymous, 2023).

Toprak erozyonu konusunda ¢okca arastirma ve inceleme yapilmig, zaman igerisinde kalitatif ve
kantitatif bircok yontem gelistiriimistir. Gelinen noktada belli kosullar ve etmenler bilindigi takdirde erozyon
miktarinin tahmini ve hesaplanmasi yolunda o6nemli bir asamaya ulasiimistir (Parlak vd., 2014).
Arastirmalara gore; topraklarin fiziksel 6zelliklerinin gelistiriimesi bitkiler i¢cin uygun ortam olusumu
saglamakta ve erozyon direncini arttirmaktadir (Turgut & Aksakal, 2010; Ozdemir vd., 2015; imamoglu &
Dengiz, 2020). Erozyon ile micadele kapsaminda topraklarin erozyona karsi direncini artiracak énemli
parametrelerden biri olan organik maddenin artigi, topragin striktirel yapisini iyilestirmesi sebebi ile takip
edilmesi gereken bir olgudur (Akalan, 1974; Oztirk & Ozdemir, 2020). Ayrica toprak 6zelliklerinden
striktur stabilite indeksi (Leo, 1963), dispersiyon orani, kil yizdesi (Bryan, 1968), erozyon orani (Bryan,
1968, Ngatunga et al., 1984) ve agregat stabilitesi (Miller & Baharrudin, 1987) gibi parametrelerin takibi
erozyon projeleri agisindan énem arz etmektedir (Oztiirk & Ozdemir, 2020). Etkili yonetim stratejilerinin
planlanmasi ve uygulanmasi icin toprak erozyonunun mekansal modelinin daha iyi anlagiimasi ve
erozyona hassas alanlarin belirlenmesi ¢ok 6nemlidir. Toprak erozyonu, basit deneysel modellerden
karmasik sureg¢ tabanli modellere kadar farkli tahmin modelleri ile ortaya konulabilmektedir. Bunun igin
uygun bir modelin secgimi, mevcut verilere ve hedeflenen amaca baghdir (Kebede vd., 2021). Topraklarin
agregat buyuklik dagilimlari ve stabilite analizi gibi dlgimler fiziksel 6zellikler olsa da toprak kalite
gbstergesi olarak kabul edilmekte ve bu 6lcimler agregatlarda bozulmayi olusturan cevresel etmenlere
karsi direncin belirlenmesinde 6nemli parametre olarak kullaniimaktadir (Eraslan vd., 2016).

Uzaktan algilama ve cografi bilgi sistemi (CBS) teknikleri, toprak erozyonu ve arazi kullanim
degisikliginin belirlenmesine ydnelik calismalarda yaygin olarak kullaniimaktadir (Senanayake et al., 2020;
Fenta et al.,, 2021). Uzaktan Algilama (UA) yontemleri kullanilarak elde edilen veriler, sirdirilebilir gida
uretimi amaciyla, tarimsal arazi yonetiminde uzun vadeli degisiklikleri izlemek igin faydali bilgiler saglar
(Senanayake et al., 2022). Ozellikle son yillarda bitki ortiisiine yoénelik indeksleri iceren goérintii
siniflandirma teknikleri toprak erozyon galismalarinda siklikla kullaniimaktadir (Mathieu et al, 1997; Singh,
2004; Phinzi & Ngetar, 2017). Bu parametrelerden erozyon calismalarinda yaygin olarak kullanilani
Normallestiriimis Fark Bitki Ortlisii indeksi (NDVI)'dir (Vaidyanathan et al., 2002; Li et al., 2010; Seutloali et
al., 2017). NDVI'in bitki 6rtlistiniin olmayan faktorlere karsi duyarlihdini disirmek igin gesitli modifikasyonlar
yapiimistir. Toprak erozyon galismalarinda da siklikla kullanilan bu indisler SAVI (Huete, 1988) ve SARVI
(Soil and Atmospherically Resistant Vegetation Index)'dir (Huete & Liu,1994). Gelisen teknoloji ve CBS
araglarinin aktif olarak kullaniimasi ile birlikte farkli ¢ozundrlikte ve Ozellikte gesitli uydu goéruntileri
kullanilarak, UA teknikleri ile birlikte arazi kullanim durumlari daha dogru olarak saptanmaktadir. Bu durum
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modelleme c¢alismalarina hiz kazandirmis ve ICONA, LEAM, RUSLE gibi birgok toprak erozyon modelleri ile
erozyon c¢alismalari yuratilmusttr (Bayramin vd., 2003; Karas vd., 2009; Dengiz vd., 2014; Kanar & Dengiz,
2015; Ozdemir & Dénmez, 2016; Koirala et al., 2019; Allafta & Opp., 2022).

Samsun ili Vezirképru ilge sinirlar igerisinde 466.06 dekar alanda ydrutilen bu ¢alismanin amaci;
farkl uydu goérintuleri (Triplesat, Landsat 8) kullanilarak elde edilen indis ve reflektanslari ile toprak
erozyon parametreleri (erozyon orani, dispersiyon orani, striktlr stabilitesi, kil orani, agregat stabilitesi ve
toprak kabuk indeksi) arasindaki iligkinin ortaya konulmasidir. Bu c¢alismanin 6zgin yonu farkh
¢ozunurlukteki iki uydu verisinden elde edilen indislerin birlikte karsilastiriimasidir.

MATERYAL ve YONTEM
Materyal
Calisma alani

Calisma alani Samsun ilinin Vezirkopri ilge sinirlari icerisinde yer almaktadir. Vezirkdpri ilgesinin
kuzey dogusunda yer alan ¢alisma alaninin toplam blyUkligld 466.06 dekardir (Sekil 1). Calisma alani
kiyl kusagina ait nemli ve ihman iklim ile karasal iklim tipi arasinda gecis kusaginin nemlilik 6zelliklerini
yansitmaktadir. Kis aylari kiyi kesime kiyasla daha soguk (Ocak ayi ortalama sicaklik 2.5°C.), yaz aylari
ise daha sicak gecmektedir. (Agustos ayi sicaklik ortalamasi 22.3°C). Calisma alaninin uzun yillk
ortalamalara gore yillik yagis miktari 527 mm’dir (Ugurlu, 2021).

TURKIYE R

g

KARADENIZ

Y

Sekil 1. Calisma alani lokasyon haritasi.

Figure 1. Study area location map.

Calisma alani igerisinde 100100 m grid araliklarla toplam 32 6rnek alinmis ve analize tabi
tutulmustur. Topraklar laboratuvara getirilerek hava kuru hale gelinceye kadar kurutulmus, analize hazir
hale getirilmistir. Calisma alanina ait toprak érneklemesi Sekil 2’de verilmistir.

503



Saygin vd.

\ 20

\
A
\
\

\Study Area i
| Sample Points

" .Border

718000 71!20 718400
Sekil 2. Calisma alani igerisinden alinan toprak érnekleme noktalari.

Figure 2. Soil sampling points taken from the study area.

Uydu gdéruntaleri

Calismaya ait indis verilerinin elde edilmesinde Triplesat ve Landsat 8 OLI uydu gorintileri
kullaniimistir. Triplesat ve Landsat 8 gorintu tarihleri sirasi ile 04.06.2018 ve 14.06.2018’dir. Triplesat uydu
goruntisinun pankromatik ve multispektral olmak tizere toplamda 5 adet bandi bulunmaktadir. Bu bantlarin
konumsal ¢ézundrllkleri sirasiyla 0.8 ve 3.2 metredir. Triplesat uydu goruntisundn serit genisligi 23.4 km
olup zamansal ¢ézunurliga 97.7 dk’dir. Landsat 8 OLI uydusu 2013 yilindan beri veri saglamaktadir.
Pankromatik, multispektral ve termal olmak Uzere toplamda 11 adet bandi bulunmaktadir. Bu bantlarin
konumsal ¢ézindrlikleri sirasiyla 15, 30 ve 100 metredir. Termal bantlar 12 bit ve diger bantlar 8 bit
radyometrik ¢ézunurlige sahiptir. Uydu gorintilerine ait teknik 6zellikler Cizelge 1°de gosterilmistir.

Cizelge 1. Landsat 8 OLI ve Triplesat uydu goriinti 6zellikleri

Table 1. Landsat 8 OLI and Triplesat satellite image specifications

Triplesat Satellite Image

Bands  Electromagnetic area Wave lengt (nm) Spatial resolution (m)
B1 Blue (B) 440 - 510 3.2
B2 Green (G) 510 - 590 3.2
B3 Red (R) 600 — 670 3.2
B4 Near Infrared (NIR) 760 - 910 3.2
B5 Panchromatic - 0.8
Landsat 8 OLI Image

B2 Mavi (B) 450 - 515 30
B3 Yesil (G) 525 — 600 30
B4 Kirmizi (R) 630 — 680 30
B5 Yakin kizil étesi (NIR) 845 — 885 30
B6 Kisa dalga kizil étesi (SWIR 1) 1560 — 1660 30
B7 Kisa dalga kizil étesi (SWIR 2) 2100 — 2300 30
B8 Siyah-Beyaz (Pankromatik) 500 - 680 15

Yontem

Calisma toprak orneklerinin analizi, uydu gérintilerinin islenmesi ve toprak erozyon parametreleri ile
uydu goérintilerinden elde edilen indis degerleri arasindaki iligkinin belirlenmesi olarak gergeklestirilmistir.
Calismanin akis semasi Sekil 3’ te verilmigtir.
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[ Toprak erodobilite analizlerinin gerceklestirilmesi ]
‘ Uydu Goriintiilerinin islenmesi ile indislerin belirlenmesi ]

[ Parametreler arasindaki korelasyon iligkisinin belirlenmesi ]

Sekil 3. Yonteme ait is akis semasi.

Figure 3. Work flow chart of the method.

Alinan toprak 6rneklerinde Agregat Stabilitesi (Kemper & Rosenau, 1986), Kil Orani (Ozdemir,
2002), Erozyon Orani (Lal & Elliot; 1994), Dispersiyon Orani (Lal, 1994), Striiktiir Stabilite indeksi (Leo,
1963) ve Toprak Kabuk Olugumu (Pieri, 1989) analizleri yapiimigtir.

Landsat 8 OLI ve Triplesat uydu gorintilerinin atmosferik ve radyometrik dizeltmeleri
gerceklestirilerek her bandina ait reflektans gortntiler elde edilmistir. Reflektans gorintiler Gizerinden érnek
noktalara ait her bir bandin reflektans degerleri elde edilmistir. Reflektans degerleri kullanilarak Landsat 8
OLI ve Triplesat uydu gorintisine ait reflektans gorintileri kullanilarak Atmospherically Resistant
Vegetation Index (ARVI), Normalized Difference Vegetation Index (NDVI), Radar Vegetation Index (RVI),
Difference Vegetation Index (DVI), Soil Adjusted Vegetation Index (SAVI) indis dederleri hesaplanmistir.

Toprak o6zellikleri ile indis ve reflektans degerleri arasindaki korelasyon matrisi R CORE
programinda “METAN” (Olivoto & Lucio, 2020) paketi kullanilarak elde edilmistir.

ARASTIRMA SONUCLARI ve TARTISMA

Toprak dzellikleri

Calisma alanindan alinan toprak érneklerinde gergeklestirilen analizlere yénelik tanimlayici istatistik
bilgileri Cizelge 2’ de belirtiimigtir.

Cizelge 2. Toprak 6zelliklerinin tanimlayici istatistikleri

Table 2. Descriptive statistics of soil properties

Standart Varyasyon

Ozellikler ~ Ortalama Sapma Katsayisi

Minimum Maksimum Carpiklik  Basiklk

Kum % 34.26 7.64 22.31 21.52 60.01 1.33 3.26
Silt % 37.29 6.74 18.07 19.65 49.37 -0.50 0.34
Kil % 28.45 4.47 15.72 20.34 41.37 1.14 2.32
TK % 30.49 6.49 21.29 20.85 42.21 0.06 -1.27
SN % 18.23 4.83 26.50 9.19 26.71 -0.00 -0.97
pH 7.83 0.21 2.71 7.50 8.46 0.99 1.15
EC ds/m 655.00  733.00 112.00 136.00 2478.00 1.83 1.73
OM % 2.55 1.50 58.57 0.40 5.91 0.91 -0.01
CaCOsz % 15.55 10.23 65.79 1.75 39.71 1.08 0.30
AS % 52.71 18.01 34.17 14.86 84.93 -0.53 -0.31
DO % 13.30 7.06 53.05 4.84 32.70 1.03 0.42
EO % 11.06 6.84 61.85 4.42 30.73 1.50 1.46
KO 1.79 0.62 34.88 1.03 4.09 1.91 5.05
Ssi 32.92 9.89 30.03 17.68 52.53 0.17 -1.06
TKI 3.87 2.20 56.71 0.65 8.43 0.80 -0.32

OM:Organik Madde, AS: Agregat Stabilitesi, DO: Dispersiyon Orani EO: Erozyon Orani, KO: Kil Orani, SSI: Striiktiir Stabilite indeksi,
TKI: Toprak Kabuk indeksi, TK: Tarla Kapasitesi, SN: Solma Noktasi, EC: Elektriksel iletkenlik, CaCO3: Esdeger Kireg Icerigi,
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Wilding (1985), toprak 6zelliklerindeki degisimlerin agiklanmasinda dnemli bir gésterge olarak kabul
edilen degiskenlik katsayisini, aldigi degerlere gore dusik (<%15), orta (%15-35) ve yiksek (>%35)
olarak siniflandirmaktadir (Mallants et al., 1996). Bu ¢alismada pH'nin degiskenlik katsayisi disuk, kum,
silt, kil, TK, SN, AS, KO ve SSI orta derecede degiskenlik 6zelligine sahip iken, EC, OM, CaCO; ve EO
yuksek degiskenlik 6zellikleri gdstermektedir.

Calisma alani igerisinden alinan toprak Orneklerinde kum, silt ve kil igerikleri sirasiyla %21.52-
60.01, 9%19.65-49.37, %20.34-41.37 arasinda degiskenlik gostermektedir. Calisma alani igerisinden
alinan topraklarin organik madde kapsamlari ortalama %2.55 olarak orta dizeyde belirlenmistir. Organik
madde igerigi; topraklarin verimlilik parametrelerine etkisinin yani sira, topragin fiziksel 6zellikleri olan
agregat olusumu ve dayanikhhdi UGzerinde 6nemli dizeyde etkiye sahiptir (Saygin vd., 2019). Alan
icerisindeki topraklarin pH igerikleri 7.50-8.46 arasinda degismekte olup, hafif alkali reaksiyon
gOstermektedir. Topraklarin CaCOs; igerikleri ise ortalama %15.55 olarak belirlenmigtir.

Agregat stabilitesi toprak koruma uygulamalarinin ve cevresel fonksiyonlarin surdurulebilirligi
agisindan temel faktorlerden bir tanesidir (Hanke & Dick, 2017). Bagka bir ifade ile toprak agregatlarinin
suya karsi dayanikliiginin belirlenmesinde kullanilan agregat stabilitesi (Ozdemir vd., 2015) ¢alisma alani
topraklarinda %14.86-84.93 arasinda degismekte olup, ortalama %52.71 olarak belirlenmistir.

Suspansiyonda dispers ediimeden odlcllen %silt+kil degerinin, mekanik analizde olgllen %silt+kil
degerine oranlanmasiyla hesaplanan dispersiyon orani (Lal, 1988), 15’in altinda belirlenen topraklarin
erozyona kargl dayanikh, 15’in Uzerinde oldugu topraklarda ise erozyona karsi dayaniksiz olduklar ifade
edilmektedir. Bu ¢calismada dispersiyon orani degerleri %4.84- 32.70 arasinda degismekte ve bu topraklarin
bir kisminin erozyona ugrama egiliminde oldugu belirlenmistir. Alaboz vd. (2021) yari kurak iklim kosullarinda
toprak erozyon duyarlilik parametreleri ve bazi toprak o6zellikleri arasindaki iligkiyi belilemeye yonelik
yuritmus olduklari ¢alismada AS sonuglarini %60.56-80.32 ve DO sonuglarinin ise %24.45-44.26 arasinda
oldugunu belirlemiglerdir. Genellikle kil orani kuglldikge topraklarin erozyona kargi dayaniklihginin arttig
ifade edilmektedir (Irmak, 1968; Gulcur, 1974; S6nmez, 1994). Bu ¢alisma kapsaminda kil orani ortalama
1.79 olarak tespit edilmigtir. Celilov & Dengiz (2019) ligaz Milli parki topraklarinda erozyon duyarlik
parametrelerinin farkli enterpolasyon yontemi ile konumsal dagilimlarini belirlemeye yonelik ylritmas
olduklari gcalismada; DO ve KO degerlerini sirasiyla %8.73-% 70.64, 1.20-23.49 arasinda bulmuslardir.

Topraklarin erozyona kargi dayanikliliginin ifade edilmesinde kullanilan erozyon orani analizinde ise,
oran degeri kuglldilkge erozyona ugrama egilimi azalmaktadir (Ozdemir vd., 2015). Bu deger %10’dan
kiiglk olan topraklar erozyona karsi direncli olarak kabul edilmektedir (Lal, 1988). Topraklarin erozyon orani
%4.42-30.73 ortalama %11.06 olup, alan genellikle erozyona karsi hassasiyet gdstermektedir.

