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ARASTIRMA MAKALESI RESEARCH ARTICLE

Comparison of Secondary Metabolites and Essential Oil Content of Some Origanum
Species

Bazi Origanum Tiirlerinin Sekonder Metabolitleri ve Ugucu Yag Iceriklerinin
Karsilastirilmasi

Muhsin AGAMIRZAOGLU™, Negar VALIZADEH?, Amir RAHIMI?
Abstract

Origanum genus is one of the most widely used herbs in folk medicine for its biological properties. This study was
performed to determine the morphological and phytochemical properties of five species of Origanum including
O. majorana, O. onites, O. syriacum, O. vulgare subsp. vulgare and O. vulgare subsp. hirtum as important
ethnomedicinal plants. The study was performed at a Research Farm based at Urmia University, Iran. The plants
were collected from various places for determining some quantitative properties, antioxidant compounds, and
essential contents. The results showed that the highest plant height (86.4 cm) was observed in O. vulgare subsp.
hirtum. The highest fresh weight and dry weight were observed in O. onites (826 and 250 g) and O. vulgare subsp.
hirtum (727.64 and 230 g) species in comparison to others, respectively. However, the highest essential oil,
essential oil yield per plant, and essential oil yield per ha were 5.26%, 1.71 g and 114 kg ha™%, respectively, which
was observed in O. vulgare subsp. hirtum species. The quantitative analysis revealed higher content of total phenol
(51.12%), flavonoid (6.93%), 2, 2-diphenyl-1-picrylhydrazyl (DPPH), (54.29%), superoxide (50.04%) and radical
scavenging activities in O. vulgare subsp. hirtum species, but the O. onites species showed higher (21.60%) nitric
oxide radical scavenging activities compared to other species. The essential oil analysis revealed that the thymol
(6.90-59.89%), carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene
(2.71-4.28%) were the most prominent compounds in the studied species of the genus Origanum. Cluster analysis
showed two main categories and high similarity between O. onites and O. vulgare subsp. hirtum. The findings of
the current research indicate that O. vulgare subsp. hirtum was the best species in terms of phytochemical
properties.

Keywords: Marjoram, Phytochemicals, Secondary metabolites, Thymol
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0z

Origanum cinsi, biyolojik 6zelliklerinden dolay1 geleneksel tipta en ¢ok kullanilan sifali bitkilerden biridir. Bu
¢aligma, bes Origanum tiiriniin, O. majorana, O. onites, O. Syriacum, O. vulgare subsp. vulgare ve O. vulgare
subsp hirtum morfolojik ve fitokimyasal &zelliklerini belirlemeyi amaglamaktadir. Caligma, fran Urmiye
Universitesi aragtirma alaninda yiiriitiilmiistiir. Bitkiler bazi kantitatif 6zellikleri, antioksidan bilesikleri ve ugucu
yag igeriklerini belirlemek i¢in ¢esitli yerlerden toplanmistir. Sonuglara gore en yiiksek bitki boyu (86.4 cm) O.
vulgare subsp. hirtum g6zlenmistir. En yiiksek taze bitki agirhigi ve kuru agirligi diger tiirler ile karsilagtirildiginda
O. onites (826 ve 250 g) ve O. vulgare subsp. hirtum (727.64 ve 230 g) tiirlerinde goriilmiistiir. Fakat en yiiksek
ugucu yag, bitki basina ugucu yag verimi ve hektar basina ugucu yag verimi sirastyla %5.26, 1.71 g ve 114 kg/ha
ile O. vulgare subsp hirtum tiiriinde gézlenmistir. Kantitatif analiz sonuglarina gore; en yiiksek toplam fenol igerigi
(%51.12), flavonoid (%6.93), 2, 2-difenil-1-pikrilhidrazil (DPPH), (%54.29), siiperoksit (%50.04) icerigi ve
radikal yakalama aktiviteleri O. wvulgare subsp. hirtum’da ortaya konmustur, ancak diger tiirlerle
karsilastirildiginda, O. onites daha yiiksek (%21.60) nitrik oksit radikali yakalama aktiviteleri gostermistir. Ugucu
yag analizleri, Origanum cinsinin incelenen tiirlerinde, timol (%6.90-59.89), karvakrol (%0.83-48.91), y-terpinen
(%6.18-55.20), p-simen (%94 0.50-0.20) ve a-terpinenin (%2.71-) temel bilesenler oldugunu gostermistir. Kiime
analizi, O. onites ve O. vulgare subsp hirtum arasinda iki ana kategori ve yliksek benzerlik gostermektedir. Bu
aragtirmanin bulgularina gore fitokimyasal 6zellikler a¢isindan O. vulgare subsp hirtum’un en iyi tiir oldugu
belirlenmistir.

Anahtar Kelimeler: Mercankdsk; Fitokimyasallar; Sekonder Metabolitler; Timol
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1. Introduction

Medicinal plants are sources of various secondary metabolites with high pharmaceutical activities (Pandey et
al., 2019; Mirzapour et al., 2022; Rahimi et al., 2022; Faridvand et al., 2021; Salvo et al., 2018). Secondary
metabolites have high added value depending on their production and supply. The value of raw medicinal herbs
and their products is significantly growing in the world markets (Pezzani et al., 2017; Tripathy et al., 2017; Rahimi
et al., 2022), with ever increase in their demand and selling (Bhardwaj et al., 2019; Ramakrishna et al., 2019)
which emphasis on replacing chemically produced medicines with natural medicines (Duleti¢-Lausevi¢ et al.,
2018; Morshedloo et al., 2018; Aktepe et al., 2019). Many flowering and aromatic plant species in the Lamiaceae
family, that are distributed worldwide, are mainly cultivated for their fragrant leaves and attractive flowers (Amiri
et al., 2018; Méabed et al., 2018; Moghrovyan et al., 2019; Pandey et al., 2019; Raudone et al., 2018). The species
in the genus are highly valued due to the presence of aromatic compounds present in the external glandular
structures that produce volatile oils (Ramakrishna et al., 2019; Spyridopoulou et al 2019). These species are widely
utilized as pharmaceutical and flavoring herbs around the world and include biologically active elements such as
phenolic glucosides, flavonoids, resins, tannins, terpenoids, and sterols (Pezzani et al., 2017; Tripathy et al., 2017).
According to Salvo et al. (2018) and Ramakrishna et al. (2019), carvacrol in Origanum essential oil presumably
interacts with the release and/or production of inflammatory mediator molecules including prostanoid, hence
improving the process of healing stomach ulcers.

Some researchers have demonstrated that oregano essential oil has antioxidant, antibacterial, antifungal, and
antimicrobial effects, as well as the ability to treat gastrointestinal ailments (Elshamy et al., 2018; Mirzapour et
al., 2022; Marrelli et al., 2018). This explains why such crops are highly sourced by the nourishment, cosmetic,
pharmaceutical, and medical industries (Spyridopoulou et al., 2019). These species are also used for seasonings,
flavor-enhancing, and increasing the shelf life of foods (Bhardwaj et al., 2019; Koleva et al., 2018) making them
very popular in the ethnomedicinal culture of the Middle East including Tiirkiye (Oke-Altuntas et al., 2018). These
plant species are adapted to diverse climates and are frequently utilized in the cosmetics and pharmaceutical
industries due to their very diverse aromatic constituents. Medicinal properties of such species are often ascribed
to the presence of high contents of volatile compounds. O. vulgare, O. majorana, O. onites, O. syriacum are the
most plentiful among the genus Origanum (Salvo et al., 2018; Kaplan et al., 2019).

It is possible the pharmaceutical properties and antioxidant effects of different Origanum plant species differ
from one another (Hassan et al., 2020). Therefore, it is important to explore the detailed phytochemical properties
of these plant species for wider utilization. This will encourage their widescale extensive cultivation. Therefore,
this study’s key objective was to evaluate the secondary metabolites and morphological properties of five
Origanum species cultivated in Urmia and to encourage their wide range of commercial products based on
scientific standards.

2. Materials and Methods
2.1. Study Area

The study was executed in a Research farm based in the Plant Production and Genetics Department, Urmia
University, Iran, during the crop years of 2016-2017. It was carried out in randomized blocks, and replicated thrice.
The climate data of the research location (Urmia University, Iran), as well as soil analysis results from the site, were
recorded. The plant nursery of five Origanum species (O. onites, O.majorana, O.syriacum, O. vulgare subsp. vulgare
and O. vulgare subsp. hirtum (Figure 1) was conducted in a greenhouse. The seeds were planted in wrapped 1-liter
plastic pots with equally distributed peat moss, sand, and soil. The pots were regularly watered based on greenhouse
situations and the phase of plant growth. Once the seed germinated to form nursery seedlings, they were transplanted
to the experimental fields in autumn. The experimental ground was plowed at a proper moisture condition of 70-75%
using sentek soil moisture probes (capacity of the field) and smoothed. Phosphorus and potassium fertilizers were
added before seeding, following the recommendations of the soil analysis report, and furrowed in 50 cm rows.
According to the recommendations in the soil analysis report, nitrogen fertilizer was used during the planting and
vegetative phases. Watering was carried out at 60% moisture content in the upper (0-30 cm) soil layer. Harvesting of
leaves was done at 50% flowering in the second year two times. The harvested plant leaves were dehydrated at room
temperature until they attained a constant 8-10% moisture level by weight.
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Figure 1. Five species of Origanum. O. vulgare subsp. hirtum, a) O. majorana, b) O. onites, ¢) O. syriacum,
d) O. vulgare subsp. Vulgare, €) at different stages of growth under field condition

2.1. Soil Physiochemical Characteristics

The climatic parameters of the research region and the physicochemical parameters of the five soils
investigated (Table 1). The soil pH, was classified as neutral (with a range of 6.5 - 7.5). Due to low EC (less than
2 dS m), this soil could not be classified as alkaline. The soil had relatively a loamy texture with high organic
carbon (1.15%). These conditions are appropriate for the growing of Origanum species. Based on soil nutrient
analyses, there was no need of fertilizer application to the soil (K and P concentrations were more than 60 and 15
mg kg, respectively). Both organic and inorganic fertilizers are utilized in excess, particularly in Iran, which
exceeds the recommended doses (Heydarzadeh et al., 2021a, b). This results in an accumulation of inorganic and
organic elements in the soil that eventually degrade with time (Heydarzadeh et al., 2022; Mwadalu et al., 2022;
Mirzapour et al., 2022; Amiri et al., 2018).

2.2. Soil Analysis

Five soil samples of studied experimental areas were congregated at random from 0-30 cm deep soil in the
experimental fields during autumn using a stainless-steel auger (Table 2). The samples were scrupulously mixed and
air-dried at a temperature of 25 °C. This sample was ground and filtered to pass via a two-mm sieve for lab analysis
following the methods described by Raudone et al. (2018). Soil electrical conductivity and (EC) pH were evaluated
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using 1 soil: 5 water (w/v) ratio with a pH meter (specifically the model of the meter was inolab® pH 7110) and a glass
electrode (model 712 conductometer) respectively. Organic matter was measured according to organic matter oxidation
using HxSO4 and K>Cr207 then titrating with FeSO4. The soil-available phosphorus (P) is the main indicator for
determining soil-plant availability (Mirriam et al., 2022). Briefly, in a 50 ml extraction bottle, 20 ml of NaHCO3
(containing 0.5 mol I*at a pH of 8.51) and a gram of air-dried soil sample were combined, and the bottles were
mechanically shaken for 30 minutes. This was followed by filtration, then P was evaluated by spectrophotometer using
the colorimetric technique with ascorbic acid at 820 nm. Available K was assessed using 1 M C:H/NO.. The
hydrometer method was used to measure particle size distribution (Amiri et al., 2018).