Striktur stabilite indeksinde (SSI) elde edilen deger blyidikce erozyona ugrama egilimi
azalmaktadir. SSI degerinin %40 altinda oldugu topraklarda erozyona duyarlliginin yiksek oldugu ifade
edilmektedir (Leo, 1963; Askin, 1997). Buna gore ¢alisma alani topraklarindan elde edilen ortalama %
32.92 olarak bulunmus olup, erozyona karsi dayanikhhidin distuk oldugu belirlenmigtir. Karagdktas &
Yakupoglu (2014) tarafindan erozyon arastirma sahasina donustirilmesi planlanan bir alanda
asinabilirlik ve toprak o6zellikleri arasindaki iligkilerin incelendigi ¢calismada; SSI degerleri %41.0-77.1
arasinda tespit edilmistir.

Toprakta gegirimsiz tabaka olusturmasi ile infiltrasyona direkt etki eden toprak kabuk indeks degerleri
0.65-8.43 arasinda degismekte olup, ortalama 3.87'dir. Buna gore ¢alisma alani topraklarinin bir kisminin
cok siddetli fiziksel bozuluma sahip oldugu belirlenmistir. imamoglu vd. (2019) farkh toprak 6zelliklerini
dikkate alarak yapmis olduklari calismada toprak kabuk olusumu degerini 1.40 ile 89.70 arasinda
belirleyerek, alanin bir kisminin kabuk olusumu agisindan yiksek dizeyde oldugunu ifade etmigtir.

incelenen ézellikler arasinda TK, SN, Silt ve SSI normale en yakin dagilim kum, kil, EC, EO ve KO
ise normalden en uzak dagihmi sergilemistir.
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indis ve Reflektanslar ile Erozyon paramatreleri arasindaki iligkiler

Toprak erozyon duyarlilik parametreleri ile Landsat ve Triplesat uydu verilerinden elde edilen
reflektanslar arasindaki korelasyon matrisleri Sekil 2 ve 3'te belirtiimistir. Topraklarin striktir stabilite
indeksi degerleri ile Landsat uydu verilerinin Red, Green ve Blue bantlarindan elde edilen reflektans
degerleri arasinda istatistik olarak énemli, pozitif distk seviyede korelasyonlar elde edilmistir (r: 0.4, 0.38,
0.39; p<0.05) (Sekil 4). NIR bandi ile arasinda bir korelasyon belirlenememistir. Agregat stabilitesi ile
reflektanslar arasinda 6nemli bir iligki tespit edilmemistir. Fakat NIR bandi ile elde edilen reflektans
degerleri AS ile digerlerine gore daha ylksek negatif yonli bir iligski sergilemistir. Benzer durum kabuk
oraninda da gd6zlenmigtir. Dispersiyon oraninda ise reflektans degerleri ile énemli korelasyonlar
belirlenememigken, en ylksek korelasyon NIR bandi ile pozitif yonli olarak degerlendirilmistir. Erozyon
orani ile Red, Green ve Blue bantlari arasinda istatistiksel olarak énemli olmayan negatif yonli zayif bir

korelasyon tespit edilmigtir.
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Sekil 4. Landsat uydu verilerinden elde edilen reflektans ve erozyon duyarlilik parametreleri arasindaki korelasyon matrisi.

Figure 4. Correlation matrix between reflectance and erosion susceptibility parameters obtained from Landsat satellite data.

Triplesat verilerinden elde edilen reflektans ve erozyon duyarlilik parametreleri arasindaki
korelasyon matrisleri incelendiginde (Sekil 5) erozyon duyarlilik parametrelerinden dispersiyon orani ve
erozyon orani ile NIR bandi reflektanslari arasinda istatistiksel olarak 6énemli seviyede pozitif yonla
korelasyonlar tespit edilmistir (r: 0.39, 0.37; p<0.05). Diger erozyon duyarlilik parametreleri ile bant
reflektanslari arasinda onemli seviyede iligskiler elde edilmemistir. Landsat ve Triplesat bantlarinin
reflektans degerleri ile toprak Ozelliklerinin korelasyonlari karsilastirildiginda; Triplesat uydu verilerinden
elde edilen NIR reflektansi ile dispersiyon orani, kabuk orani, erozyon orani ve agregat stabilitesi daha
yuksek seviyede korelasyon sergilemistir. Topraklarin striktlr stabilitesi ise Landsat uydu verilerinden
elde edilen reflektans degerleri ile daha yliksek bir iligki tespit edilmistir. Ayrica Landsat uydu verilerinin
Red, Green ve Blue bantlarindan elde edilen reflektans degerleri ile erozyon orani arasindaki iliskiler
Triplesat uydusu reflektanslarina gére daha yliksek olarak belirlenmistir.
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Sekil 5. Triplesat verilerinden elde edilen reflektans ve erozyon duyarlilik parametreleri arasindaki korelasyon matrisi.

Figure 5. Correlation matrix between reflectance and erosion susceptibility parameters from triplesat data.

Toprak erozyon duyarlilik parametreleri ile Landsat ve Triplesat uydu verilerinden elde edilen indisler
arasindaki korelasyon matrisleri Sekil 4 ve 5'te belirtilmistir. Topraklarin striktir stabilite indeksi ile Landsat
uydu verilerinden elde edilen SAVI, RVI, NDVI ve ARVI indisleri arasinda negatif yonlu istatistiksel olarak
onemli korelasyonlar belirlenirken (r:-0.4, -0.41, 0.41, 0.41; p <0.05), (Sekil 6). DVI indisi ile yine pozitif yonli
fakat istatistiksel olarak énemli olmayan bir iliski tespit edilmistir. Topraklarin agregat stabilitesi ve kabuk
orani 6zellikleri ile indisler arasinda 6nemli seviyede korelasyonlar elde edilmemistir. Erozyon orani ve
dispersiyon orani ile indisler arasinda daha yiksek pozitif yonli iligkiler belirlenmistir. RVI indisi ile
topraklarin erozyon orani arasinda pozitif yonlu istatistiksel olarak énemli seviyede korelasyon bulunmustur
(r: 0.39; p<0.05). Agregat stabilitesi toprakta suyun hareketini etkileyen (Kunhikrishnan et al., 2012), organik
karbonun depolanmasi ve stabilize edilmesini (KodeSova et al., 2008) saglayan katkilari nedeniyle, topragin
korunmasi ve gevresel fonksiyonlarinin sirdirilmesinde temel faktorlerden birisidir (Hanke & Dizk, 2017).

Triplesat uydu verilerinden elde edilen indisler ile striktir stabilitesi ve agregat stabilitesi arasinda
negatif yonlu iligkiler tespit edilmistir. AS ile iliskiler Lansat uydu gérintUsindeki degerlere gbre daha yiksek
olarak tespit edilmigtir. Bunun sebebi ise yersel ¢6zUnUrligin daha yiksek olmasindan kaynaklanmaktadir.
Striktur stabilitesi ile DVI, NDVI ve SAVI indisleri arasinda istatistik olarak 6nemli, zayif korelasyon
belirlenmigtir (r:-0.4, -0.37, -0.37, -0.44; p<0.05). RVI ve ARVI indisleri ile SSI arasinda énemli seviyede
olmasa da dislk, negatif yonli korelasyonu elde edilmistir. Kabuk orani ile indeksler arasinda bir iligki
belirlenemezken dispersiyon orani ve erozyon oraninda distik istatistik olarak 6nemli olmayan korelasyonlar
elde edilmistir (Sekil 7). SAVI'nin, uzaktan algilama verilerinden Uretilen dinamik toprak-bitki o6rtlisu
sistemlerini tanimlayan 6nemli bir parametre oldugu belirtiimektedir (Huete, 1988). Phinzi & Ngetar (2017)
tarafindan Glney Afrika’nin Umzimvubu bélgesinde asiri derecede asinmis bir havzada Landsat 8 uydu
gorinttsu kullanilarak NDVI, SAVI ve SARVI vejetasyon indisleri ile toprak erozyonunun mekansal dagihmini
haritalamak ve vejetasyon indislerini dederlendirmek amaciyla yapilan calismada; toprak erozyonunun
mekansal dagilimini basaril bir sekilde haritalandirildigi ve SAVI igin 0.64, NDVI i¢in 0.60 ve SARVI i¢in 0.59
kappa degerleri elde edilmistir. Ayrica SAVI'nin havza seviyesinde toprak erozyonunun haritalanmasi
digerlerine gdre en uygun vejetasyon indisi oldugu calisma sonucunda elde edilmistir. Karaburun (2010),
NDVI degerlerini kullanarak erozyon hesaplarinda kullanilan C faktérinin hesaplanabilecegini belirtmistir.

508



Farkli uydu verilerinden elde edilen indeksler ile toprak erozyon parametreleri arasindaki iliskinin degerlendiriimesi

Pearson's
Correlation
- | RV
1.0 05 00 05 1.0
0.31 0.29 0.39 029 .29
i ER
0.21 0.22 0.31 018 018 pr
-0.02 022 008 01 015 005 008 rop

-0.35 -0.41 -0.41 -0.41
i ¢ sl

01 15 006 006 pg

o N SN i
L L
<

*p=0.05*p=001and**p

) SSI: Striiktiir Stabilite indeksi, CR: Kil orani, DR: Dispersiyon Orani, ER: Erozyon Orani, SAVI: Ayarlanmis Toprak Bitki
Indeksi, AS: Agregat Stabilitesi, DVI: Fark Bitki Indeksi, RVI: Oran Bitki Indeksi, NDVI: Normalize Edilmis Fark Bitki Ortlisu Indeksi,
ARVI: Atmosfere Dayanikli Bitki Ortlisii indeksi

Sekil 6. Landsat uydu verilerinden elde edilen indisler ile toprak erozyon duyarlilik parametreleri arasindaki korelasyon matrisleri.

Figure 6. Correlation matrices between indices obtained from Landsat satellite data and soil erosion susceptibility parameters.
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Sekil 7. Triplesat uydu verilerinden elde edilen indisler ile toprak erozyon duyarlilik parametreleri arasindaki korelasyon matrisleri.

Figure 7. Correlation matrices between indices obtained from Triplesat satellite data and soil erosion susceptibility parameters.
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SONUC

Samsun ilinin Vezirkopri ilgesinde yiritilen bu galismada farkh uydu goérintilerinden elde edilen
indis verileri ile topragin bazi erozyon parametreleri arasindaki iligkiler degerlendiriimistir. Calisma
sonucunda; Landsat ve Triplesat bantlarindan elde edilen indis ve reflektans degerleri ile toprak
Ozelliklerinin korelasyonlari karsilastirildiginda; striktir stabilitesi i¢in her iki uydu indislerinde benzer
korelasyonlar elde edilmistir. Ayrica kullanilan indislerden NDVI, SAVI ve ARVI’ nin toprak erozyonuna
karsi direng gosteren bazi toprak 6zelliklerini belilemede etkili oldugu goértlmustir. Bu indisler dikkate
alindiginda bitki yogunlugunun yiiksek oldugu alanlarda erozyon direncinin de yiiksek oldugu sdylenebilir.
Bu nedenle bitki 6rtiistiniin korunmasinin yaninda iyilestirimesine yénelik uygulamalar da gelistiriimelidir.
Topraklarin AS igerikleri ile Triplesat uydu gérintilerinden elde edilen indislerde, erozyon oraninda ise
Landsat uydu géruntilerinden elde edilen indisler ile daha yuksek iliskiler degerlendirilmistir. Kabuk orani,
erozyon orani ve dispersiyon orani ile her iki uydu verisinde benzer iligkiler tespit edilmistir.

Calisma uydu goéruntilerine ait indislerin toprak erozyonunun yoéninu belirlemede etkili bir parametre
olarak kullanilabilecegini gostermistir. Calisma sonucunda erozyon problemleri olan bélgelerin uydu gorintuleri
ve bazi toprak 6zelliklerini de kullanarak olusacak tehlikelerin 6nceden dnlenebilecedi degerlendiriimektedir.
Bununla birlikte cografi bilgi sistemleri ve uzaktan algilama uygulamalari, toprak erozyonun incelenmesi ve
yonunun belirlemesi agisindan her gecen gin dnemi artan bir uygulama haline gelmigtir.
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oz

Amag: Kuraklik, son yillarda artan iklim degisikliginin de etkisi ile su kaynaklari ve
tarimsal Uretimi olumsuz etkilemektedir. Bu g¢alismanin amaci, Tirkiye tarimsal
Uretiminin 6nemli bir kisminin gercgeklestirildigi Ege Bolgesinde Standart Yagis
Evapotranspirasyon Indeksi (SPEI) ile kurakligin zamansal ve mekansal
degisimini incelemektir.

Materyal ve Ydntem: Calismada Ege bdlgesinde bulunan 29 meteoroloji
istasyonuna ait 1975-2014 yillar arasindaki iklim parametreleri kullaniimistir. Aylk
toplam yagis ve referans evapotranspirasyon (ETo) degerleri kullanilarak farkli
zaman olgeklerinde (1, 3, 6, 12 ve 24 aylik) Standart Yagis Evapotranspirasyon
indisi (SPEI) degerleri elde edilmistir. Aylik ETo degerleri Penman-Monteith (FAO
56) yontemine gore hesaplanmistir.

Arastirma Bulgulan: Ege Bolgesi genelinde SPEI de@erlerine gore siddetli ve
cok siddetli kurakliklarin yasandigi gérilmustiir. Ozellikle 1989,1993, 2007, 2008,
2011 ve 2012 kurakliklarin yasandidi yillar olmustur. Ege Bolgesinde 2007-2008
yillan ¢ok siddetli kurakliklarin kaydedildigi yillar olmustur. SPEI degerlerinin uzun
zaman Olgeginde kurak periyotlari mekansal olarak daha belirgin tespit edebilme
potansiyeline sahip oldugu goérilmuistir. Uzun zaman Olgegindeki SPEI degerleri
kesintisiz uzun kurak donemlerin tanimlanmasinda daha vyararli sonuglar
uretirken, kisa zaman olgeklerinde ise kisa periyotlar halinde ve sayisal olarak
daha fazla kurak doénemler elde edilmigtir.

Sonug: SPEI, kuraklik riskine kargi tarimsal Uretimin ve su kaynaklarinin
planlanmasi, sosyo-ekonomik etkilerin en aza indirebilmesi igin karar vericilere
onemli bilgiler saglamaktadir.

ABSTRACT

Objective: Water resources and agricultural production are affected negatively by
drought with the effect of increasing climate change in recent years. The objective
of this study was to examine temporal and spatial distribution of the drought with
Standardized Precipitation Evapotranspiration Index (SPEI) in Aegean Region in
which is carried out a significant part of agricultural production of Turkiye.

Material and Methods: Climatic values between 1975 and 2014 of 29
meteorological stations were used in throughout Aegean Region. SPEI values
were obtained at different time scales (1, 3, 6, 12 and 24 months) by using
monthly total precipitation (P) and reference evapotranspiration (ETo). Monthly
ETo values were calculated according to Penman-Monteith (FAO 56) method.

Results: According to the SPEI values, severe and extreme droughts were
observed in the entire Aegean Region. Especially in 1989, 1993, 2007, 2008,
2011 and 2012 drought events were experienced. Extreme droughts were
recorded in 2007 and 2008. Thus, it has been observed that SPEI values have the
potential to determine spatially drought periods on a long-time scale. While SPEI
values at long time scales was produced more useful results to define
uninterrupted long drought periods, on the contrary, at shorter time scales it was
obtained drought events which are shorter periods and a greater number of them.

Conclusion: SPEI provides important information to decision makers in planning
agricultural production and water resources against the risk of drought and
minimizing socio-economic impacts.
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GiRIiS

iklim degisikligine bagli olarak artan sicakliklar, buharlasma ve terleme yolu ile daha fazla suyun
kullanilarak atmosferdeki su buharinin artigina ve yagislarda dizensizliklere neden olmaktadir. Bu durum
hem siddetli sellerin hem de daha uzun ve siddetli kurakliklarin yasanmasina yol agmaktadir (Feng et al.,

2013; Kumar, 2013; Milly & Dunne, 2016; Yesilirmak & Atatanir, 2016; Deng et al., 2018). Bu nedenlerle
yagislarin egilimi ve kuraklik analizi tarimsal Uretim ve su kaynaklarinin yénetimi icin dnemlidir.

Son yillarda su kaynaklarinin giderek azalmasi ile birlikte kuraklik, tim didnyanin en 6nemli
sorunlarindan biri haline gelmistir (Liu et al., 2021). Kuraklk, tarimsal, sosyo-ekonomik ve cevresel
etkilere yol acabilen, baslangici, sonu, siddeti ve slresinin belirlenmesi zor olan dogal olaylarin en
onemlilerindendir (Wilhite & Glantz, 1985; Wilhite, 1993; Vicente-Serrano et al., 2010). Kurakhk zamansal
ve mekansal dlcekte su kaynaklari, tarim, ¢evre, orman ve sosyo-ekonomik bakimdan negatif etkilere
sahip olup bircok sektoru etkilemektedir (Mishra & Singh, 2010; Spinoni et al., 2016; Mirgol et al., 2021).
Kurakligin siddetinin ve suresinin artmasi, su kaynaklarinda azalmanin hizlanmasini ve buna bagl su
kaynaklarinin yonetimini ve paylasimini daha sorunlu duruma getirmektedir (Mengi vd., 2011). Kurakligin
olusumuna gore sirasiyla; meteorolojik, tarimsal, hidrolojik ve sosyo-ekonomik olmak Uzere dort tirl
vardir (Wilhite & Glantz, 1985; Mengu vd., 2011; Laimighofer & Laaha, 2022). Kurakliklar temel olarak
yagislarin bilinen uzun yillik ortalamalarinin altina diusmesi ile baslar ve toprak nemi eksikligi,
evapotranspirasyon artisi, kar yagisi rejimindeki dizensizlikler gibi etmenlere bagimh olarak gelisir
(Wilhite & Glantz, 1985; Laimighofer & Laaha, 2022).