Table 1. Outdoor climatic data of the experiment area*

Month Year Average_ rglative Average monthly Mf)n_thly
humidity temperature precipitation
January 2016 63.2 -1.1 59.0
2017 45.7 -4.4 4.4
February 2016 63.1 4 11.0
2017 65.4 -4.2 39
March 2016 60.1 7.2 31.3
2017 54.8 6.3 20.4
April 2016 54.7 12.3 57.9
2017 56 11.6 59.9
May 2016 57.3 16.6 42.8
2017 52 17.6 11.9
June 2016 51.4 20.6 28.7
2017 47.3 22.7 0
July 2016 42.1 24.4 55
2017 40.7 26.3 0.1
August 2016 50.1 24.6 0
2017 52.4 25.2 0.6
2016 62 185 0
September 2017 63 21.1 0
2016 73.1 11.5 16
October 2017 69.4 12.6 1.8
November 2016 70.6 4 12.2
2017 73 6.3 38.4
December 2016 50.7 -2.6 65.6
2017 48.3 1.7 6.8

*Urmia Meteorology Organization, Urmia, Iran

Table 2. Mean physiochemical characteristics of the studied experimental areas

pH EC OoC Olsen-P  Available -K  CaCOs Sand Silt Clay
(ds m™) (%) (mg kg™) (mg kg™) (%) (%) (%) (%)
7.33 0.07 1.15 37.61 165 9.1 45 32 23

2.3. Plant Analysis

For extract preparation, the leaves of Origanum species were harvested from the experimental field ensued by
chopping and drying at (23 °C) and thereafter after powdering. The extraction solvent was methanol. The extraction
process involved adding 2 grams of the soil sample into 25 mL of the solvent which was then mixed at low rpm for
180 minutes. Thereafter, the extract was sieved via a Whatman filter paper sourced from Whatman Ltd., England. A
magnetic stirring was used during different steps of the extraction. Sample solutions were concealed with aluminum
foil to avoid exposing the sample which was then kept at 4 °C in dark.
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2.4, Total Phenolic Content (TPC)

The cumulative phenolic content in leaves was assessed by employing the Folin-Ciocalteau method as documented
by Singleton et al. (1999). In this case, 1600 L of distilled water and 10 L of methanolic extracts were combined and
treated at 25°C for 5 min with 200 L of Folin-Ciocalteau reagent. For 30 minutes, the mixture was then kept in the dark
while being maintained at 25°C after 200 L of sodium carbonate (which was at 7.5%) was added. This was followed
by measurement of the TPC quantitates which was determined by reading the sample’s absorbance at 760 nm in a DB-
20/DB-20S UV/Visible spectrophotometer. TPC was calculated as mg gallic acid g* dry weight using gallic acid as an
external standard.

2.5. Total Flavonoid Content (TFC)

The AICI; colorimetric method was used to evaluate the TFC extracts. In brief, 150 L of NaNO3 (5% W/V) was
combined with 30 L of the leaves extract and incubated for 5 minutes. After this, 3 mL of aluminum chloride
hexahydrate (this was a 10% W/V solution) was added and it was incubated for another 5 minutes. Thereafter, the
mixture was dissolved to the desired concentration by addition of the enough mL of 1.0 M NaOH in deionized water.
The solution's absorbance was then evaluated using a spectrophotometer calibrated at 510 nm. This was done during a
30-minute incubation at 25°C in the darkness. The external standard for TFC quantification was Quercetin (QE), and
TFC was reported as mg QE g dry weight (Gayoso et al., 2016).

2.6. Radical Scavenging Activity (RSA)

By employing the colorimetric method reported by Brand-Williams et al. (1995), the RSA of samples was
measured. The combination of 2.0 mL of DPPH solution and 15 pL of methanolic extract was equilibrated for 30 min
at 20°C in the darkness. The solution's absorbance was evaluated at 517 nm. The DPPH inhibition was computed using
the following formula (Elshamy et al., 2018).

Inhibition (%) = [(Ab control — Ab sample) /Ab control] x 100 (Eq. 1)
Where Ab conrorand Ab sample are the respective absorbance of the control and the sample.
2.7. Superoxide Radical Scavenging Activity (SRSA)

For measurement SRSA (Jing et al., 1995), in 9 ml of 5 mM Tris-HCI (buffered at a pH of 8.2), 1 ml of extract was
added. Thereafter, 40 uL of 4.5 mM pyrogallol was added. After shaking for 3 min, the solution's absorption spectrum
at 420 nm was evaluated using a spectrophotometer. SRSA was then expressed by the oxidation degree of the test
group in relation to that of control. Equation 2 was used to determine the percentage of scavenging activity (Amiri et
al., 2018; Méabed et al., 2018).

SRSA (%) = [(AbO — Ab1/Abg)] X 100 (Eq. 2)

Where Ab, is the absorbance of the Tris-HCI buffered with pyrogallol whereas Ab; denote the absorbance of the
extract.

2.8. Nitric Oxide Radical Scavenging Activity (NORSA)

Griess Illovsoy reaction can be used to evaluate nitric oxide radical inhibition (Garrett, 1964). The Griess Illosvoy
reagent was altered by substituting naphthyl ethylene diamine dihydrochloride (this was a 0.1% wi/v solution) with 1-
napthylamine (5%). About 3 mL of a solution containing phosphate buffer saline (0.5 mL), sodium nitroprusside (10
mM, 2 mL), and Artemisia vulgaris extract (25 to 125 mg/mL), was incubated for 150 min at 25°C. After incubation,
1 mL of sulfanilic acid reagent (containing 20% glacial acetic acid) was mixed with 0.5 mL of the solution and left for
5 minutes to complete diazotization to take place. Before being left for 30 min at 25°C, 1 mL of naphthyl ethylene
diamine dihydrochloride was added and mixed thoroughly. In diffused light, a pinkish chromophore was observed.
Using a spectrophotometer, the absorbance (at 540 nm) of this solution was recorded in comparison to the
corresponding blank solutions. Equation 3 was then used to evaluate the radical inhibition of nitric oxide (Tripathy et
al., 2017).

NORSA (%) = [(Ab control — Ab sample) /Ab control] X 100 (Eq. 3)

Where Ab smple IS the absorbance that was recorded in the presence of the samples of the extracts or standards while
AD contral Was the absorbance from the control.
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2.9. Growth Parameters

The growth parameters that were assessed were plant height, herbage dry weight, and plant fresh weight at the full
flowering stage. Theses plant samples were oven-dried at 39°C to constant weight which was achieved after 48 hours.

2.10. Essential Oil (EO) and Essential Oil Yield (EOY)

Extraction of EO was done according to the method of distillation with water and using a Cloninger device. In
order to collect the essential oil, after opening the valve and draining the water, the essential oil was collected in a small
bottle that was weighed with a digital scale of 0.0001. Then these bottles were weighed and the weight of essential oil
per 100 grams of dry leaves was calculated (Adams et al., 2007). EQY was calculated using Equation 4.

EOY = EO X herbage dry weight (Eq. 4)
2.11. Gas Chromatographic-mass Spectrometric Analysis of Essential Oil

Using a Clevenger-type device, dried aerial portions of the plants were hydro-distilled for 3 hours in 500 mL water.
Gas Chromatography (GC) analysis was performed to distinguish different compounds in essential oil. The Hewlett
Packard 6890 N GC with FID detector and an HP 5MS 30 m by 0.25 mm by 0.25 um film thickness capillary column
was used for all GC examination. The temperature of the column was controlled to increase from 50°C to 150°C at a
frequency of 3°C min’. Temperatures rise were set at 220 °C and 290 °C for calibration of the injector and detector,
respectively. Helium was equally used as a carrier gas at a constant flow rate of 1 mL min’. Analyses of the gas
chromatography-mass spectrometry (GC/MS) were executed using mass selective detector (a Hewlett Packard 5973)-
6890 GC/MS system which was operating in the electron ionization structure with 70 eV ionization energy. This was
equipped with film thickness capillary column with dimensions of HP 5MS 30 m by 0.25 mm by 0.25 um. Here the
carrier gas used was He (1 mL min-'). The initial temperature of the column was set at 50 °C, with a gradual increase
in heat to 150 °C at a frequency of 3 °C min't. This temperature was maintained for 10 min after which it was escalated
to 250 °C min™. Thereafter, automatic injection of diluted of 1.0 pL of samples (1/100 in acetone, v/v) was done in the
spitless mode. The chemical substances identified in this research were identified by comparing their retention
durations and mass spectra to those derived from the Flavor 2. L, NIST98.L, and Wiley7n.1 spectral and literature
records (Pezzani et al., 2017; Sefeer et al., 2018). FID chromatograms were used to evaluate the relative percentages
of the separated substances.

2.12. Statistical Analysis

For this study, Info Stat software, version 2010 was used for data analysis. The standard deviations and means were
determined. To discover significant differences between means, ANOVA (analysis of variance) and the LSD (Fisher's
multiple range) test were used. Pearson's test was used to do the correlation analysis.

3. Results and Discussion

The various species of Origanum were significant for the total phenol, total flavonoid, DPPH radical
scavenging capacity, superoxide radicals scavenging capacity, nitric oxide radicals scavenging and chain-breaking
capacity, plant height, fresh weight, dry weights, essential oil, and essential oil yield (Table 3).

3.1. Total Phenolic Compounds (TPC)

The TPC forms a key diverse group of plant secondary metabolites which are linked to numerous
ecophysiological conditions. The TPC of Origanum species, determined by the Folin-Ciocalteau colorimetric
method, is shown in Table 4, which ranged from 36.21 to 51.12 mg GAE g* dry weight. For TPC, there were
considerable variances among the investigated species. The utmost and the lowermost TPC levels were observed
in O. vulgare subsp. hirtum and O. syriacum species, respectively. Comparing the results of this study with others
noted that TPC in Iranian Origanum species was 2 times higher compared to the same species collected under
Turkish conditions (Morshedloo et al., 2018; Raudone et al., 2018). Moghrovyan et al. (2019) demonstrated that
climate conditions affected the antioxidant activities and TPC contents. Changes in phenolic chemicals in various
species may be caused by genetic background and growth circumstances (Elshamy et al., 2018). Environmental
variables have a paramount influence on phenolic content (such as rainfall, soil compaosition, temperature, and UV
radiation) (Gayoso et al., 2018). Climate change, predators, disease invasion, nutritional restriction, and excessive
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irradiation can increase not only the reactive oxygen species (ROS) but also the free radicals (Ngugi et al., 2021).
This results in increased antioxidants in plants such as phenolic compounds (Marrelli et al., 2018; Koleva et al.,
2018). Itis widely presumed that an enzyme which is found in various plant species called phenylalanine ammonia-
lyase (PAL) functions as a prominent indicator of environmental stress factors in plants.

Table 3. The results of the analysis of variance for various Origanum species
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Error 8 1339 027 1371 1167 394 1049 412 1.773,16 285.89 023 002 94.05
C.V (%) 889 1092 7.42 10.16 1132 1143 3.19 955 12.23 1449 1342 1347

ns, * and ** show non-significance and significance at the p < 0.05 and p < 0.01 level, respectively.