Meteorolojik kuraklik tarimsal kurakligin birincil nedeni olmakla birlikte, tarimsal kuraklik
donemleriyle birebir ortismesi beklenmez. Tarimsal kuraklik, meteorolojik kuraklik ve bu kurakhdin
bitkiler Gzerindeki etkilerini iliskilendiren kompleks bir olaydir. Tarimsal kuraklik, belirli bir zaman diliminde
toprak neminde olusan agik, bu agik nedeniyle evapotranspirasyonun azalmasi ve bunlara bagh olarak
Urtin veriminin azalmasidir (Wilhite & Glantz, 1985; Vermes,1998; Labedzki & Kanecka-Geszke, 2009).
Kurakhgin, havza su dagitimi, sulama suyu miktari ve tarim Gzerindeki etkilerinin daha iyi anlasilabilmesi
bakimindan, hidrolojik ¢evrimin ana unsurlari olan yagdis ve evapotranspirasyon egilimlerinin belirlenmesi
onemlidir (Mengu vd. 2019).

Uzun dénem mekansal ve zamansal kurakhk analizi; kuraklik egilimlerinin ortaya konmasi,
kurakliga karsi dogru yonetim planlarinin olusturulmasi, kuraklik etkilerinin azaltiimasi i¢cin dogru
planlama yapilmasi konusunda bilgi verir ve kurakhda kargi erken uyari sistemlerinin gelistirimesine katki
sunar (Vicente-Serrano et al., 2012a, b; Musei et al.,, 2021). Ayni zamanda havza yodnetimi ve su
taleplerinin planlanmasinda dnemli rol oynamaktadir (Deng et al., 2018).

Kuraklidin tanimlanmasi, siddeti ve suresinin ortaya konulmasi icin diinya genelinde bir¢ok kuraklik
indeksi gelistiriimigtir. Bunlardan en yaygin olarak kullanilani SPI'dir (Mckee et al., 1993; Mishra & Singh,
2010; Hayes et al., 2011; Laimighofer & Laaha, 2022). Lincoln deklarasyonunda, kurakligin izlenmesi ve
erken uyari sistemlerinin olusturulmasi konusunda 6zellikle tarimsal ve hidrolojik kurakligin tanimlanmasi
icin genis kapsamh bir indeks gelistirilmesi vurgulanmistir. (Hayes et al., 2011).

SPI hesaplamasi kolay ve farkli zaman 6lcekleri icin yapilsa da sadece aylik yagis verilerine dayal
oldugu icin kurakh@in etki ettigi bircok mekanizmayi tam agiklayamamaktadir. SPEI, Palmer Kuraklk Siddeti
indeksinin (PDSI) karmasik hesaplama yéntemi ve SPI''n sadece yagisa dayali olmasi gibi 6zelliklerine
kiyasla hem kolay hesaplanabilir olmasi hem de yagis ile birlikte evapotranspirasyona dayali olmasi
bakimindan daha avantajlidir (Vicente-Serrano et al., 2010; Vicente-Serrano 2012a, b; Li et al., 2019). Ayni
zamanda SPI gibi farkli zaman &lcekleri i¢in hesaplanabilmesi de kuraklik degisimlerini zaman boyutunda
daha iyi yansitabilmektedir (Vicente-Serrano et al., 2010). SPEI, farkh zaman olgeklerinde iklimsel su
dengesine bagli yagdis ve evapotranspirasyon arasindaki kimulatif farka dayal hesaplanmaktadir (Zhang et
al., 2015). SPEI farkh iklim kusaklarinda ve bdlgelerde kuraklik degerlendirmesi icin bircok galismada

516



Ege Bolgesinde Standart Yagis Evapotranspirasyon indeksi (SPEI) ile kuraklik degerlendirmesi

kullaniimistir (Vicente-Serrano et al., 2010; Potop et al., 2012; Ozgelik vd., 2012; Vicente-Serrano et al.,
2012a, b; Zhang et al., 2015; Wang et al., 2016; Gao et al., 2017; Zhao et al., 2017; Deng et al., 2018;
Mathbout et al., 2018; Ozcelik vd., 2019; Pei et al., 2020; Mirgol et al., 2021; Musei et al., 2021; Laimighofer
& Laaha, 2022).

Ege Bolgesi Tirkiye'nin bati kisminda yer almaktadir ve Ulkenin tarimsal Uretiminin énemli bir
kismini gergeklestirmektedir. Arastirma alanini da igine alan Akdeniz Havzasinda iklim degisikligi ve
kuraklik ciddi tehdit olusturmaktadir (Mengu vd., 2019). Ege Bdlgesinde tarimsal Uretim yapilan blyuk
ovalarda bu etkiler ile Griin deseninde degisiklikler yasanmaktadir.

Bu calismada, yari kurak iklim kugsaginda yer alan Ege Bdlgesindeki 29 meteoroloji istasyonundan
alinan 1975-2014 yillarina ait 40 yilhk iklim verileri ile 1, 3, 6, 12 ve 24 ayhk zaman olcekleri icin SPEI
degerleri hesaplanmistir. Elde edilen sonuglar ile Ege Bélgesi'nin de icinde yer aldigi yar kurak
bolgelerde SPEI ile kurakhdin belirlenmesi, kurakligin zamansal ve mekansal degisimlerinin irdelenmesi
bu ¢alismanin temel amacini olusturmustur. Ayni zamanda tarimsal agidan kuraklik erken uyari sistemleri
icin SPEI'in kullanim olanaklari da degerlendirilmigtir.

MATERYAL ve YONTEM
Calisma alani

Ege Bolgesi 36°16" - 39'54" Kuzey enlemleri ile 26 12"~ 31°44" Dodu boylamlari arasindadir. Bolge
daglar kiyiya dik uzandidi icin, girintili-gikintili yapiya sahiptir ve enine kiyi tipindedir. Kuzeyde Marmara
Bélgesi, doguda i¢c Anadolu Bélgesi, giineydoguda Akdeniz Bélgesi'ne komsu olan Ege Bélgesi, batida
Ege Denizi ile cevrilidir. Bakircay, Gediz, Kicik Menderes, Blylk Menderes baslica akarsularidir.
Calisma alani Sekil 1'de gdsterilmisgtir.

Ege Bolgesi genellikle yazlar sicak ve kurak, kiglari ilik ve yagisl olan Akdeniz ikliminin etkisi
altindadir. Ege Denizi kiyillari boyunca, tam bir Akdeniz yagis rejimi hakimdir. Yillk toplam yagis
ortalamalari 380-1164 mm arasinda degismekte olup, bodlgenin yillik ortalama toplam yagis miktari 632
mm’dir (1975-2014). En soduk ay, genellikle ocak ayi, en sicak ay ise temmuz ayidir (MGM, 2019).
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Sekil 1. Calisma alani.
Figure 1. Study area.

iklim verileri

Arastirmada, Ege Bolgesi'nde yer alan 29 meteoroloji istasyonundan (Cizelge 1) elde edilen 1975-
2014 yillarina ait 40 yilhk aylik bazda toplam yadis, ortalama, maksimum ve minimum sicaklik, oransal nem,
glineslenme siiresi ve riizgar hizi verileri kullaniimigtir (MGM, 2019). istasyona ait tiim veriler Winjgaard et al.
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(2003) tarafindan énerilen modele goére; Standart Normal Homojenlik Testi (Alexandersson, 1986), Buishand
Range Testi (Buishand, 1982), Pettitt Testi (Pettitt, 1979) ve Bartels Testi (Bartels, 1982) olmak lizere doért
farkl ydnteme goére homojenlik testine tabi tutulmustur. Tim veriler yapilan testlerde homojen bulunmustur.

Cizelge 1. Calisma alaninda bulunan meteoroloji istasyonlari ve 6zellikleri

Table 1. Climatic stations and their spesification in the study area

S'\;:)a ista,\s/,lg\r? No istasyon Adi Enlem Boylam Yu'éﬁqe)k“k
1 17796 Bolvadin 38.726517 31.046784 997
2 17752 Emirdag 39.009568 31.145661 987
3 17190 Afyon 38.737904 30.554277 1021
4 17234 Aydin 37.840239 27.837905 56
5 17232 Kusadasi 37.859741 27.265216 25
6 17860 Nazilli 37.913485 28.343658 84
7 17850 Sultanhisar 37.884253 28.150364 73
8 17824 Guney 38.151508 29.058709 825
9 17237 Denizli 37.762027 29.092075 425
10 17742 Bergama 39.109761 27.170973 53
11 17221 Cesme 38.303649 26.372437 5
12 17180 Dikili 39.073719 26.887984 3
13 17789 Menemen 38.623722 27.043259 10
14 17220 izmir 38.394873 27.081854 29
15 17750 Gediz 38.994715 29.400269 736
16 17155 Kitahya 39.417085 29.988148 976
17 17748 Simav 39.092493 28.978571 809
18 17704 Tavsanli 39.538193 29.493147 863
19 17184 Akhisar 38.911776 27.823285 92
20 17186 Manisa 38.615329 27.404940 71
21 17792 Salihli 38.483105 28.123418 111
22 17290 Bodrum 37.032839 27.439801 26
23 17297 Datca 36.708342 27.691873 28
24 17296 Fethiye 36.626611 29.123804 3
25 17924 Kdycegiz 36.970006 28.686868 24
26 17298 Marmaris 36.839541 28.245166 16
27 17292 Mugla 37.209486 28.366834 646
28 17884 Milas 37.302673 27.780375 57
29 17886 Yatagan 37.339542 28.136863 365

SPEI degerlerinin hesaplamasi

SPEI, yagis ve iklim verilerinin kombinasyonuna dayanan g¢oklu sayisal bir karaktere sahip, aylk
iklimsel su dengesinin (Di) farkli zaman 6lceklerindeki degisimini esas alan bir indekstir. SPEI hesaplama
prosedurd, i) Potansiyel/Referans evapotranspirasyonun (PET/ETo) hesaplanmasi (Esitlik 1), ii) Farkl
zaman Olgeklerinde iklimsel su dengesinin (Di) hesaplanmasi (Esitlik 2), iii) SPEI serisinin elde edilmesi
(Esitlik 3 ve 4), adimlarindan olugsmaktadir (Vicente-Serrano et al., 2010).

SPEI, farkli egitliklere gore hesaplanan PET veya ETo yontemlerinin kullaniimasina olanak
vermektedir. Bu nedenle ETo, FAO 56’da verilen Penman-Monteith yontemine gore hesaplanmigtir (Allen
et al., 1998). ETo degerlerinin hesaplamasinda Cropwat 8.0 programi kullaniimigtir. Hesaplamada gerekli
olan solar radyasyon degeri glineslenme siiresinden yararlanilarak hesaplanmistir. Di degerleri 1, 3, 6,
12 ve 24 aylik farkh zaman olceklerine gore ayri ayri hesaplanmistir. Elde edilen Di serisinden
yararlanilarak SPEI de@erleri, Esitlik 3 yardimi ile hesaplanmistir (Vicente-Serrano et al., 2010).
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04084 (Rn-6)+Y5- 57312 (es—€q)
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ET, (1)

Esitlikte; ETo, referans evapotranspirasyon (mm gin™); Rn: bitki yiizeyi net radyasyon [MJ m™ gun™], G:
toprak is1 akisi yodunlugu [MJ m™ g[]n'l], T: sicaklik [°C], up: 2 m yukseklikte élgilmus ruzgar hizi [m s'l],
es: ortalama hava sicakligindaki doygun buhar basinci [kPa], e,: ortalama hava sicakhdindaki gergek
buhar basinci [kPa], A: Buhar basinci egrisinin egimi [kPa °C™], y: Psikrometrik sabite [kPa °C™]dir.

k =
Di = Zf:()l Pn—i - ETon—i (2)
Esitlikte; Di: iklimsel su dengesi (mm), P: yadis (mm), ETo: referans evapotranspirasyon (mm)’dir.
2
SPEI = W — co+ciw+§2w . 3)
1+d{W+d,We+dsW

_( P<05+v=2InP @
" |P>05,,/—2In(1-P)

Esitlik 3'deki sabitler, co= 2.515547, ci= 0.802853, c2=0.010328, di= 1.432788, d2= 0.189269, ds=
0.001308 olarak alinmistir.

SPEI ortalama degeri O (sifir) ve standart sapmasi 1 olan standardize edilmis bir indekstir. Bu
nedenle zaman ve alandan bagimsiz olarak baska SPEI degerleri ile mukayese edilebilir (Vicente-Serrano
et al., 2010).

Kuraklik siddeti siniflamasi

SPEI degerlerine gore kuralik siddeti siniflamasi icin McKee et al. (1993) ve Vicente-Serrano et al.
(2010)'da verilen siniflama sistemi kullaniimigtir (Cizelge 2).

Cizelge 2. SPEI kuraklik siddeti siniflamasi
Table 2. Drought severity classification of SPEI

Siniflandirma SPEI degeri Kisaltma
Cok Siddetli Nemli > +2 CSN
Siddetli Nemli 2+15ile <+2 SN
Orta derecede nemli > +1lile <+1.5 ODN
Normal >-1lile<+1 NOR
Orta derecede kurak >-15ie<-1 ODK
Siddetli Kurak >-2ile<-15 SK
Cok Siddetli Kurak <-2 CSK

Jeoistatistik analiz ve haritalama

Jeoistatistiksel ydntemler mekansal referansh verilerin uzaysal dagiimini tahmin etmek icin
kullaniimaktadir (Mulla & McBratney, 2002). Bu amagla jeoistatistik ve CBS, mekansal veriler icin haritalar
olusturarak, mekansal desen ve iligkilerin ortaya konmasinda yardimci olmaktadir. Bu calismada Ters
Mesafe Agirlikh Enterpolasyon (IDW) yéntemi, yillik toplam yagis, yillik toplam ETo, Di, ve SPEI de@erlerini
alansal enterpolasyon haritalari olusturmak icin tercih edilmistir (Aydin & Cicek, 2013; Li et al., 2018; Musei
et al., 2021). ArcGIS 10.2 CBS yazlimi ile jeostatistiksel islemler yapilarak haritalar olusturulmustur.

ARASTIRMA SONUCLARI ve TARTISMA

Yagis (P) ve referans evapotranspirasyon (ET,) degerleri

Calismada esas alinan 29 meteoroloji istasyonuna ait 1975-2014 yillari arasinda yillik toplam yagis ve
ETo degerleri ile istasyonlar ve bélge bazinda hesaplanmistir. Tim istasyonlar birlikte degerlendirildiginde,
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Ege Bolgesinin yillik toplam yagis degerleri 380-1164 mm arasinda degisirken, yillik toplam ETo degerleri
920-1593 mm arasinda degismistir (Sekil 2). Ortalama degerleri sirasiyla (P) 632 mm ve (ETo) 1201 mm
bulunmustur. Yillik toplam yagis degeri en distuk 416 mm ile 2011 yilinda bulunurken, yillik toplam ETo
degeri en yiiksek 1399 mm ile 2007 yilinda elde edilmistir. istasyonlara ait P ve ETo degerleri kullanilarak
IDW yontemine gore mekansal degisim haritalari hazirlanmigtir (Sekil 3). Buna gdre Ege Bdlgesinin Kiyi
kesiminde i¢c kesimine goére yagis ortalamalarinin yiuksek oldugu, yine ayni kisimda ETo degerlerinin ic
kesime gore yiksek oldugu goérilmektedir.

Yadis ve ET, degisim grafigi

ETo =-0.1881 YIL + 1576.4 24
@
\
.*‘ !
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Yil
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Sekil 2. Ege Bélgesi yillik toplam yagis ve ET o degisim grafigi.
Figure 2. Scatter plot of annual total precipitation and ET o in the Aegean Region.
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Sekil 3. Ege Bolgesi yillik toplam P (a) ve ET o (b) degerleri mekansal degisim haritalari.
Figure 3. Spatial distribution maps of annual total precipitation (a) and ET o (b) in the Aegean Region.
iklimsel su dengesi (D;) degerleri

SPEI degerlerinin hesaplamasinda iklimsel su dengesi (D)), aylik toplam yagdis degerleri ile ETo
degerleri arasindaki fark olarak tanimlanmaktadir. iklimsel su dengesi boélgenin kuraklik hassasiyetini
gosteren dnemli bir parametre olarak degerlendiriimektedir. Aylik degerlerden elde edilen yillik toplam agik
degerleri istasyonlar ve bolge bazinda elde edilmistir. Bu degerlerin 1975-2014 yillari arasinda ortalama
degerleri ile IDW ydntemine gore yapilan jeosistatistik analiz sonuglari Sekil 4'te verilmistir. Buna gore
Bolgenin kiyr kesiminde daha yiksek su dengesi agidi elde edilirken i¢ kesiminde ve Mugla ilinde daha
dusuk acik degerleri elde edilmistir. Ege Bélgesinin ortalama yillik su dengesi agigi degeri 569 mm, yillar
bazinda en yiksek agik 2008 yilinda 820 mm, en dusuk agik 1981 yilinda 319 mm olarak bulunmustur.
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Sekil 4. Ege Bolgesi D; degerleri mekansal degisim haritasi.