Table 4. Total phenolic compounds of various Origanum species

Species
Compounds . . O. vulgare subsp. O. vulgare subsp.
P 0. majorana O. onites 0. syracum vulg uosp v g uobsp
vulgare hirtum
TPC (%) 41.12+0.56 43.22 +0.40 36.21+0.61 41.59+0.88 51.12 £0.32
TFC (%) 4.23 +0.25 4.43 +0.33 3.93+0.38 4.30+0.21 6.93 £0.44

3.2. Total Flavonoid Contents (TFC)

Flavonoids are plants' bioactive chemical components that can be identified in almost every part of the plant.
They are fundamental for floral coloration and fragrance, as well as for protecting plants from UV degradation.
Consequently, UV radiation significantly increases flavonoid synthesis (Moreno et al., 2018). There were
considerable differences among the investigated species for TFC. In this case, TFC of the five Origanum species
ranged from 3.93 (in O. syriacum) to 6.93 (in O. vulgare subsp. hirtum) mg QE g* dry weight (Table 4).
Differences among the Origanum species in TFC may be attributed to variances in the species' genetic background.
The results of the current study are in line with previous findings (Amiri et al., 2018; Méabed et al., 2018). Bonea
and Urecheam, (2018) determined that the flavonoid content of three Origanum species was around 2.14-4.29 mg
QE g* dry weight. These differences are presumed due to the plant genotype and their interaction with the local
climatic conditions.

3.3. Total Antioxidant Activity

There are several mechanisms used for measuring antioxidant activities. In the current project, the antioxidant
properties of the Origanum species were assessed using the DPPH method. The scavenging activity of DPPH
radicals in leaf extracts of these species ranged from 39.47 to 53.79% (Table 5). In the DPPH assay, the uppermost
antioxidant activity was noted in O. vulgare subsp. hirtum whereas the least activity by DPPH assay was obtained
in O. syriacum. Analogous results were found during the measurement of nitric oxide and superoxide antioxidant
activities. The O. vulgare subsp. hirtum species showed the highest nitric oxide and superoxide activity among all
species at 21.60% and 50.04% (Table 5).
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Table 5. Total antioxidant activity of different Origanum species

Species O. majorana O. onites O. syriacum O. vulgare subsp. O. vulgare
vulgare subsp. hirtum

DPPH (%) 50.56 £1.20 54.29 +£1.09 39.47 +£1.35 51.14 +0.99 53.79 +£1.17

Nitric oxide (%)  15.13 +0.05 16.62 £0.08 16.26 £0.04 18.05 £0.07 21.60 +0.04

Superoxide (%)  30.36 +£1.32  35.18 +1.56 21.29 £1.11 31.27 +£1.73 50.04 +£2.00

3.4. Plant height

The highest plant height (86.4 cm) was observed in O. vulgare subsp. hirtum. Also, O. vulgare subsp. Hirtum
and O. syriacum species had statistically similar effects on plant height. The lowest plant height (32.6 cm) was
obtained in O. majorana (Figure 2).
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Figure 2. Plant height of 5 Origanum species used in the current study
3.5. Plant fresh weight

The mean comparison for the Origanum species revealed that the highest plant fresh weight of 826 g was
obtained from O. onites, which did not differ significantly from O. vulgare subsp. hirtum species. The lowest one
(92 g) was obtained from the O. majorana species (Figure 3).
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Figure 3. Plant fresh weight of 5 Origanum species used in the current study
3.6. Dry weight

The highest dry weight (250 g) was observed in O. onites, Also, O. onites and O. vulgare subsp. hirtum species
had statistically similar effects on dry weights. The lowest dry weight (50 g) was obtained in O. majorana (Figure
4).
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Figure 4. Dry weights of 5 Origanum species used in the current study

Investigated subspecies differed in morphological traits (Figure 2, 3, 4). Obtained results indicate on significant
differences between examined Origanum subspecies and correspond well with the literature data (Weglarz et al.,
2020). However, it should be underlined that each subspecies is very variable itself and its morphological features
strongly depend on the population/accession origin (Kosakowska et al., 2019). Observed phenotypical plasticity
may be related to allogamous way of this plant’s reproduction as well as its heterozygous character. Traits such as
type of growth habit, lignification degree as well as branching, and foliar density can be important from the practical
viewpoint since they affect the yield of herbs and enable their mechanical harvest. In the present study, the plant
height, fresh and dry weight of Origanum herb species had a significant difference (Figure 2, 3, 4). Such results
may be related to the temperature requirements of Origanum herb species resulting from its origin (Weglarz et al.,
2020).

3.7. Essential Qil Percentage

The highest essential oil percentage was 5.26% (Figure 5), which was observed in O. vulgare subsp. hirtum
species. The lowest one (2.06%) was obtained from O. syriacum species, which did not differ significantly from
0. majorana, O. onites, and O. vulgare subsp. vulgare species (Figure 5).
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Figure 5. Essential oil percentage of 5 Origanum species used in the current study
3.8. Essential QOil Yield per Plant
The utmost EOY per plant was 1.71 g (Figure 6), which was obtained in O. vulgare subsp. Hirtum species.