Figure 4.Spatial distribution map of Di values in the Aegean Region.

SPEI degerleri ve kuraklik siddeti analizi

Ege Bolgesinde bulunan 29 meteoroloji istasyonu iklim verileri ile 1975-2014 yillari arasindaki 40
yillik dénemde 1, 3, 6, 12 ve 24 aylk zaman 0&lceklerinde SPEI degerleri hesaplanmistir. SPEI degerleri
analiz edilerek diyagramlari olusturulmus (Sekil 4) ve en dusiuk SPEI degerleri ve donemleri Cizelge 3'te
istasyonlar bazinda verilmistir. istasyonlar bazinda 1, 3, 6 ve 12 aylik zaman 6lgeklerinde 2007 yili, 24
aylik zaman o&lgeginde 2008 yili cok siddetli (SPEI < -2) kurakliklarin ¢ogunlukla kaydedildigi yillar
olmustur. En distuk SPEI degerleri farkli zaman 6lceklerine gére; 1 aylik donemde Afyon istasyonunda
2007 yili Eylul ayinda, 3 aylik donemde Cesme’de 2007 yili Eylil ayinda, 6 aylik donemde Nazill'de 2007
yili Eyliil ayinda, 12 aylik dénemde Bergama’'da 2007 yili Kasim ayinda, 24 aylik dénemde izmirde 2008
yili Aralik ayinda ¢ok siddetli kurak dénemler olarak belirlenmistir. Kuraklik siddeti siniflamasina goére, 12
aylik donemde Emirdag, 24 aylik dénemde Aydin, Nazilli, Menemen, Kiitahya, Akhisar, Bodrum, Datca,
Fethiye, Milas ve Yatagan istasyonlarinda siddetli kurak, bunlar disinda tim zaman dl¢eklerinde (1, 3, 6,
12 ve 24 aylik) ¢ok siddetli kurak donemler oldugu goérilmistir. Bu yillar disinda 1989, 1993, 2011 ve
2012 yillar siddetli kurakhklarin kaydedildigi yillar olmustur.

Ege Bolgesine ait SPEI degerlerine ait diyagramlar Sekil 5°te ve en dusik SPEI degerleri Cizelge
4’te verilmistir. Bunlara gore Ege Bdlgesinin kisa zaman d&lgedinde 2007 yili uzun zaman 6lgeginde
2008 yil ¢ok siddetli kurak yillar olarak saptanmistir. Bununla beraber tim zaman 6lgeklerinde 1997,
1998, 1999, 2002 ve 2003 yillari ¢ok siddetli nemli yillar olarak bulunmustur. Uzun zaman dlgeginde
1985-1995 yillari arasindaki 10 yilik dénem surekli ardil kurak dénemler (orta dereceli ve siddetli
kurakliklar) olarak kaydedilmistir. Ozellikle 2007-2009 yillari arasindaki dénemde ¢ok siddetli kurak bir
dénem oldugu goérlimektedir. 2011 yilindan sonra ise siddeti disuk kurak dénemlerin ardil olarak
gerceklestigi belirlenmistir.

Kisa zaman olgeginde (1 ve 3 aylik) SPEI degerleri 6zellikle yaz aylarinda kurak periyotlari
belirlerken, uzun zaman 6lgeklerinde ise 1985-1995, 2007-2009, 2011-2012 dénemlerinde siddet ve slre
olarak kig dénemlerini de igine alan uzun periyotlar boyunca kurak degerler (negatif) elde edilmistir. Buna
gore, kisa zaman olgeginde SPEI degerlerinin kuraklik etkilerinin daha fazla hissedildigi yaz aylarinda,
uzun zaman o6lgeginde ise kuraklik gorilen yillarda kis aylarindan baslamak Uizere tim yili kaplayan kurak
degerler alabildigi géralmugstir.
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Cizelge 3. istasyonlar bazinda en diisitk SPEI degerleri

Table 3. The lowest SPEI values by stations

istasyon Adi  SPEI-1 Dénem SPEI-3 Dénem SPEI-6 Dénem SPEI-12 Dénem SPEI-24 Dénem
Bolvadin -2.60 8-2007 -2.81 1-2011 -2.45 10-2007 -2.50 10-2007 -2.07 11-2008
Emirdag -3.06 7-2007 -2.34 9-2007 -2.52 5-1989 -1.95 12-1989 -2.26 12-1990
Afyon -4.32  9-2007 -3.23  9-2007 -2.70 10-2007 -2.24 10-2012 -2.43 6-2013
Aydin -3.27  8-2007 -3.48 9-2007 -2.69  8-2007 -2.44  10-2007 -1.81 3-1990
Kusadasi -3.96 10-1993 -3.16 10-1993 -2.57 5-2007 -2.56  10-2007 -2.01  10-2008
Nagzilli -4.26  9-2007 -2.71  9-2007 -3.14  9-2007 -2.24  10-2007 -1.91 11-2012
Sultanhisar -3.05 8-2007 -3.16 9-2007 -2.68 10-2007 -2.41 10-2007 -2.14 6-2008
Guney -2.95 7-2007 -3.44  4-1989 -2.67 9-2007 -2.50 9-2007 -2.26 12-2008
Denizli -3.78 8-2007 -2.81 8-2007 -2.30 2-2012 -2.14 9-2012 -2.01 12-2008
Bergama -3.15 7-2007 -2.72 8-2007 -2.50 5-2007 -2.72 11-2007 -2.39 4-2008
Cesme -3.09 6-2007 -6.67 9-2007 -2.96  9-2007 -2.12 1-1990 -2.05 10-2008
Dikili -3.49 7-2007 -3.16  9-2007 -2.62  9-2007 -2.63 9-2007 -2.33 5-2008
Menemen -2.45 9-1985  -2.32 10-1993 -2.05 12-2004 -2.04 1-2005 -1.95  11-1990
izmir -3.28  7-2007  -3.25 9-2007 -2.39  9-2007 -2.46 2-2008 -2.59  12-2008
Gediz -3.51 9-2007 -3.21 9-2007 -2.80 10-2007 -2.20 9-2007 -2.04 3-2012
Kitahya -2.94 7-2007 -2.93 4-1989 -2.49 6-1989 -2.29 3-2011 -1.95 3-2011
Simav -2.46 7-2014 -2.30 2-2014 -2.25 4-2014 -2.39 3-2014 -2.33 3-2014
Tavsanli -2.82 4-1989 -3.29 4-1989 -2.89 6-1989 -2.27 6-1989 -2.05 6-1989
Akhisar -2.52  6-1996 -2.14 4-1989 -2.06 5-1989 -2.30 3-2001 -1.95  11-1990
Manisa -3.54 9-1980 -2.88 8-2007 -2.70 12-1984 -2.61 2-2008 -2.28  10-2008
Salihli -2.85  8-2007 -2.42 1-2012 -2.48  8-2007 -2.74 3-2001 -2.31  12-2008
Bodrum -2.17  9-1992  -2.07 12-2012 -2.21  6-1990 -2.15 12-1992  -1.97 7-1993
Datca -2.69 4-2007 -2.12 6-2007 -2.12 3-1987 -2.05 11-1990 -1.89 12-1990
Fethiye -3.77 6-2007 -4.15 9-2007 -3.70 9-2007 -2.61 10-2007 -1.96 11-1990
Kdycegiz -3.59 6-2007 -3.12 9-2007 -2.67 4-2011 -2.58 5-2011 -2.31 2-2012
Marmaris -3.12 9-2007 -2.79 9-1988 -2.08 8-1977 -2.25 1-2012 -2.40 1-2012
Mugla -2.77  7-1978  -2.21 11-2012 -2.14 11-2012 -2.26 2-2011 -2.18 2-2012
Milas -410 9-1975 -255 10-1977 -2.67 12-1977 -2.30 9-2007 -1.83  12-1977
Yatagan -3.27  7-2007 -3.58 9-2007 -2.58  9-2007 -2.19 9-2007 -1.81  11-1990
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- T e

Sekil 4. Istasyonlar bazinda farkli zaman élgeklerinde (1,3,6,12 ve 24 aylik) SPEI diyagramlari.

Figure 4. SPEI diagrams on different time scales (1,3,6,12 and 24 months) by the meteorological stations.
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Sekil 4. devami.

Figure 4. continued.

Msronfiz

blibiaapu

b bowa

b bowa

W -

blbmommu

R e S
: HJ-‘A‘-W EPEl-2a

1 1]
E & & & & 8B & § &

| I [
[T
e
E &8 & & & § # & &8

Fge Bilgeal, SPFL4

[ I 1 I
 ——| I :
£ & & E & ®§ & ®& =&
&
I — — —
-
) — I
1 | | 1 | |
E B B & B § & ®& =&

Sekil 5. Ege Boélgesinin farkli zaman 6lceklerinde (1,3,6,12 ve 24 aylik) SPEI diyagramlari.

Figure 5. SPEI diagrams on different time scales (1,3,6,12 and 24 months) of the Aegean Region.
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Cizelge 4'te farkli zaman olcekleri icin belirlenen dénemlerde 29 istasyon verisi ile IDW yéntemine
gbre mekénsal dagihm haritalan (Sekil 6) olusturulmustur. Bolge genelinde ic Ege kismina dogru ¢ok
siddetli kuraklik egilimleri gozlenmektedir. Ozellikle 3, 6, 12 ve 24 aylk doénemler icin Gediz, Blyilk
Menderes ve Kugik Menderes Havzasini igine alan boélgeye dogru kuraklik egiliminin mekansal olarak
arttidi soylenebilir. Ege Bdlgesinin en distk SPEI degerlerinin elde edildigi dénemlerde, kisa zaman
Olgceklerinde normal ve nemli alanlarin mekansal dagilimlarinin uzun zaman 6lceklerine gére daha fazladir.
Uzun zaman 0Olceklerinde ise kurak ve siddetli kurak alanlarin mekénsal dagihmi daha fazladir. 12 ve 24
aylik dénemlerde bolge genelinde cok siddetli kuraklik egilimi saptanirken, SPEI degerlerinin uzun zaman
Olceginde kurak periyotlari mekénsal olarak daha belirgin tespit edebilme potansiyeline sahip oldudu
gorulmektedir. Gao et al., (2017)'de belirtildigi gibi SPEI uzun zaman 6lgeklerinde kurak ve nemli donemleri
frekans olarak daha uzun periyotlar halinde tahmin etmektedir. Potopova et al., (2015) ve Wang et al.,
(2016)'da belirtildigi Gzere bu g¢alismada kisa zaman o6lgegindeki mekansal dagihm haritalarinin tarimsal
kurakhgin belirlenmesinde nispeten daha gicli oldugu, uzun zaman O&lgeginde ise bdlgenin su
potansiyelinin ve su talebinin belirlenmesi acisinda mekéansal olarak daha gugli oldugu séylenebilir.

Cizelge 4. Ege Bolgesi en dusuk SPEI degerleri tablosu

Table 4. The lowest SPEI values in the Aegean Region

istasyon Adi SPEI-1 Doénem SPEI-3 Dénem SPEI-6 Dénem SPEI-12 Dénem SPEI-24 Dénem
Ege Bolgesi  -3.03 9-2007 -2.90 9-2007 -2.80  9-2007 -2.60 02-2008  -2.12 7-2008

" Koty E Kl Y it

s e - * _’ . Eess pmnw-, g Emsag
P ) s
= - % -
Lo G Gorer o
o prin B s, P .
. k. Ege Bbigesi .
A Ege Bolgesi - ] SPEI3 s Ege Bolgesi
- — SPEI1 e Jonsga i i onag SPEL6

~F'" = aadie: e ik ¥z

- ‘m
v Kutays Kutams
P"" Sro i ‘w- T -
.- 4 e - .
- b e
T . L o
e o -
Kot g o, Fivorion
o Ege Boigesi
iy Yo
d s Ege Bbigesi SPEI-24
g Neyeag: SPEI-12 —
" —

Sekil 6. Ege Bolgesine ait farkli zaman dlceklerinde SPEI degerlerinin IDW yontemine gére mekansal dagilim haritalari.

Figure 6. Spatial distribution maps of SPEI values according to IDW method at different time scales belonging to the Aegean Region.

Ege Bolgesi SPEI degerlerinin farkli zaman olceklerinde %8,1-11,7’si orta derecede nemli, %3,4-5,5'i
siddetli nemli, %1,0-2,3 cok siddetli nemli, %63,8-66,3't normal, %9-14,1’i orta derecede kurak, %4,6-6’sI
siddetli kurak, %0,7-1,3'U ¢ok siddetli kurak donemler olarak belirlenmistir (Sekil 7). Bolge genelinde kurak
gegen (SPEI=>+1, siddetli ve ¢ok siddetli) donemler toplami ortalama 25-35 ay olarak gerceklesmistir. En
uzun kesintisiz kurak periyot 1 aylik zaman dlgeginde 11 ay (11/2006-09/2007), 3 aylik zaman 6l¢eginde 14
ay (08/1993-09/1994), 6 aylik zaman o6lgeginde 25 ay (01/2007-01/2009), 12 aylik zaman Olgeginde 34 ay
(02/1989-10/1991) ve 24 aylik zaman olgeginde 122 ay (12/1985-01/1996) olmustur. Kuraklk stresinin
belirlenmesi bakimindan uzun zaman Odlgegindeki SPEI degerleri kesintisiz kurak doénemlerin
tanimlanmasinda daha yararli sonuclar Uretirken, kisa zaman 6lceklerinden ise kisa periyotlar halinde ve
sayisal olarak daha fazla kurak doénemler elde edilmistir. Bununla benzer olarak SPEI ile yapilan
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calismalarda kisa zaman olgeginde kurak ve nemli dénemlerin kisa sireli ve siklikla saptandigini, uzun
zaman olgeginde (12 ve 24 aylik) uzun sireli kurakliklarin belirlendigi fakat kurak dénemlerin tekrarlanma
sikhginin disik oldugu bildiriimistir (Vicente-Serrano et al., 2012a; Musei et al., 2021). Su kaynaklarinin
etkin kullanimi, tarimsal Uretimin devami igin yeterli su temini ve kurakhga karsi tepkilerinin belirlenmesi
acisindan bu farkli zaman O&lgeklerindeki degerlendirmeler farkli amaclar icin sonuclar Ureterek karar
vericiler icin faydah bilgiler tretebilmektedir (Lorenzo-Lacruz et al., 2010; Vicente-Serrano et al., 2012a;
Zhang et al., 2015). Elde edilen bulgular 1g1ginda SPEI indisinin ET’yi icermesi nedeniyle tarimsal kurakligin
belirlenmesi agisindan kisa zaman 6lgeginde daha duyarl oldugu gériilmektedir. Bunun yaninda tarimsal
kurakhgin sadece iklimsel su dengesine (P-ETo) dayal olarak tahmin edilmesinde tek basina yeterli
sonugclar Uretilemeyebilecegi de g6z ardi edilmemelidir (Zhang et al. 2015).
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Sekil 7. Ege Bolgesi farkli zaman olgeklerinde SPEI degerlerine ait kuraklik siddeti relatif yizde siniflandirmasi.

Figure 7. The relative percentage classification of drought severity on different time scales SPEI values of the Aegean Region.

SONUC ve ONERILER

SPEI kisa zaman 6lceklerinde (1, 3 ve 6 aylik) tarimsal kurakliklarin tespitini, uzun zaman oélceklerinde
(12 ve 24 aylik) ise kurak periyotlarin tespitinin mimkuin kilabilmektedir. Boylelikle SPEI indisi kuraklik riskine
kars! tarimsal Uretimin ve su kaynaklarinin planlanmasi, ekosistemin devam ettirilebilmesi, sosyo-ekonomik
etkilerin en aza indirebilmesi igin uygulayicilar ve karar vericiler i¢in dnemli bilgiler saglamaktadir.

Ege Bolgesinin icinde bulundudu yari kurak alanlar, son yillarda yasanan iklim degisikligi etkisi ile
birlikte ani yasanabilecek kurak periyotlara kargi daha hassas duruma gelmistir. Bélge genelinde SPEI
degerleri ile yapilan kuraklik siddeti incelemesine gore dzellikle 2007-2009 déneminde olmak lzere, 1997-
1999, 2002-2003, 2011-2012 yillarinda nispeten kurak ve siddetli kurak dénemler oldugu ve son yillarda
kurak periyotlarin arttigi belilenmistir. Elde edilen sonuglara gére SPEI ile farkli zaman olgeklerinde
kurakh@in siresi, siddeti ve frekansinin tespit edilebildigi gérilmustir. Tarimsal kuraklik agisindan SPEI'In
evapotranspirasyonu (PET ya da ETo) icermesi ile su kaynaklarinin planlanmasi ve tarimsal sulama suyu
ihtiyacinin yonetilmesi agisindan planlamaya yonelik bilgi retilebileceg@i gortimustur. Ayrica SPEI degerleri
ile yapilan zamansal ve mekénsal analiz ile kuraklik egilimleri ve yonleri alansal olarak ortaya
konulabilmektedir. Sonuc¢ olarak, sudrddrilebilir su kaynaklari yoénetimi, buna dayali tarimsal Uretim
korunmasi ve erken uyari sistemlerinin olusturulmasi icin SPEI 6nemli bir kuraklik indeksidir.
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0z
Amag: Bu arastirma, Bingdl ili ekolojik kosullarinda Macar figinde farkli sira

araliklarinin ot verimi, ot kalitesine ve aricilik agisindan énem arz eden bazi
Ozellikler Uzerindeki etkisini ortaya koymak amaciyla yurutiimastur.