The lowest one (0.66 g) was obtained from an O. syriacum species. Also, O. majorana, O. vulgare subsp. vulgare,
and O. onites species had statistically similar essential oil yields as that of O. syriacum species.
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Figure 6. Essential oil yield per plant of 5 Origanum species used in the current study
3.9. Essential Qil Yield per ha

Differences in the essential oil yield were observed in Origanum species in the present study. The lowest
essential oil yield (44 kg hat) was recorded in O. syriacum whereas the highest yield (114 kg ha') was observed
in O. vulgare subsp. hirtum (Figure 7).
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Figure 7. The yield of essential oil per hectare in different Origanum species

In Origanum subspecies (as well as in other Lamiaceae), glandular trichomes are multicellular epidermal
glands responsible for storage of essential oil. Two different types of these glands were recognized on the epidermis
of Origanum species: peltate and capitate glands (Weglarz et al., 2020). The glandular trichomes are built of one
basal cell, one stalk cell and a multi-cellular head, where essential oil is synthesized before being transferred to
subcuticular area (Kosakowska et al., 2019). Svidenko et al. (2018) claim that the location of glandular trichomes
have valuable taxonomical significance at the species level. In the present work, it is most likely due to the variable
formation of glandular trichomes among Origanum species, leading to differences in the amount of essential oil
(Figure 5, 6, 7). This pattern corresponds with studies undertaken earlier by Shafiee-Hajiabad et al., (2014).
However, the formation of glandular trichomes is variable and can be controlled by both genetic and environmental
factors (Kosakowska et al., 2019), It has led to a difference in the amount of essential oil. It is worth noting that
the relationship between the number of glandular trichomes and essential oil content has been found (Tables 4 and
5), what refers to results shown by Shafiee-Hajiabad et al. (2014).
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3.10. Principal Component Analysis (PCA)

The PCA for the assessed variables on essential oil, antioxidant compounds and quantitative traits for 5
Origanum species O. majorana, O. vulgare subsp. vulgare, O. syriacum, O. onites, and O. vulgare subsp. hirtum)
resulted in 67 and 21% variation being accounted for by the first (PC1) and second (PC2) principal components,
respectively (Figure 8). The variability in PC1 was mainly due to two groups of variables. The first one consisted
of the quantitative traits measured by O. onites species form a group characterized by plant height, plant fresh
weight, and plant dry weight. The second group consists of O. vulgare subsp. hirtum species, distinguished by
higher amounts of phenolic compounds, flavonoid contents, DPPH scavenging activity radical, nitric oxide,
superoxide, essential oil based on percentage, per hectare, and per plant. The second principal component (PC2)
was weighted by percentage biomass, and the projection of the variances based on the PCA revealed a significant
separation of this variable from the rest along the first axis.
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Figure 8. Principal component analysis of various origanum species
3.11. Cluster analysis

The results acquired from the cluster analysis indicated the presence of high inter-production variability in the
antioxidant compounds of various Origanum species. From the 5 production samples presented to a multivariate
evaluation, well-defined groups of antioxidant compounds were distinguished by using cluster analysis (Figure
9). According to the information, two subclusters were obtained: The first subset included three Origanum species
which were O. vulgare subsp. vulgare, O. majorana, and O. syriacum, and the second subset had two Origanum
species: O. onites, and O. vulgare subsp. hirtum.

3.12. Essential Qil Analysis

Various essential oil components were analyzed based on the GC-MS analysis. thymol (6.90-59.89%),
carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene (2.71-4.28%) were
the most prominent constituents in Origanum plants (Table 6). The uppermost level of Thymol was detected in
O.majorana and the lowest amount of it was obtained from O.vulgare-vulgare. The peak level of carvacrol
(48.91%) was noted in O. vulgare subsp. hirtum and the lowest amount of it (0.8%) was obtained from O. syriacum.
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Figure 9. Cluster analysis of 5 Origanum species

As per this study, the antioxidant properties and essential oil content of Origanum varied among species (Table
6). The density of oil glands involving plant tissues, alteration in the growing environment of plants as the plant
matures, and changing allocation of carbohydrates to plant development and growth rather than essential oil
synthesis could all cause alterations in essential oil composition. For instance, medicinal plants regulate essential
oil production and the attraction of pollinators while repelling herbivores and pests (Moghrovyan et al., 2019;
Pezzani et al., 2017). In our study, thymol and carvacrol were the most common component of the essential oil in
the O. majorana and O.vulgare subsp. hirtum, respectively. Other oregano species including O. vulgare
subsp.hirtum (Moreno et al., 2018), European O. vulgare (Duleti¢-Lausevi¢ et al., 2018), O. vulgare subsp.
glandulosum (Gayoso et al., 2018), O. vulgare (Pezzani et al., 2017) have similarly showed comparatively high
levels of carvacrol. The current study confirms that the highest level of carvacrol (48.91%) was obtained from O.
vulgare subsp. hirtum. Ramakrishna et al. (2019) found carvacrol as a dominant component in the essential oil of
O. vulgare subsp. hirtum. These findings show that the gene for carvacrol generation is preserved. The
monoterpenes, g-terpinene, p-cymene, and hydrocarbons operate as progenitors for thymol, and carvacrol thus
their rates reduce with an increase in the levels of carvacrol (Sefeer et al., 2018). It is known that many various
factors can affect the content and composition of essential oils in aromatic plants, where the most seem to be:
genetic, physiological and environmental including temperature, intensity of solar and radiation humidity (Weglarz
et al., 2020).

4. Conclusions

The present study investigated the phytochemical properties of five species (Origanum species including
O.majorana, O. syriacum, O. onites, O. vulgare subsp. vulgare and O. vulgare subsp. hirtum) of marjoram
(Origanum majorana L.) an important ethnomedicinal plant. Total phenolic compounds, total flavonoid content,
total antioxidant activity, and essential oil compounds were determined. The qualitative analysis showed the
highest (240 g) dry weight of O. vulgare subsp. hirtum and O. onites species in comparison with others. The
quantitative analysis revealed the higher content of total phenol (51.12%), flavonoid (6.93%), DPPH (54.29%),
superoxide (50.04%) and radical scavenging activity in O. vulgare subsp. hirtum species, but the O. onites showed
higher (21.60%) nitric oxide radical scavenging activity. The essential oil analysis revealed that the thymol (6.90-
59.89%), carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene (2.71-
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4.28%) were the most prominent constituents in Origanum plants. Cluster analysis showed two main categories
and high similarity between O. vulgare subsp. hirtum and O. onites. In conclusion, the O. vulgare subsp. hirtum
was the best species in terms of phytochemical constituents.