Materyal ve Yontem: Arastirma, tesadif bloklari deneme desenine gore Ug
tekerrrli olarak yuratilmis ve bes farkli sira arahgr (20 cm, 30 cm, 40 cm, 50
cm, 60 cm) arastirma konusu olarak ele alinmistir.

Arastirma Bulgulari: Farkli sira araliklarinin yesil ve kuru ot verimi, fosfor
orani, bal arilarinin cgicekte kalma siiresi ve metrekare basina ¢icek sayisi
Uzerindeki etkisi istatistiksel olarak énemli bulunmustur. Arastirmada en yiiksek
yesil ot verimi ve kuru ot verimi 20 cm sira aralidinda, en yiksek fosfor orani ve
en fazla bal anlarinin cigekte kalma sureleri 20 cm ve 30 cm sira araliginda ve
en fazla metrekare basina cicek sayisi da 40 cm sira araliginda tespit edilmistir.

Sonug¢: Macar figinin ot verimi amagl yetistiriciliginin yapilmasi durumunda 20
cm sira araliginin, ari merasi olarak degerlendiriimesi durumunda ise en fazla
metrekare basina cicek sayisi 40 cm sira araligindan elde edildigi i¢in bu sira

araliginin tercih edilmesi gerektigi sonucuna varilmistir.

ABSTRACT

Objective: This research was carried out to determine the effect of different row
spacings on yield, quality, and some features of importance for beekeeping in
Hungarian vetch in Bingdl ecological conditions.

Material and Methods: The study was conducted using a randomized blocks
experimental design, with three replications and five different row spacing (20 cm,
30 cm, 40 cm, 50 cm, 60 cm) were considered as the research subject.

Results: The effects of different row spacing on forage and dry matter yield,
phosphorus rate, duration of stay in flower of honeybees and number of flowers
per square meter were statistically significant. The highest forage and dry
matter yield were determined in 20 cm row spacing, the highest phosphorus rate
and the maximum stay of honeybees at flower in 20 and 30 cm row spacings,
and the maximum number of flowers per square meter was determined in 40
cm row spacing.

Conclusion: It has been concluded that a row spacing of 20 cm should be preferred
when Hungarian vetch is cultivates for forage production. However, if evaluated
as a bee pasture, it has been concluded that a row spacing of 40 cm should be
preferred since the maximum number of flowers is obtained from that spacing.
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GiRIiS
Hayvansal uretimde girdi maliyetlerinin yiksek olusu, Turkiye’de hayvancilikta baslica sorunlardan
biri haline gelmistir. Bu maliyetlerin yaklasik olarak %70’ini yemler olusturmaktadir. Ozellikle kaba yemler

bu artiglar arasinda bagi gekmektedir. Tirkiye'de kaba yem Uretimi énemli oranda artis gostermis olsa da
yeterli gelmemekte ve Kaliteli kaba yem agigini kapatmamaktadir (Ozkan & Demirbag, 2016).

Ozellikle bircok bolgede hayvancilik yapan ireticiler, dogal ¢cayir mera alanlarini kullanmaktadirlar.
Uzun yillar meralarin yonetim ilkelerine uygun olmayan kullanimlari sonucu, tretmis olduklari otun verim
ve kalitelerinde ciddi digUsler olmustur. Bu meralar yeteri kadar degerlendiremeyen hayvanlarin verimleri
de dogru orantili olarak dismektedir (Yolcu & Tan, 2008; Budak, 2017).

Cayirlik alan ve meralar Uzerindeki duzensiz ve asiri otlatmadan kaynakli baskiyl azaltmanin
yollarindan bir tanesi de tarla tarimi icerisinde yem bitkileri yetistiriciligine agirlik verilmesidir. Yem bitkileri
icerisinde de figler, énemli bir grubu olusturmaktadir. Besin degerinin yiksek ve tek yillik olmasi, kirag
alanlarda da tariminin yapilabilmesinden dolayi figler hayvan beslemede ¢ok tercih edilmektedir.

Figlerin gdvdelerinin ince yapili ve yapraklarinin bol olmasindan dolayi, hayvanlar tarafindan
sevilerek tuketilmektedir (Tekce & Gul, 2014). Figler, yas ve kuru ot elde etmek amaciyla yetistiriimeye
elveriglidir. Fig kuru otunda protein orani %12-20 olmakla birlikte bu oran tirlere gére degismektedir. Ayni
zamanda taneleri protein ve enerji bakimindan zengin oldugundan kesif yem olarak da kullaniimaktadir.
Bu 6zellikler gbz 6niine alindiginda fig tarimi, kaliteli ve maliyeti distk kaba yem temini icin oldukca
avantajh oldugu anlasiimaktadir (Temel & Sahin, 2011). Fig turleri cogunlukla tek yilliktir. Bu 6zelliginden
dolay! arpa, bugday, patates, aygigegi gibi bitkilerle ekim nobetine uygundur. On bitki olarak fi§ ekilmesi,
tarladaki suyun ekonomik kullaniimasi ve kendinden sonraki bitkiye azot fikse etmesi agisindan da
yetistiriciler icin avantaj saglamaktadir. Organik madde bakimindan yetersiz olan topraklarin islahinda
yesil gubre bitkisi olarak figler kullaniimaktadir. Figler, ciceklenme dodneminde surulerek topraga
karistinlmasi sonucunda, topraktaki organik madde miktarini artirarak toprak yapisini iyilestirdigi
bilinmektedir (Uzun vd., 2005; Avcioglu vd., 2009).

Macar figinin tarimi ilk defa Macaristan’da yapilmistir. Bu nedenle ismini oradan almaktadir
(Balabanli, 2009) ve bu tir soguga ve kurakhga oldukca dayanikhdir. Tek yillik baklagil bir yem bitkisi olan
Macar figi, agir killi topraklarda da yetigir (As¢i & Uney, 2016). Tarlada ekimi yapilan Macar figinin dekar
basina kuru ot verimi 750, tohum olarak verimi 50-150 kg arasinda olup, diger fig tiirlerine gore yetistiriimesi
kolay ve tohum ddkme sorunu azdir (Agikgdz, 2021). Tohum Uretmek amaciyla yetistirilen Macar figinin
tohumlar alindiktan sonra kalan atiklari, kaba yem kaynagi olarak hayvancilikta 6nemli yer tutmaktadir
(Ucar vd., 2022). Soguga ve kurakliga dayanikhhdi, agir killi topraklarda yetisebilmesi gibi 6zelliklerinden
dolayr Macar figi, Turkiye’de yem bitkileri Uretiminin artirlmasi agisindan énemli bir turdir (Agikgdz, 2021).

Tirkiye istatistik Kurumu tarafindan 2021 yilinda ulkemizde 810.911 da alanda yesil ot amagli,
81.032 da alanda da tohum amagh Macar figi ekimi yapildigi, bu ekim alanlarindan 1.097.255 ton yesil ot,
9.669 ton tohum Uretimi yapildigi ve dekar basina yesil otun 1.354 kg ve tohum veriminin 119 kg oldugu
rapor edilmistir (TUIK, 2022).

Kultdr bitkilerinde ekim sikhigi, ekim zamani, sira arasi, sira Uzeri ve ekim derinligi gibi uygulamalarin
verim Uzerinde olumlu ve olumsuz etkileri bulunmaktadir. Bu uygulamalar arasinda yer alan sira arasi
mesafenin diger kiltir bitkilerinde oldugu gibi Macar figinde de verim ve kalite Uzerinde etkisi bulunmaktadir.
Macar figi tariminda sira arasi mesafe, tohum veya ot yetigtiriciligine gore farkliliklar géstermektedir.

Daha once yapilan arastirmalarda, tohum uretimi amagli yetistiricilikte sira arasi mesafenin 35-50 cm,
tohumluk miktarinin 6-8 kg/da, ot Uretimi amagli yetistiricilikte ise sira arasi mesafenin 18-20 cm ve
tohumluk miktarinin da 10-12 kg/da arasinda olmasi gerektigi bildirilmistir (Avcioglu vd., 2009; Suizer, 2022).
Sira arasi mesafenin verim Uzerindeki etkisi, iklim ve toprak kosullarina gore farkliliklar gdsterebilmektedir.
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Macar figinin bir diger 6zelligi de ciceklenme asamasinda ari merasi olarak kullanilabilmesidir.
Tarla tarimi igerisinde Macar figi 6zellikle kishk bitki olarak yogun ekildiginden ilkbahar aylarinda
ciceklenme déneminde arilar icin polen ve nektar kaynagi olarak degerlendirilebilmektedir. Macar figinin
ciceklenme periyodundaki siire dikkate alindiginda, arilarin kis mevsiminden sonra bu bitkiden énemli
oranda yararlanabildigi ve bu nedenle Mayis ayinin ilk yarisina kadar bu bitkiden ari merasi olarak
istifade edilebildigi bilinmektedir (Cacan vd., 2020; Kutlu vd., 2022).

Macar figinin aricilik agisindan énemi de dikkate alinarak, sira arasi mesafelerin ot verimi ve kalitesi
ile aricilik agisindan énem arz eden baz 6zellikler Gzerindeki etkisinin ortaya konulmasi amaciyla bu
calisma yuritalmastar.

MATERYAL ve YONTEM
Materyal

Bu calismasi, 2021-2022 yili yetistrme sezonunda Bingol Universitesi Tarimsal Uygulama ve
Arastirma Merkezi uygulama arazisinde yurutlimuastir. Calismada, bitkisel materyal olarak 1998 yilinda
tescil edilen ve Bingél il Tarim ve Orman Midirligi'nden temin edilen Macar figinin Tarm Beyazi-98
cesidi kullaniimistir. Tarm Beyazi-98 cesidinin ana sap uzunlugu 40-80 cm, cicek rengi beyaz, cicekler
13-17 mm uzunlugunda salkim seklinde, tohum rengi siyah benekli, noktal, yuvarlak ve 1000 dane
agirhgi 35-50 g arasindadir. Orta Anadolu Bdélgesi ve benzer ekolojik sartlarda kiglik olarak yetistirilebilen,
kuru ot verimi 200-400 kg/da, tane verimi 75-150 kg/da, kisa ve kurakliga dayanikhlidi iyi, tahillar ile
karisim seklinde kuru ot ve silaj tretmek amaciyla yetistirilebilen bir gesittir (Anonymous, 2022).

Bing6l Meteoroloji Genel Mudirligunden elde edilen Bingdl ilinin aylik sicaklk, toplam yagdis ve
nispi nem degerleri ile ilgili veriler Cizelge 1'de verilmistir. Calismanin yurataldiga aylara ait ortalama
sicaklik degerinin 8,8 'C, toplam yagisin 954 mm, nispi nem oraninin %60,1 oldugu gorilmistir.
Denemenin ylratildigiu 2021-2022 yetistirme sezonunun uzun yillar (1975-2018) ortalamasina goére
daha yuksek sicaklik, yagdis ve nispi nem degerlerine sahip oldugu gérilmustar.

Cizelge 1. Bingdl ilinin uzun yillar ile 2021-2022 yillarina ait bazi iklim verileri

Table 1. Some climate data of Bing6l province for 2021-2022 and for long years

Ortalama Sicaklik (°C) Toplam Yagig (mm) Nispi Nem (%)
Aylar (2021-2022) Uzun Yillar 2021-2022 Uzun Yillar 2021-2022 Uzun Yillar 2021-2022
Ekim 14.5 14.8 69.0 72.6 56.4 41.8
Kasim 6.8 9.4 94.7 67.2 65.2 66.5
Aralik 0.7 14 131.1 109.1 73.1 72.5
Ocak -2.3 -2.2 1394 1915 69.3 75.4
Subat -1.1 1.8 128.7 82.4 60.2 71.9
Mart 4.2 19 129.8 259.7 62.4 711
Nisan 10.8 13.9 116.4 50.7 50.2 45.2
Mayis 16.3 15.1 76.2 99.0 33.3 56.2
Haziran 22.0 23.0 20.6 22.0 30.2 40.3
Ortalama/Toplam 8.0 8.8 906 954 55.6 60.1

Bingd! Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Laboratuvari’nda yapilan toprak
analizi sonucunda; deneme alaninin toprak yapisinin Killi-tinh, pH 6.26 (hafif asidik), tuz orani %0.014
(tuzsuz), organik madde orani %1.09 (az), kire¢ orani %0.41 (az), potasyum igerigi 18,27 kg/da (az) ve
fosfor igerigi 7,60 kg/da (orta) olarak tespit edilmigtir.

Yobntem

Tarla denemesi, surimun ardindan tesviyesi yapilan arazide tesadif bloklari deneme deseni gore
dort tekerrirli olacak sekilde kurulmustur. Macar figinde sira araliklari olarak 20, 30, 40, 50 ve 60 cm
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olmak Uzere bes farkh sira arah@ kullaniimistir. Denemede parsel boylari 5 m olup, her parselde 6 sira
yer almistir. Deneme alani toplam 20 parselden olusmus ve mekanik karigsmayi 6nlemek amaciyla
tekerrirler ve bloklar arasinda 100 cm bosluk birakilmigtir. Deneme alaninin boyu 14 m, eni 23 m olmak
Uzere, toplam deneme alani 322 m? olmustur. Deneme alanina ekim asamasinda 4 kg azot ve 8 kg fosfor
gelecek sekilde gubreleme yapiimis ve dekara 12 kg tohumluk kullaniimistir. Denemenin ekimi, 01 Ekim
2021 tarihinde yapilmigtir. Asagida yontemi verilen bitki boyu ve yesil ot verimi parsellerin tam giceklenme
doénemi olan 26 Mayis 2022 tarihinde alinmistir. Aricilik ile ilgili gbzlemler olan metrekare basina ari
sayisl, arilarin cicekte kalma sireleri ve metrekare basina cicek sayilari da 19, 23, 26, 30 Mayis ve 02
Haziran 2022 tarihlerinde olmak (izere bes farkli zamanda alinmistir.

Parsellerden 10 adet bitki tesadufi olarak segilmistir. 10 adet bitkinin toprak yiizeyi ile en Ust
noktasi cm cinsinden olcllerek ve ortalamasi alinarak, parsellerin bitki boylari belirlenmistir. Her bir
parselden 1 m?lik alan hasat edilmistir. Hasat edilen alandan elde edilen ot miktari tartilarak yesil ot
verimi elde edilmistir. Tartilan yesil ottan 500 g 6rnek alinarak 70 °C’de 48 saat kurutulmustur. Kurutulan
ot miktari, yesil ot miktarina béliinerek kuru ot orani elde edilmistir. Kuru ot orani, yesil ot verimi ile
¢arpilmasi sonucundan da kuru ot verimi hesaplanmigtir (Anonymous, 2001).

Kuru ot orneklerinin ham protein, asit deterjanda c¢dzinmeyen Ilif (ADF), nétr deterjanda
¢ozinmeyen lif (NDF) oranlari ile makro elementlerden fosfor (P), potasyum (K), kalsiyum (Ca) ve
magnezyum (Mg) oranlarina ait analizler, NIRS (Near Infrared Spectroscopy) cihazi yardimiyla yapiimistir.

20, 30, 40, 50 ve 60 cm sira araliklarinda ekilen Macar figinin her parselinde dort tekerrir olacak
sekilde bir metrekare alan, kaziklar ¢akilarak belirlenmistir. Belirlenen bir metrekare alanda haftada iki
glin 09:00, 12:00 ve 15:00 saatlerinde olmak tzere gunin U¢ farkli zamaninda ve 5 dakika sire icerisinde
bitkileri ziyaret eden arilarin sayimi yapilmistir. Bu isleme bitkilerin ciceklenmesi ile baglanmis ve
ciceklenme sonuna kadar her hafta, haftada iki defa olacak sekilde devam edilmistir. Macar figinin her
parselinde dort tekerriir olacak sekilde bir metrekare alanda arilarin cicekte kalma sireleri saniye
tutularak belirlenmistir. Ari ziyareti ile ilgili sayimlar i¢in belirlenen bir metrekare alan icerisindeki cicek
sayisi adet olarak sayilarak belirlenmistir (Cacan vd., 2022; Kutlu vd., 2022).

Tesaduf bloklari deneme desenine gore 4 tekerrlrlii olarak elde edilen verilere varyans analizi
uygulanmig ve farkliliklar ile benzerlikler LSD testi ile degerlendirilmigtir.

ARASTIRMA SONUCLARI ve TARTISMA

Macar figinin farkh sira araliklarinda belirlenen verim ve kalite 6zellikleri

Macar figinin farkli sira araliklarinda tespit edilen bitki boyu, ham protein, ADF ve NDF oranlari
arasindaki farkliliklarin istatistiksel olarak 6nemsiz, yesil ve kuru ot verimleri agisindan tespit edilen
farkhh@in ise 6nemli oldugu (P<0.01) belirlenmistir. Macar figinin farkl sira araliklarinda bitki boylari 64.6-
79.8 cm, yesil ot verimleri 1108-2370 kg/da, kuru ot verimleri 196-422 kg/da, ham protein oranlari %24.4-
27.0, ADF oranlari %24.5-27.3 ve NDF oranlari %30.0-32.5 arasinda degismistir. Farkli sira araliklarinin
bitki boyu, ham protein, ADF ve NDF (zerindeki etkisi 6hemsiz bulunmustur. En yiiksek yesil ve kuru ot
verimi (2370 kg/da, 422 kg/da) 20 cm sira araligindan, en disik yesil ve kuru ot verimleri ise istatistiksel
olarak ayni grupta 30 cm, 40 cm, 50 cm ve 60 cm sira araliklarindan elde edilmistir (Cizelge 2).