Table 6. Different compounds of essential oil in various Origanum species.

Peak area ((%0)
Component O. majorana O. onites  O. syriacum O. vulgare 0. vulgare
subsp. vulgare subsp. hirtum

a-phellandrene 1.29 141 1.17 0.27 1.35
a-pinene 0.52 0.74 0.68 0.45 0.66
sabinene - - - 3.47 -
1-octen-3-ol 0.47 0.44 - - 0.24
myrcene 1.77 1.57 1.50 1.22 1.47
3-octanol - 0.39 - - -
0-3-carene 0.37 0.35 0.50 - 0.30
a-terpinene 3.82 4.28 2.71 3.79 2.78
p-cymene 11.99 20.94 15.52 0.50 10.69
cyclohexene 0.65 0.63 - 1.28 -
beta-Pinene - - - 0.29 0.46
eucalyptol - - - 0.26 -
y-terpinene 11.65 15.55 18.20 6.55 8.18
trans-sabinene hydrate - 0.70 - 4.32 0.26
terpinolene - - - 1.49 -
cis-sabinene hydrate - - - 36.38 -
isoborneol 0.61 - 0.56 0.44 0.40
terpinen-4-ol 1.04 0.64 0.43 16.12 0.77
alpha-Terpineol - - - 5.40 -
carvacrol methyl ether - - 3.63 - 2.05
tricyclene - - - 2.27 -
thymol 59.89 43.24 51.55 6.90 19.26
Carvacrol 3.55 8.38 0.83 1.76 48.91
[-caryophyllene 1.88 0.76 1.58 1.35 1.77
b-bisabolene 0.51 - 1.14 - 0.43
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Gebelik Basina Tohumlama Sayisinin Siit Sigirlarinin Islahinda Onemi ve Ekonomik
Kayiplar: Siyah Alaca Siit Sigir1 Ornegi*

Importance of Insemination Number per Pregnancy in Breeding Dairy Cattle and Economic
Losses: The Case of Holstein Dairy Cattle

Eyiip TORE'", Yahya Tuncay TUNA?, Ahmet Refik ONAL?

Oz

Siit sigirciliginda, siit ve dol verimi isletmelerin karliligt tizerinde dogrudan etkili iki 6lgiittiir. Farkli olgiitler
kullanilarak 6l¢iilmeye calisilan d6l verimi disi sigirlar igin kisaca zamaninda gebe kalma ve saglikli yavrular
ileriki yaslarina kadar dogurma yetenegi olarak tanimlanabilir. Disi sigirdan beklenen, zamaninda gebe kalmasi
ve stiriide kaldig: siirece saglikli buzagi dogurma yetenegini korumasidir. Gebelik Basina Tohumlama Sayisi,
disilere ait d6l verim oSl¢iitlerinden ilkine damizlikta kullanma yast1 ile dolayli olarak iliskili iken servis periyodu,
Buzagilama aralif1 ve Buzagilama Yili izerinde dogrudan etkili olan bir dl¢iittiir. Bu aragtirma ile gebelik basina
tohumlama sayisinin (GBTS) siit sigirlarinin 1slahinda 6nemi ve ekonomik kayiplar ortaya konmaya ¢alisiimastir.
Tekirdag ili Damizlik Sigir Yetistiricileri Birligine (DSYB) kayitli ve halen iiretime devam eden siit sigircilik
isletmelerinin 2013-2019 yillar1 arasindaki 20662 siyah alaca siit sigirina ait (39938 adet) dél verim kayitlar
(GBTS) arastirmanin materyalini olusturmustur. Buzagilama Yillarinin etkisini ele aldigimizda; farklilig1 yaratan
yillarin en diisiik 2014 y1l1 (1.76 £ 0.022) ortalamasinin oldugu, en yiiksek ortalama (1.95+ 0.020) olarak da 2015
yili verilerinden kaynaklandigi goriilmektedir. (p<<0.01). Mevsimlerin GBTS na etkileri irdelendiginde farkliligin
kis (1.81 £ 0.015) ve sonbahar (1.94 + 0.016) mevsimlerinden kaynaklandig1 goriilmiistiir (p<0.01). Laktasyon
strasint degerlendirdigimizde 1., 2. ve 3. laktasyon siralarinin Gebelik Bagina Tohumlama Sayisina etkilerinin
onemli oldugu (p<0.01) goriilmektedir. Arastirmadaki sonuglar degerlendirildigin de GBTS ortalamas1 (1.87 +
0.01) olarak hesaplanmistir. GBTS ortalamasina ait ortalama deger ideal sinirlara (1.0-1.7) yakinlik gostermesine
ragmen 2013-2019 yillar1 arasinda toplam 39938 tohumlama yapilmistir. Basarisizlik oranina karsilik gelen maddi
kayip miktar1 ise 10.147.200 TL olmustur. Sonug¢larimizin GBTS’daki mali kayip miktart géz ardi edilemeyecek
derecede biiyiik bulunmustur.
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Tére & Tuna & Onal
Gebelik Basina Tohumlama Sayisimin Siit Sigirlarinin Islahinda Onemi ve Ekonomik Kayiplar: Siyah Alaca Siit Sigir Ornegi