En yiiksek yesil ot ve kuru ot verimi 20 cm sira aralijindan elde edilmistir. istatistiksel olarak farklilik
gostermemesine ragmen 20 cm sira araliginda en yiksek bitki boyunun da elde edildigi gérilmektedir. Sira
arasi mesafe artisina bagl olarak bitki boyu, yesil ot ve kuru ot verimlerinin distigu gordlmistir. Sik
yapilan ekimlerde bitkiler, su ve besin maddesi acgisindan rekabete girmektedir (Alatirk vd., 2021).
Dolayisiyla dar sira araliklarinda yapilan ekimlerde daha yuksek bitki boyu ve verim degerlerinin elde
edildigi 6n gorulmektedir. Bu calismadan elde edilen verim o6zelliklerinden bitki boylarinin Seydogoglu
(2014), yesil ot veriminin Sayar vd. (2012) ve Hashalici vd. (2017), kuru ot veriminin ise Bayar & Cacan
(2019) ile Cagan vd. (2021) tarafindan elde edilen bulgular ile benzer oldugu géralmugtar.
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Cizelge 2. Macar figinin farkl sira araliklarinda belirlenen bitki boyu, yesil ve kuru ot verimleri ile ham protein, ADF, NDF oranlari

Table 2. Plant height, forage and dry matter yields, crude protein, ADF, and NDF ratios determined in Hungarian vetch under
different row sapacings

Sira Araligi  Boy (cm) Yesil Ot (kg/da) Kuru Ot (kg/da) Ham Protein (%) ADF (%) NDF (%)

20 cm 79.8 2370 a 422 a 26.0 26.4 31.3
30cm 68.5 1257 b 239b 27.0 24.5 29.7
40 cm 76.6 1426 b 255D 24.4 25.7 31.4
50cm 67.7 1490 b 256 b 24.7 27.3 32.5
60cm 64.6 1108 b 196 b 26.0 25.5 30.0
Ortalama 71.4 1530 273 25.6 25.9 31.0

Bu calismadan elde edilen kalite 6zelliklerinin sira araliklari agisindan istatistiksel olarak bir farklilk
gostermedigi ve ham protein oranlarinin Bayar & Cacan (2019), Cacan vd. (2021), ADF oranlarinin
Glizelogullari ve Albayrak (2016), NDF oranlarinin da Cacan vd. (2021) tarafindan elde edilen bulgular ile
benzerlikler gosterdigi gortlmuistir. Bu calismada elde edilen ham protein oranlarinin daha ©nceki
calismalardan elde edilen ham protein oranlarindan bir miktar daha yiiksek, NDF oranlarinin da bir miktar
distk oldugu goérulmuastir. Bitkinin erken veya gec bicilmesi, elde edilen ham protein orani ve NDF
Uzerinde etkili olmaktadir. Dolayisiyla farkli ¢calismalarda farkh sonuglar elde edilebilmektedir.

Macar figinin farkl sira araliklarinda belirlenen makro element icerikleri

Macar figinin farkli sira araliklarinda tespit edilen potasyum, kalsiyum ve magnezyum oranlari
arasindaki farkliliklarin istatistiksel olarak 6nemsiz, fosfor oranlari arasinda tespit edilen farkliligin ise
onemli oldugu (P<0.05) belirlenmistir (Cizelge 3).

Cizelge 3. Macar figinin farkl sira araliklarinda belirlenen fosfor, potasyum, kalsiyum ve magnezyum oranlari

Table 3. Phosphorus, potassium, calcium and magnesium ratios determined in Hungarian vetch under different row spacings

Sira Araligi Fosfor (%) Potasyum (%) Kalsiyum (%) Magnezyum (%)
20cm 0,38 ab 2,42 1,88 0,41
30cm 0,40 a 2,59 1,85 0,41
40 cm 0,40 a 2,49 1,94 0,42
50 cm 0,37 b 2,72 1,83 0,41
60 cm 0,36 b 2,74 1,81 0,40

Ortalama 0,38 2,59 1,86 0,41

Macar figinin farkli sira araliklarinda fosfor oranlari %0.36-0.40 arasinda degisim gostermis olup,
ortalamasi 9%0.38 olarak tespit edilmistir. En yiiksek fosfor orani 20 cm, 30 cm ve 40 cm sira
araliklarinda, en diguk fosfor oranlari ise 50 cm ve 60 cm sira araliklarinda tespit edilmigtir. Macar figinin
farkli sira araliklarinda potasyum oranlari %2.42-2.74, kalsiyum oranlari %1.81-1.94 ve magnezyum
oranlari ise %0.40-0.42 arasinda degisim gdstermistir (Cizelge 3).

Sira arasi mesafenin sadece fosfor igerigi Gzerinde etkili oldugu goérilmektedir. Bitkilerin fosfor
icerikleri, topragin icerdigi fosfor orani ile iligkilidir. Toprakta yeteri kadar fosfor bulunmasina ragmen, sira
aras| mesafe arttikga bitkilerin topraktaki fosfordan daha az istifade ettigi anlasiimaktadir. Bitkilerin toprak
ylzeyinde gosterdikleri rekabet toprak altinda da devam etmektedir. Dolayisiyla rekabetin fazla oldugu
dar sira araliklarinda bitki koklerini daha derine indirdigi ve dolayisiyla topragin alt katmanlarindaki
fosfordan daha fazla istifade ettigi distnilmektedir. Bu nedenle dar sira araliklarinda yetistirilen bitkilerin
daha yuksek fosfor oranina sahip olduklari 6n goérilmektedir. Bu ¢calismadan elde edilen bulgularin, daha
Onceki calismalarda elde edilen %0.24-%0.40 fosfor, %1.48-3.09 potasyum, %21.00-1.79 kalsiyum ve
%0.25-0.33 magnezyum (Orak vd., 2004; Gulumser & Acar 2017; Turan vd., 2018; Cacan vd., 2021; Ucar
vd., 2022) oranlari ile benzerlikler gosterdigi gérilmustir.
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Macar figinde sira araliklarinin aricilik agisindan 6nemli olan bazi 6zelliklere etkisi

Macar figinin farkli sira araliklarinda tespit edilen m? basina ari sayilar arasindaki farkliligin giin ve
gun x sira araligi interaksiyonu agisindan istatistiksel olarak 6nemli oldugu (P<0.01) gorulmektedir (Cizelge 4).

Macar figinin farkli sira araliklarinda belirlenen ar sayilar 11.6-13.2 adet arasinda degisim
gOstermis ve ortalamasi 12.4 adet olarak belirlenmistir. Sayim zamani agisindan bakildiginda arilarin en
fazla Macar figini 26 Mayis tarihinde ziyaret ettigi gorilmektedir. 19 Mayis tarihinde 6.3 adet olarak
belirlenen ari sayisinin 26 Mayis tarihinde en yiksek degerine ulastigi ve bu tarihten sonra tekrar distigu
gorulmastir. Gun x sira araligi interaksiyonu agisindan da bakildiginda en yiksek ari sayisinin 30 Mayis
tarihinde ve 30 cm sira araliginda, en dusuk ari sayisinin da 02 Haziran tarihine ve 30 cm ile 50 cm sira
araliklarinda tespit edildigi gérilmektedir (Cizelge 4).

Cizelge 4. Macar figinin farkli sira araliklarinda ve giinlerde m? basina tespit edilen ari sayilari

Table 4. The number of bees detected per m? in Hungarian vetch under different row spacing on various days

Sira Araligi 19 Mayis 2022 23 Mayis 2022 26 Mayis 2022 30 Mayis 2022 02 Haziran 2022 Ortalama

20cm 4.3gh 18.3 a-d 22.5abc 12.7 def 2.8gh 121
30cm 6.5 e-h 17.0bcd 13.0de 242a 1.3h 124
40 cm 6.3 e-h 23.2ab 15.8 cd 18.5 a-d 2.2gh 13.2
50 cm 5.7fgh 17.2 ad 22.2abc 16.5bcd 0.7h 12.4
60 cm 8.7efg 11.5 def 23.5ab 12.5 def 1.8gh 11.6
Ortalama 6.3C 17.4B 194 A 16.9B 1.8D 12.4

Arilar en cok, 6gle saatinde m? basina 18.3 adet ile Macar figini ziyaret etmistir. Sabah saati ikinci
sirada yer almis ve 8gdleden sonra ise arilarin en az Macar figini ziyaret ettigi saat olmustur. Sira aralig
acisindan bakildiginda da arilarin en ¢cok 40 cm sira aralid@i ile ekilen Macar figini tercih ettigi
gorilmektedir (Cizelge 5).

Daha 6nce yapilan galismalara bakildiginda; Kuvanci vd. (2016) Samsun ili ekolojik kosullarinda
fazelya ve iskenderiye iicgilinde ari sayisi ortalamalarini 72.74 ve 53.90 adet, Geren & Kaymakkavak
(2007) izmir ilinin Bornova ilcesi ekolojik sartlarinda ari otu bitkisinde ari sayisi ortalamasini 14.6 adet,
Kizilsimsek & Ates (2004) Kahramanmaras ili ekolojik sartlarinda ari otu bitkisinde ari sayisi ortalamasini
7.3 adet olarak bulduklarini bildirmislerdir. Bu ¢alismadan elde edilen bulgularin, Geren & Kaymakkavak
(2007) ve Kizilsimsek & Ates (2004) tarafindan elde edilen bulgular ile benzerlik gdsterdigi gorilmektedir.

Cizelge 5. Macar figinin farkl sira araliklarinda ve saatlerde m? basina tespit edilen ari sayilari

Table 5. Number of bees detected per m? in Hungarian vetch under different row spacings on various hours

Sira Araligi 09:00 12:00 15:00 Ortalama
20cm 15.8 16.1 4.5 121
30cm 14.4 14.6 8.2 12.4
40 cm 11.6 21.1 6.9 13.2
50 cm 12.0 20.0 5.3 12.4
60 cm 7.7 19.9 7.2 11.6

Ortalama 12.3 18.3 6.4 12.4

Macar figinde arilarin gigekte kalma suresi arasindaki farkliigin giin (P<0.01), sira araligi (P<0.05) ve
gln x sira araligi interaksiyonu (P<0.01) agisindan istatistiksel olarak énemli oldugu goériilmektedir (Cizelge 6).
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Cizelge 6. Macar figinin farkh sira araliklarinda ve giinlerde belirlenen arilarin gicekte kalma sureleri

Table 6. The duration of the bees in flower detected in Hungarian vetch under different row spacings on various days

Sira Araligi 19 Mayis 2022 23 Mayis 2022 26 Mayis 2022 30 Mayis 2022 02 Haziran 2022 Ortalama

20cm 11.2 bf 7.0 e-l 15.6abc 7.9 d-1 4.9ghi 9.3 AB
30cm 17.0a 7.3 e-l 15.8 ab 6.2 f-I 4.6ghi 10.2 A
40 cm 11.2 bf 6.3 f-I 13.0 ad 7.3 el 5.0ghi 8.6 B
50cm 12.3 a-e 7.2 e-l 10.1 c-g 7.5 d-1 3.81 82B
60 cm 9.7 d-h 8.7 d-I 15.6abc 6.8 e-l 4.1hi 9.0 AB
Ortalama 12.3B 7.3C 140A 71C 45D 9.0

Macar figinin farkh sira araliklarinda belirlenen arinin cicekte kalma sireleri 8.2-10.2 saniye arasinda
degisim gbstermis ve ortalamasi 9.0 saniye olarak belirlenmistir. Arilar en fazla 30 cm sira araligindaki
parselde kaldiklari gérilmektedir. Arinin gicekte kalma siresine zaman agisindan bakildiginda arilarin en
fazla cigekte kalma suresinin 26 Mayis tarihinde oldugu goérulmektedir. 19 Mayis tarihinde 12.3 saniye
olarak belirlenen arinin ¢icekte kalma siresinin 26 Mayis tarihinde en yiksek degerine ulastigi ve bu
tarihten sonra tekrar distugu gérilmastir. Gun x sira araligi interaksiyonu agisindan da bakildiginda arilarin
cicekte kalma stresinin en fazla 19 Mayis tarihinde ve 30 cm sira araliginda, en dusuk kalma siresinin ise
02 Haziran tarihinde ve 50 cm sira araliginda tespit edildigi gérulmektedir (Cizelge 6).

Macar figi 26 Mayis tarihinde en fazla cicekli oldugu dénem oldugu icin bu tarih, arilarin en ¢ok
cicekte kaldigi tarih olmustur. 23 Mayis tarihinde arilarin gicekte kalma surelerinin 19 Mayis tarihine goére
bir miktar dustigu gortlmektedir. Bunun muhtemel nedeni o tarihlerde hava kosullarinin elverigli
olmamasindan kaynaklanmaktadir. Arilarin dar sira araliklarinda daha uzun sire kaldiklari gériilmektedir
(20 ve 30 cm). Dar sira araliginda ekilen bitkiler, bitkiler arasindaki rekabetten dolayr daha ge¢ generatif
doneme gecmektedir. Dolayisiyla arilar henliz tam gelismemis ciceklerdeki nektari toplamak icin daha
uzun sire cicekte kalmaktadir. Bu nedenle dar sira araliklarinda daha yiksek degerler elde edilmistir.
Daha 6nce yapilan ¢alismalara bakildiginda; Kutlu vd. (2022) Bingdl ili ekolojik kosullarinda Macar figinde
arinin gicekte kalma suresini 9.0 saniye, Cacan vd. (2022) Bingdl ili ekolojik kosullarinda yemlik kolzada
arinin gicekte kalma siresini 5.4 saniye ve Ozdemir vd. (2022) Bingdl ili ekolojik kosullarinda korungada
arinin ¢icekte kalma suresini 5.4 saniye olarak tespit etmislerdir.

Macar figinin m? basina cicek sayisi arasindaki farkliigin gin, sira araligi ve giin x sira arahdi
interaksiyonu agisindan istatistiksel olarak 6nemli (P<0.01) oldugu gorilmektedir (Cizelge 7).

Cizelge 7. Macar figinin farkli sira araliklarinda ve giinlerde m? basina belirlenen gicek sayilari
Table 7. The number of flowers per m® detected in Hungarian vetch under different row spacings on various days

Sira Araligi 19 Mayis 2022 23 Mayis 2022 26 Mayis 2022 30 Mayis 2022 02 Haziran 2022 Ortalama

20 cm 140 h 323fg 945 a 385 ef 334 fg 425 BC
30cm 124 h 527 de 566 cd 625 bed 204 gh 409 C
40 cm 197 gh 657 bed 978 a 692 bc 233 gh 551 A
50 cm 230gh 339 fg 702bc 522 de 296 fg 418 BC
60cm 198gh 411 ef 564 cd 755D 303 fg 446 B
Ortalama 178 E 451 C 751 A 596 B 274D 450

Macar figinin farkli sira araliklarinda belirlenen m® basina cicek sayisi 551-409 adet arasinda
degisim gostermis ve ortalamasi 450 adet olarak belirlenmistir. En fazla m® basina cicek sayisi 40 cm
araliginda tespit edilmistir. m’ basina gicek sayisina zaman agisindan bakildiginda m?’de en fazla cicek
sayisina 26 Mayis tarihinde ulasildigi goérilmektedir. 19 Mayis tarihinde 178 adet olarak belirlenen
m? basina cicek sayisinin 26 Mayis tarihinde en yilksek degerine ulasti§i ve bu tarihten sonra tekrar
distugu goérulmastur. Gun x sira araligi interaksiyonu agisindan da bakildiginda m’ basina gicek
sayisinin en fazla 26 Mayis tarihinde ve 20 cm ile 40 cm sira araliginda, en disik m? basina cicek
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sayisina da 19 Mayis tarihinde ve 20 cm ile 30 cm sira araliklarinda tespit edildigi gortlmektedir (Cizelge
7).

Macar figinde 19 Mayis tarihinde belirlenen 178 adet cicek sayisinin zamanla artarak 26 Mayis
tarihinde en yuksek degerine ulastigi gortlmektedir. Bu tarihten sonra da ciceklenmenin azaldigi
gorulmektedir. Cigceklenmenin artarak bir yerde pik noktasina ulagmasi ve sistematik bir sekilde azalmasi
beklenen bir durumdur. Dar sira araliklari ile genis sira araliklarinda daha az sayida gigek sayisinin elde
edildigi ve cicek sayisi agisindan ideal sira araliginin 40 cm oldugu gorilmektedir. Bunun muhtemel
nedeni; dar sira araliklarinda ekilen bitkilerin (20 ve 30 cm) kendi aralarindaki rekabetten dolayr daha
fazla vejetatif gelisme gdstermeleri ve generatif déneme daha az sayida bitkinin ge¢cmesidir. Dolayisiyla
dar sira araliklarinda daha yiksek bitki boyu, yesil ve kuru ot verimleri elde edilirken, daha dusuk
ciceklenme orani elde edilmektedir. Daha genis sira araliklarinda (50 ve 60 cm) daha disuk cicek
sayllarinin elde edilmesinin nedeni de; Macar figinin daha genis sira araliklarinda daha fazla yatma
egilimi gostermesi ve bitki organlarinin toprak ile daha fazla temas etmesi ile izah edilebilir. Bitkinin
normalden daha fazla yatma gostermesi neticesinde daha az sayida cicek sayisina sahip olmasina yol
actigr 6n gorilmektedir. Daha 6nce yapilan g¢alismalara bakildiginda; elde edilen bulgularin Kutlu vd.
(2022) tarafindan Bingdl ili ekolojik kosullarinda Macar figinde m? basina tespit edilen 377 adet cicek
sayisi ile paralellik goésterdigi, Kizilsimsek & Ates (2004) tarafindan Kahramanmaras ili ekolojik sartlarinda
ari otu bitkisinin ciceklenme doneminde elde edilen 647 adet gicek sayisi, Cacan vd. (2022) tarafindan
Bingdl ili ekolojik kosullarinda yemlik kolzada m?basina elde edilen 1123 adet cicek sayisi ve Kuvanci vd.
(2016) tarafindan Samsun ili ekolojik kosullarinda fazelya ve iskenderiye ticgtlinde m®basina elde edilen
33600 ve 9500 adet cicek sayilarindan ise duguk oldugu gérulmustur.

SONUC

Farkli sira araliklarinda ekimi yapilan Macar figinin verim 6zelliklerine bakildiginda; bitki boyunun
farkli sira araliklarinda istatistiksel olarak anlamh bir farklilk gostermedigi, en yiiksek yesil ot ve kuru ot
verimlerinin 20 cm sira araligindan elde edildigi belirlenmistir. Kalite 6zellikleri agisindan bakildiginda;
Macar figinin farkli sira araliklarinda ham protein, ADF, NDF, potasyum, kalsiyum ve magnezyum oranlari
acisindan istatistiki olarak anlamh bir farklilik géstermedidi ve en yiksek fosfor oraninin 20 cm, 30 cm ve
40 cm sira araliklarindan elde edildigi géralmustur.

Farkli sira araliklarinda ekimi yapilan Macar figi aricilik agisindan degerlendirildiginde; 26 Mayis
tarihinin arilarin Macar figini en ¢cok ziyaret ettigi, daha uzun sire cicekte kaldiklari ve ayni zamanda
Macar figinin m? basina en cok cicek actigi tarih oldugu goriilmustir. 30 cm sira araligi arilarin en uzun
sure gicekte kaldiklari, 40 cm sira araligi da Macar figinin m? basina en cok gicek actigi sira araligi oldugu
belirlenmistir.

Sonug olarak; Bingdl ili ekolojik kosullarinda Macar figinin ot verimi amach yetistiriciliginin yapilmasi
durumunda 20 c¢m sira araliginin, ari merasi olarak degerlendirimesi durumunda ise m” basina en fazla gicek
sayisinin 40 cm sira araligindan elde edilmesinden dolayr 40 cm sira arahi@inin ideal sira araligi oldugu
sonucuna varilmistir.
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oz

Bitkiler, otoburlara karsi toksik, itici ve/veya beslenme karsiti etkileri olan
sekonder metabolitlerin  sentezini igceren bir dizi savunma stratejisi
gelistirmislerdir. Genel olarak flavonoidler, alkaloidler ve terpenoidler sinifinda
yer alan bu sekonder metabolitlerin, bitki savunmasindaki ekolojik iglevi iyi
bilinmekte; ancak, bitki-tozlayici etkilesimlerindeki rolleri henlz yeterince agik
degildir. Mevcut bilgilere gore, cicegin nektar ve poleninde bulunan sekonder
metabolitler; renk ve koku gibi cezbedici 6zellikleri ile tozlasmada aracilik etme,
tozlasmada cok fazla katkisi olmayan béceklerden gicedi ve nektari koruma ve
mikrobiyal aktiviteleri sayesinde tozlayicilardaki hastalik etmenlerinin seviyesini
azaltma gibi faydalari ozellikleri ile tozlasmada etkili olmaktadir. Bu derleme
galismasinda, baklagil yem bitkilerindeki sekonder metabolitlerin tozlasmadaki
etkileri Gizerinde durulmustur.

ABSTRACT

Plants have developed a number of defense strategies against herbivores,
including the synthesis of secondary metabolites with toxic, repellent, and/or
anti-nutritional effects. The ecological function of these secondary metabolites,
which are generally classified as flavonoids, alkaloids and terpenoids, in plant
defense is well known; however, their role in plant-pollinator interactions is not
yet clear enough. According to available information, secondary metabolites
found in flower nectar and pollen are effective in pollination like mediating
pollination with the help of its attractive odour and color, protecting flowers and
nectar from insects that do not contribute much in pollination, and reducing the
level of disease factors in pollinators thanks to their microbial activities. In this
review study, the effects of secondary metabolites in forage legumes on
pollination were emphasized.
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Ozyazici

GiRIiS

Yeryliziinde biyogesitliligi ve ekosistem fonksiyonlarini koruyan bir ekosistem hizmeti olan tozlagsma
(Barberis et al., 2023), bitkilerin Gremesinde ve tirlerin devamhliginin saglanmasinda (Kekillioglu &
Bostan, 2023) onemli bir siregtir. Kapali tohumlularin ¢ogu kendi kendine uyumsuz olup, basarili bir
dollenme igin tozlayicilar tarafindan polenin digicik borusuna taginmasini gerektirir. Bu anlamda her bitki,
uygun bir tozlayiciya uyacak sekilde gicek yapilarini gelistirmistir (Harborne, 2001). Korolla tipunin
uzunlugu ve genisligi gibi cicek morfolojisi, gicegin rengi ve kokusu ile nektar ve polenin dzellikleri
tozlayicilari gekmede etkili gigek yapilari olarak bilinmektedir. Bununla birlikte bitki-tozlayici iligkileri ¢gok
sayida faktoriin etkisi altindadir (Bozek et al., 2023). Dolayisiyla dogada, farkli tozlasma sistemleri
bulunmaktadir (Harborne, 2001). Bu yonlyle de Leguminosae familyasinda yer alan baklagil yem
bitkilerine ait cins ve turler, farkli ve gosterigli gicek yapilari ile dikkat gekmektedir.

Baklagil yem bitkileri hayvancilik sektéri agisindan bilyidk 6nem tasimaktadir. Baklagil yem
bitkilerinin, diger bitkilere gore; daha az sera gazi salinimi nedeniyle surdurilebilir tarim igin de 6nemli
yeri olmasi, biyolojik azot fiksasyon kapasitesine sahip olmasi ve bu sayede toprak verimliligini
ivilestirmesi ile buna bagh olarak ekosistem bozulmasina karsi topradin direncini arttirabilme
potansiyeline sahip olmasi, ekim nobeti sistemlerinin en 6nemli bilesenleri arasinda yer almasi, hayvansal
Uretimin kaba yem kaynaklarini olusturmasi gibi bir dizi tarimsal yararlari bulunmaktadir. Ayrica, bir¢cok
baklagil yem bitkisi cins ve tirleri; protein, vitamin ve minerallerce zengin olmasi nedeni ile, kaliteli yem
kaynaklari olarak tanimlanmaktadir. Bunun yaninda baklagil yem bitkilerinin farkli gruplara sahip
sekonder metabolitleri drettikleri bilinmektedir (Ozyazici, 2022).

Bitkiler, cesitli organik bilesik gruplarini Uretme ve sentezleme yetenegine sahiptirler (Seigler,
1998). Bu anlamda sentezlenen birincil metabolitler, temel hiicresel islevlerle iligkili bilesikler olup,
bitkilerde yaygin olarak bulunurlar (Béttger et al., 2018). Buna karsilik, bitkilerin bliyimesi ve yasamsal
faaliyetleri igin gerekli olmayan, daha ¢ok bitkilerin ¢evreleriyle etkilesimi icin gerekli olan ve strese yanit
olarak uretilen metabolik Urtinler veya ara trlinler olarak bilinen sekonder metabolitler (Meena, 2020), ¢ok
daha spesifik islevlere sahiptirler (Jamieson et al., 2017; Béttger et al., 2018). Genellikle tlre 6zgi olan
bu bilesiklerin (Bottger et al., 2018), 6nemli fonksiyonlarindan biri de tozlasmadaki rolleridir. Bu anlamda
cicekteki sekonder metabolitler ve renk pigmentleri kimyasal cezbedicilerin biyokimyasini olusturmaktadir.
Bu derleme calismasinda, baklagil yem bitkilerinde sekonder metabolitlerin tozlagsmadaki cezbedici
Ozelliklerinin degerlendirilmesi amaglanmistir.

Sekonder Metabolitler

Sekonder metabolitlerin tanimi ve 6nemli iglevleri

Birincil metabolizmadan farkl olarak, ikincil metabolizma, organizmanin biiyiimesi ve ¢ogalmasi
icin gerekli olmayan metabolik yollari ifade eder; ve bunlarla iliskili kiigiik molekiler Urinler de sekonder
metabolitler olarak bilinir (Yang et al., 2018). Bir baska ifade ile, bitkilerde; bu ikincil metabolik yollar, bitki
sekonder metabolitleri adi verilen cesitli bilesikler Uretir (Pang et al., 2021).

Bitki sekonder metabolitlerinin bazi énemli islevleri asagidaki gibi siralanabilmektedir:
a) Tohum gimlenmesinin uyaricilaridir. Ornegin, strigolaktonlar (Brun et al., 2018).
b) Bitki bllylimesi ve gelisme stireclerinde, bagisiklik sistemlerinde rol oynarlar (Piasecka et al., 2015).

c¢) Bitkilerde savunma mekanizmalarinin gelismesinde savunma yaniti sinyali olarak gorev alirlar
(Isah, 2019).

d) Bitkilerde abiyotik ve biyotik streslere karsi tolerans mekanizmasinin gelistiriimesinde etkili
olurlar (Yang et al., 2018; Ku et al., 2020).
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e) Simbiyotik azot fiksasyonunda rol oynarlar (Ku et al., 2020). Ornegin, flavonoidler, baklagil-
rhizobium etkilesimi igin sinyal molekilleridir (Abdel-lateif et al., 2012).

f) Sekonder metabolitler simbiyotik arbuskiler mikorhizal mantarlari ¢cekerler (Jia et al., 2018).
g) Zararlilari ve patojenleri kovmak amaciyla sinyal gorevi gorirler (Guerrieri et al., 2019).

h) insan saghg@i (Ullrich et al., 2019) ve tarimsal Gretim (Pang et al., 2021) lizerinde yararl etkileri
stz konusudur.

i) Tarimsal girdileri azaltarak tarim sistemlerinin sirdirilebilirligine katki saglarlar (Clemensen et
al., 2017).

i) Sekonder metabolitlerin bir diger 6nemli fonkisyonlari ise bitkilerde tozlasma (Bakir, 2020)
sureglerindeki 6nemli katkilaridir.

Ozetlenecek olursa, sekonder metabolitler arasinda, ornegin; tozlayicilar igin cezbedici maddeler,
otcullara karg! itici ve beslenme onleyici maddeler, patojen saldirilarina karsi anti-mikrobik maddeler,
abiyotik stres durumunda koruyucu maddeler bulunmaktadir (Faehnrich et al., 2021). Bununla birlikte
sekonder metabolitlerin icerikleri, farkh bitki tirleri arasinda farklilik gosterir (Bottger et al., 2018). Baklagiller;
polifenoller, alkaloidler ve saponinler gibi sekonder metabolitler agisindan zengindirler (Gupta, 1987).

Sekonder metabolitlerin siniflandiriimasi

Bitki sekonder metabolitleri farkli &zelliklerine goére (biyosentez yollari, kimyasal yapi gibi)
siniflandirilabilmektedir. En yaygin siniflandirma sekli olan biyosentetik yollarina gére sekonder
metabolitler; fenolikler, terpenler ve alkaloidler olmak lzere 3 ana gruba ayrilirlar (Tiwari & Rana, 2015;
Chomel et al., 2016; Tiring vd., 2021).

Polifenoller, bitkiler tarafindan Uretilen en blylk ve en karmasik sekonder metabolit siniflarindan
biri olup; basit fenoller, fenolik asitler, flavonoidler ve tanenler gibi farkli alt siniflara ayrilirlar (Ku et al.,
2020; Chiocchio et al., 2021). Polifenoller, tim bitki organlarinda yaygin olarak bulunmakla birlikte
(Harborne, 1989); fenolik asitler genel olarak kok, gévde, yaprak ve tohumlarda (Robbins, 2003), tanenler
kok, kabuk ve tohumda, flavonoidler ise gigek kisimlarinda en belirgin sekilde bulunurlar (Tuominen et al.,
2013). Bitkilerde farkh rollerde gérev alan bu karmasik grup bilesiklerinden 6rnegin flavonoidler; giceklere
renk verir, bdcekleri gceker ve tozlasmay tesvik eder (He et al., 2011). Flavonoidler ¢giceklerde, nektarda
ve polende en sik kaydedilen bilesikler arasindadir (Palmer-Young et al., 2019).

Sekonder metabolitlerin genig bir bolimuni olusturun terpenler; hemiterpenler, steroidler ve
tetraterpenler olmak uzere farkh gruplari icermektedir (Ku et al., 2020; Chiocchio et al., 2021). Ugucu
yaglarin ana bilesenleri olan bu grup sekonder metabolitler, cok sayida bitki tirinin ¢icek nektarlarinda
bulunmaktadir. Bu sinifin en énemli tyesini yonca (Medicago sp.) ve korunga (Onobrychis sp.)'da da yer
alan saponinler olusturmaktadir. Terpenler, bitkilerde tozlayicilari gekmek, yarali dokulari otgullardan,
bdceklerden ve parazit saldirilarindan korumak gibi genis bir igleve hizmet edebilirler (Chiocchio et al.,
2021). Bu grup icerisinde yer alan seskiterpenler (C.sH,4 molekiler formiliine sahip), bitkilerde, bocekler
ve mikroplarla etkilesimlerde énemli ekolojik roller oynarlar ve cezbedici, caydirici, beslenmeyi dnleyici ve
fitoaleksin gibi davranirlar (Modzelewska et al., 2005).

Sekonder metabolitler icerisinde yer alan ¢ok sayida molekdl, alkaloidler olarak siniflandirilir
(Aniszewski, 2015). Ekolojik 6neme sahip muazzam bir fitokimyasal grubu teskil eden alkaloidler, cicekli
bitkilerde (Angiospermae) son derece bol olup bitkilerin hemen hemen tim organlarinda genis bir dagilim
gOsterir (Chiocchio et al., 2021). Alkaloidler, bitki savunma mekanizmasinda (Trigo, 2011), allelopatik
etkilesimde (Liu & Lovett, 1993), tozlayici ¢ekiciliginde (Kessler et al., 2012; Mustard, 2020) 6nemli rol
oynarlar. Ayrica, alkaloidler gugli farmakolojik etkileriyle iyi bilinirler; nektari, bakterilere ve cigcek
nektarlarini tiketen ancak tozlagsmayan bdceklere kargi koruyabilen antimikrobiyal ve bdcek caydiric
Ozelliklere sahiptirler (Barlow et al., 2017).
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Birgok baklagil yem bitkisi tiirii kendine 6zgli sekonder bilesikleri icermektedir. Ornegin; yonca
(Medicago sativa L.)'daki fenolik asitler ve flavonoidler, Lespedeza [Lespedeza cuneata (Dumont) G.
Don] icindeki tanenler, ak t¢gul (Trifolium repens L.)'de siyanojenik glikozitler, yonca ve tc¢gul turlerindeki
bitki Ostrojenleri, tas yoncasi (Melilotus sp.)'ndaki kumarin, ¢cemen (Trigonella foenum-graecum L.)
bitkisindeki trigonellin, aci bakla tirleri (Lupinus sp.)ndeki fenolik bilesikler ve alkaloidler, bunlarin
arasinda yer almaktadir (Bajkacz et al., 2018; Sowa et al., 2019; Ferchichi et al., 2021; Igbal et al., 2021;
Horvat et al., 2022; Ozyazici, 2020, 2022). Bazi énemli baklagil yem bitkilerinde bulunan sekonder

metabolitler Cizelge 1'de 6zetlenmisgtir.

Cizelge 1. Kilturt yapilan bazi baklagil yem bitkilerindeki sekonder metabolitler

Table 1. Secondary metabolites in some cultivated legume forage crops

Sekonder metabolit sinifi  Cins veya turler

Kaynak

Saponinler Medicago sp.

Rafinska et al. (2017)

Trifolium pratense L.

Esmaeili et al. (2015)

Trigonella foenum-graecum L.

Joshi et al. (2022)
Naika et al. (2022)

Lathyrus sativus L.

Fazly Bazzaz et al. (1997)

Lotus corniculatus L.

Baali et al. (2020)
Abdel-alim et al. (2023)

Astragalus sp.

Platikanov et al. (2005)
Benchadi et al. (2013)

Flavonoidler Medicago sp.

Butkuteé et al. (2017)
Rafinska et al. (2017)
Raeeszadeh et al. (2022)

Onobrychis sativa L.

Quijada et al. (2015)

Lupinus sp.

Ruiz-Lépez et al. (2019)

Vicia sp.

Gamal-Eldeen et al. (2004)
Lee et al. (2017)
Mardani-Korrani et al. (2021)

Trifolium pratense L.

Medina (2022)
Kazlauskaite et al. (2023)

Trifolium repens L.

Petrovi¢ et al. (2016)

Trigonella foenum-graecum L.

Joshi et al. (2022)
Naika et al. (2022)

Lathyrus sativus L.

Bhattacharjee et al. (2018)
Bandana et al. (2022)

Lotus corniculatus L.

Baali et al. (2020)
Abdallah et al. (2021)
Abdel-alim et al. (2023)

Astragalus sp.

Platikanov et al. (2005)
Benchadi et al. (2013)
Liu et al. (2023)

Kumarin (fenolik bilesik) Melilotus sp. Luo et al. (2016)
Wu et al. (2021)
Tanenler Astragalus sp. Fazly Bazzaz et al. (1997)
Medicago sp. Fazly Bazzaz et al. (1997)
Melilotus sp. Ayadi et al. (2021)
Lupinus sp. Lampart-Szczapa et al. (2003)

Mavromatis et al. (2023)

Lathyrus sativus L.

Bhattacharjee et al. (2018)
Bandana et al. (2022)

Lotus corniculatus L.

Abdel-alim et al. (2023)

Trifolium repens L.

Fazly Bazzaz et al. (1997)

Trigonella foenum-graecum L.

Fazly Bazzaz et al. (1997)

Yogunlastiriimig tanenler Onobrychis sativa L.

Quijada et al. (2015)

Lupinus sp. Mavromatis et al. (2023)
Melilotus sp. Ayadi et al. (2021)

Alkaloidler Astragalus sp. Fazly Bazzaz et al. (1997)
Lupinus sp. Cortés-Avendafio et al. (2020)

Hama et al. (2022)
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Cizelge 1. (Devami)
Table 1. (Continued)

Sekonder metabolit sinifi

Cins veya tirler

Kaynak

Alkaloidler

Trifolium repens L.

Fazly Bazzaz et al. (1997)

Trigonella foenum-graecum L.

Giizel & Ozyazici (2021)
Joshi et al. (2022)
Naika et al. (2022)

Lathyrus sativus L.

Bhattacharjee et al. (2018)
Bandana et al. (2022)

Lotus corniculatus L.

Fazly Bazzaz et al. (1997)

Melilotus officinalis (L.) Pall.

Fazly Bazzaz et al. (1997)

Vicia villosa Roth

Fazly Bazzaz et al. (1997)
Mardani-Korrani et al. (2021)

Karotenoidler

Lupinus sp.

Boukid & Pasqualone (2022)

Polifenoller

Vicia sp.

Megias et al. (2018)
Vioque et al. (2020)

Lotus corniculatus L.

Baali et al. (2020)

Ugucu yaglar

Vicia sp.

Boussaha et al. (2023)

Trigonella foenum-graecum L.

Joshi et al. (2022)
Naika et al. (2022)

Astragalus sp.

Stambolov et al. (2023)

Terpenler

Trifolium pratense L.

Medina (2022)

Trigonella foenum-graecum L.

Joshi et al. (2022)

Lathyrus sativus L.

Bhattacharjee et al. (2018)

Lotus corniculatus L. Baali et al. (2020)

Sekonder Metabolitlerin Tozlagmadaki Rolleri

Sekonder metabolitler, giizel renk ve kokulariyla tozlayici ve dagditici ajanlari ¢ekerek tozlasma
mekanizmasini kolaylastirirlar. Baklagil yem bitkilerinde tozlasmada, genel olarak bdcekler etkin bir
sekilde goérev alirlar; ayrica, bazi eklembacakhlar ve omurgalilar da bu amagla rol oynarlar. Bu
tozlayicilarin gigekleri ziyaretinde, gicek renkleri ve kokulari etkili olurlar.

Bitki tir ve gesitlerine gore degiskenlik gdsteren gigek renkleri, gicek dokularinin kromoplastlarinda
veya hicre vakuollerinde bulunan pigmentlerin varhgindan kaynaklanmakta (Harborne, 2001); cicege
rengini veren bu pigmentlerin en 6nemli grubunu flavonoidler, antosiyaninler, karotenoidler ve bazi
alkaloidler olusturmakta (Harborne, 2001; Wink, 2018); farkli kokularin sergilenmesinde ise terpenoidler,
aminler ve fenilpropanoidlerin neden oldugu bilinmektedir (Wink, 2018). Monoterpenlerden B-ocimene,
¢ok sayida bitki familyasina ait trlerin gicek kokularinda yiksek miktarda bulunmaktadir (Farré-Armengol
et al., 2017, 2020). Monoterpenler gesitli tozlayicilar ¢ekebilir (Slavkovi¢ & Bendahmane, 2023). Nitekim
Wink (2013), bazi monoterpenlerin (Linalool, citronellol, limonene), tetraterpenlerin (Carotenoids) ve gicek
renk pigmentleri olan antosiyaninlerin (Delphinidin, peonidin, cyanidin gibi) tozlasan bocekleri gekmek gibi
aktiviteye sahip oldugunu bildirmistir. Birgok baklagil yem bitkilerinin tozlagmasinda etkili olan arilarin
beslenme kararini verirken sari ve mavi cigekleri, kelebeklerin ise kirmizi gigekleri tercih ettikleri ifade
edilmistir (Nicolson, 2011; Faegri & Van Der Pijl, 2013).

Benzer sekilde 6rnegin, B-myrcene’nin bombus arilarini ¢ektigi belirlenmistir (Byers et al., 2013).
Bombus arilari gigek yapilari nedeniyle cayir tggull (Trifolium pratense L.)'nin tozlasmasinda en etkili
polinatérler olarak bilinir. Bu itibarla, g¢ayir tgguliinde bulunan B-myrcene (Vlaisavljevi¢ et al., 2014;
Kazlauskaite et al., 2023)’nin bombus arilarinin tozlagsmasinda etkili oldugu sdylenebilir. Ayrica, Vlaisavljevi¢
et al. (2014) cayir Uggllinde monoterpenler, seskiterpenler ve diterpenleri tanimlayarak, bitkinin farkh
buyume devrelerinde (30 cm, 50 cm ve gigeklenme-kdmeg olusum) farkli sekonder metabolitlerin variigini
bildirmiglerdir. Arastirmacilar, bitkiler 30 cm’de iken, p-cymene (%3.59), limonen (%3.86), B-ionone (%9.46);
50 cm’'de iken, fitol (%14.54) ve 2-pentanon (%6.66) ve kdme¢ devresinde ise sadece dihidrokarvon
(%6.47) tespit etmislerdir.
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Gazalboynuzu (Lotus corniculatus L.) giceginin sari rengi, ydnu, boyutu, tag yapragr morfolojisi,
sukroza hakim nektar bilesimi ve gicegin kokusu ile birlikte kuslarin tozlasmaya gegisine katkida bulunan
bir faktor olarak bildirilmistir (Cronk & Ojeda, 2008).

Ciceklerdeki nektar ve polenin yapisi-kimyasal 6zellikleri tozlasmada etkili bir faktérddir. Nektarlarin
¢ogu, tozlayicilar icin édnemli bir besin kaynadi olan seker c¢ozeltilerinden olusur. Nektarin tadi genel
olarak cok tatli olup, seker icerigi % 15-75 arasinda degisir (Harborne, 2001). Bunun yani sira, bazi
bitkilerin nektari, gicek ziyaretgileri icin caydirici ve hatta zehirli (Adler, 2000; Stevenson et al., 2017),
bazilari i¢in de ¢ekici olabilir. Nektarin bu 6zelligi yapisindaki sekonder bilesiklerden kaynaklanmaktadir.
Bitki sekonder metabolitleri sadece yapraklarda bulunmamakta olup, ayni zamanda nektar gibi cicek
salgilarinda da yaygindir (Adler, 2000). Yapilan bir arastirmada, genel olarak ¢igcek nektarlarinda % 36
oraninda fenolik bilesiklerin, % 8 oraninda da alkaloidlerin yer aldidi bildiriimektedir (Baker, 1977). Cesitli
bitki tdrlerinin nektarlarinin analizi, 6zellikle alkaloidlerin mevcut olabilecegini dogrulamistir (Harborne,
2001). Bununla birlikte son caligsmalar, nektardaki konsantrasyonlarinin diger bitki kisimlarindan daha
dislk oldugunu gdstermektedir (Cook et al., 2013). Nektardaki bu sekonder bilesikler bitki-tozlayici
etkilesimlerine aracilik edebilmektedir (Baker, 1977). Couvillon et al. (2015), nektarin sekonder
metabolitlerinin, tozlayicilar igin cezbedici olabilecegini ve tozlasma davraniglarini artirabilecegini
bildirmektedirler. Nitekim, nektardaki fenollerin istenmeyen ziyaretgileri ilging bir bicimde caydirabildigi
(Verdnica et al., 2014; Nicolson et al., 2015); ayni zamanda da, etkili tozlayicilari ¢ekebildikleri ve bitkiye
tozlayici baglihgini gtglendirebildikleri belirlenmistir (Zhang et al., 2018).

Nektardan daha erigilebilir durumda olan polen, bircok cigek ziyaretgisi (bdcekler ve arilar)
tarafindan toplanir. Polen genel olarak % 16-30 protein, % 1-7 nisasta, % 0-15 serbest seker ve % 3-10
yag icermekte; eser miktarda vitamin ve inorganik tuzlar ile dedisen miktarlarda da sekonder bilegikler
bulunmaktadir. Polene rengini veren genel olarak karotenoid ve flavonoidlerdir (Harborne, 2001). Farkli
bitki turlerine ait polenlerin boécekler tarafindan algilanabilen karakteristik kokularina neden olan bilesikler,
yine kimyasal agidan cicegin koku ilkelerine benzedigi bildiriimekte; polendeki bu bilesiklerin farkhlidi, ar
gibi tozlayicilarin belirli bir bitki tirinin gicekleri ile poleni arasinda ayrim yapmasini saglamaktadir
(Harborne, 2001). Flavonoid alt sinifinda yer alan ve organik bir bilesik olan quercetin (Riddick, 2021),
polenlerde bulunan en bol flavonollerden biridir (Ozcan et al., 2019; Yang et al., 2020). Cicek tag
yapraklarina rengi veren bu bilesik, tozlayicilari giceklere ve polenlere c¢eker. Baklagil yem bitkileri
icerisinde Medicago sativa (Abouzeid et al., 2023; Mittal et al., 2023), Onobrychis sp. (Hashemzaei et al.,
2017), Vicia sp. (Saleem et al., 2014; Vioque et al., 2020; Salehi et al., 2021; Ogbole et al., 2023),
Trifolium pratense (Tava et al.,, 2015; Cdlgecen et al., 2020) Trifolium repens (Ahmad et al., 2020),
Trifolium subterraneum (Molinu et al., 2023), Lotus corniculatus (Fumic¢ et al., 2019; Yerlikaya et al.,
2019), Pisum sativum (Neugart et al., 2015) tirlerinde, quercetin gibi fenolik bilesiklerin varligina isaret
edilmistir. Kazlauskaite et al. (2023), gayir Ug¢gulu (Trifolium pratense L.) gicek ekstraktinda, ylUksek
miktarda toplam fenolik bilesikler (74.00 £ 0.15 mg GA/g dw) ve toplam flavonoidler (19.50 + 0.04 mg
RU/g dw) bulundugunu rapor etmiglerdir. Yine cayir Uggullu bitkisi gigeklerinde Tundis et al. (2015),
luteolin (16.7 mg/g), kaempferol (0.8 mg/g) ve mirisetin (0.5 mg/g) flavonoidlerinin tanimlanmasini
gerceklestirmiglerdir. Ayni bitkide yapilan dijer bazi g¢alismalarda da apigenin, daidzein, genistein
(Vlaisavljevi¢ et al., 2017), formononetin ve biyokanin (Quiroz et al., 2017) gibi izoflavonlar belirlenmistir.
Dolayisiyla polendeki sekonder bilesikler ve bunlarin bilegsenleri, tozlayicilarin bitkileri ziyaret etmesinde
etkili olmakta ve tozlasmanin gergeklesmesinde énemli rol oynamaktadir.

Ote yandan bitki sekonder metabolitlerinin tozlasmada dolayli yénden de olumlu etkileri s6z
konusudur. Nektar, antimikrobiyal islevler de saglayabilen cesitli 6zel sekonder metabolitler de igerir
(Schmitt et al., 2021). Cicek nektari ve polende bulunan sekonder metabolitler, antimikrobiyal etkilerine
bagh olarak (Wallace, 2004), tozlayicilari parazitlere ve patojenlere karsi koruyabilir. Bu anlamda,
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sekonder metabolitler arilarin i¢ bagirsak parazitlerine karsi aktif olarak etkili olabilmekte ve yiyecek
arayan arilarda patojen enfeksiyon ylkinl azaltabilirler (Richardson et al., 2015; Koch & Stevenson,
2017; Koch et al.,, 2019). Bu durum, arilarin tozlasmada daha etkin hale gelmesini saglayabilir ve
tozlasma artabilir. Bununla birlikte, tozlayicilarin ¢ogu igin sekonder metabolitlerin saglik yararlar
bilinmemektedir (Nicolson, 2022). Sekonder bilesiklerin nektarda antimikrobiyal aktivite g0sterip
g0Ostermedigini dair daha ¢ok ¢alismanin yapilmasi gerekliligi bulunmaktadir.

Sekonder metabolitlerin bir diger dolayli etkilerinden biri de; ¢icek nektarinda bulunan bu bilesikler,
nektari kolonize eden mikroorganizmalar da dahil olmak Uzere tozlayici olmayanlar tarafindan yapilan
hirsizlid1 azaltarak bitki-tozlayici iliskisinde etkinligi arttirmasidir. Bununla birlikte, az sayida ¢alisma bu
hipotezi test etmistir (Vannette & Fukami, 2016).

Sekonder metabolitlerin arilar lizerindeki etkileri, metebolitlerin bilesenlerine, doza ve mevsime
(Singaravelan et al., 2006; Stevenson et al., 2017) bagli olarak degiskenlik gésterebilmektedir. Ornegin,
kafeik ve genistik asitler gibi fenolik maddelerin disik konsantrasyonlari bal arilari icin ¢ekici 6zellik
gosterirken, yuksek konsantrasyonlari tersi bir etkilesim ortaya c¢ikardigi rapor edilmistir (Hagler &
Buchmann, 1993). Benzer sekilde, yaz baslarinda disik konsantrasyonlardaki amigdalin bilesikleri
salgisi arilar icin tercih sebebi iken, daha sonraki donemlerde cezbedici 6zellik gostermedigi bildiriimistir
(London-Shafir et al., 2003). Serbest ugan bal arilarinin gicek nektarinda dogal olarak olusan doért farkli
sekonder bilesik (nicotine, anabasine, caffeine, ve amygdalin) konsantrasyonuna tepkisini ortaya
¢cikarmayl amagclayan bir arastirmanin sonuglarina gore, anabasin disinda dogal olarak olusan sekonder
bilesik konsantrasyonlarinin caydirici bir etkisi olmadidi, dusuk nikotin ve kafein konsantrasyonlari énemli
bir beslenme tercihi oldugu belirlenmistir (Singaravelan et al., 2005).

Baklagil yem bitkilerinden aci bakla tirleri (Lupinus sp.), ©6zellikle tohumlarda cok yuksek
konsantrasyonlarda (agirlikca % 3) bulunan spartein ve lupanin dahil olmak Uzere birka¢ kinolizidin
(quinolizidine) alkaloidi Uretirler (Hatzold et al., 1983). Yapilan arastirma sonuglari, toksik ve bdcekler icin
itici olan bu alkaloidlerin birincil islevlerinin bitkileri bécek saldirisindan korumak oldugunu géstermistir
(Kordan et al., 2012). Lupanin ve onun bazi tlrevlerinin polende 2 mg/g’i asan konsantrasyonlarinin aci
baklalar igin tozlasan Bombus terrestris ari tirinde 6lim oranini arttirmasa da, ari populasyonunu
etkilemistir (Arnold et al., 2014).

Bitki sekonder metabolitleri, tozlagsan hayvanlari ¢ekmek icin sinyal bilegikleri olarak islev gérir
(Wink, 2020). Bu anlamda baklagil yem bitkisi turlerinin nektarindaki bitki sekonder metabolitleri, 6rnegin;
Lupinus angustifolius’da yer alan izoflavonlar (licoisoflavone A) caydirici (Lane et al.,, 1987), lipen
turlerindeki (Lupinus sp.) alkaloidler (pyrrolizidines, quinolizidines) toksik (Wink, 2019), Trifolium repens’te
bulunan siyanojenik glikozitler (linamarin) cezbedici (Zagrobelny & Megller, 2011) 6zellikleri ile tozlayicilar
Uzerindeki etkileri s6z konusudur.

SONUC

Renk ve cgicek kokusu ile birlikte gicek yapisini olusturan nektar ve polenin kimyasal bilesimi gicek
ziyaretgileri icin cazibe 6zellikleri arasindadir. Bu 6zellik, nektar ve polendeki pigmentlerin, kimyasal ve
organik bilesiklerin ana kaynagi olan ikincil metabolitlerin Gretiminin sonucudur. Sekonder metabolitler
tozlayicilari ¢ekmenin yani sira, bu metabolitler bitkilerin dogal dismanlarini (nektar hirsizlari,
mikroorganizmalar) veya patojen tozlayicilari uzaklastirabilir; bu durum, tozlagsmayi arttirabilir ve dolayli
olarak nihayetinde meyve ve tohumlarin Uretimini etkileyebilir.

Sekonder metabolitler, bir hicrenin veya organizmanin yasamasi igin gerekli olmayan, ancak
onlarin gevresiyle etkilesiminde rol oynayan bilesiklerdir. Bu yonlyle sekonder metabolitler, yasamsal bir
dongu icerisinde surdirdlebilir ekosistemin énemli bir pargasi olan tozlagsmanin, en énemli bilesenleridir.
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