Abstract

Milk and fertility are two criteria that directly affect the profitability of enterprises in dairy farming. Fertility,
which is tried to be measured using different criteria, can be defined as the ability of female cattle to get pregnant
on time and give birth to healthy calves until later ages. The expected from female cattle is to become pregnant on
time and to maintain the ability to give birth to healthy calves as long as they remain in the herd. the number of
inseminations per pregnancy is indirectly related to the first of the fertility criteria of females, the age of use in
breeding, while the service period is a criterion that directly affects the calving interval and calving year. The aim
of the study was to determine the information and economic losses caused by the deviations from the standard
values in the Number of Inseminations Per Conception (NIPC) in our country's dairy cattle. The fertility records
(NIPC) of 20662 Holstein Dairy cattle (39938) between 2013-2019 belonging to Tekirdag Province CBA
constituted the material of the research. When we consider the effect of calving years; It is seen that the years that
created the difference have the lowest average of 2014 (1.76+0.022), and the highest average (1.95+0.020) stems
from the 2015 data. (p<0.01). When we examine the effects of seasons on NIPC; it was seen that the difference
was caused by winter (1.81+0.015) and autumn (1.9440.016) seasons (p<0.01). When we evaluate the lactation
order, it is seen that the effects of the 1%, 2" and 3" lactation lines on NIPC are significant (p<0.01). When we
evaluated the results in our study, the NIPC average was calculated as 1.87+0.01. A total of 39938 inseminations
were made between 2013-2019. The amount of financial loss corresponding to the failure rate was 10.147.200 TL.
Although our results are close to the ideal value, the amount of loss in NIPC in terms of cost is too large to be
ignored.

Keywords: Dairy cattle, Number of inseminations per conception, Economic loses, Animal breeding

1092



JOTAF/ Tekirdag Ziraat Fakiiltesi Dergisi, 2024, 21(5)

1. Giris

Siit sigirciliginda siit ve dol verimi igletmelerin karlilig1 tizerinde dogrudan etkili iki 6lgiittiir. Siit ve dol verim
ile birbirlerine etkileri konusunda yapilmis ¢ok sayida arastirma vardir. Yapilan kaynak taramalarinda iilkemizde
siit sigireilign isletmelerinde dol verimi dlgiitleri ile ilgili ekonomik kayiplarin saptanmasi konusunda ise az sayida
arastirmaya (Kumuk ve ark.,1999; Yal¢in, 2000; Onal ve Ozder, 2007; Saridzkan ve ark., 2012) rastlanmustir.
Farkli 6l¢iitler kullanilarak dlgiilmeye ¢alisilan dol verimi disi sigirlar i¢in kisaca zamaninda gebe kalma ve saglikli
yavrulart ileriki yaslarina kadar dogurma yetenegi olarak tanimlanabilir (Kumlu ve ark., 1991., Kumlu ve Akman,
1999, Kumlu, 2000). Disi sigirdan beklenen, zamaninda gebe kalmasi ve siirtide kaldig: siirece saglikli buzagi
dogurma yetenegini korumasidir.

Tohumlama indeksi olarak da adlandirilan bu 6zellik tohumlamadaki bagarinin bir diger ifade seklidir. Gebelik
Basina Tohumlama Sayis1 (GBTS), disilere ait dél verim &lgiitlerinden ilkine damizlikta kullanma yas1 (IDKY)
ile dolayl olarak iliskili iken servis periyodu (SP), Buzagilama araligi (BA) ve Buzagilama Y1l (BY) iizerinde
dogrudan etkili olan bir 6lgittiir (Tuna ve ark., 2007). Giiniimiizde sigir 1slahinda Suni Tohumlama tekniginin
yayginlasmasi 1slah kavrammin ulusal boyuttan, uluslararasi boyutlara tasinmasina neden olmustur. Ozellikle
ilkemizde son yillarda Suni Tohumlamaya olan devlet destegi, bu Olgiitiin kayit altina alinmasinda faydali
olmustur. Iyi kosullarda gebelik basina tohumlama sayisinin ideal miktar1 1 adet olmasi istenir. Ancak bu &lgiit
bolge, isletme, tohum kalitesi, inegin sagligi, yasi, kizginlik siiresinin iyi tespiti, spermanin kalitesi, tohumlama
teknigi, tohumlayicinin bilgi diizeyi ve deneyimi, yil, sicaklik (mevsim) gibi birgok sistematik ve sistematik
olmayan cevre faktorlerine bagl olarak degismektedir. Ulkemiz kosullarinda siyah alaca sigirlarinda GBTS nin
belirlenmesine yonelik ¢aligmalardan bir kismi Tablo 1°de verilmistir.

Tablo 1. Ulkemiz kosullarinda siyah alaca sigirlarinda dél verim ozelliklerinden GBTS nin belirlendigi
calismalar

Table 1. Studies in which NIPC was determined from reproductive characteristics in black pied cattle under our
country's conditions

Arastirmacilar ve Yillar GBTS
Sekerden (1988) 1.50
Soysal ve Ozder (1989) 1.70
Kumlu ve ark. (1991) 1.28 £0.90
Aslan ve Altinel (1992) 1.51+0.03
Ipek (1993) 1.45+0.80
Ozcan ve Altinel (1995) 2.40+0.10
Giindal Corekgi ve ark. (1996) 1.56 £0.023
Erdem (1997) 1.21+0.42
Kaygisiz (1997) 2.198
Bilgi¢ ve Yener (1999) 1.40+0.05
Ozgelik ve Arpacik (2000) 1.72+2.17
Duru ve Tuncel (2002) 1.33+0.02
Bakir ve Cetin (2003) 1.58+1.21
Sehar ve Ozbeyaz (2005) 1.68 +0.052
Tiirkyilmaz (2005) 2.01 £0.10

Siit sigirciliginda karliligin yiiksek olmasi igin dol verim 6zelliklerinde yapilan ¢alismalarla belirlenmis bazi
ortalama degerlere ulasilmaya caligilmaktadir. Ayn1 zamanda birbirine bagl olan ve birbirini biitiinleyen bu
Ozellikler (Tablo 2), bireylerin siiriide kalmasi (verimli omiir), damizlik olarak se¢im, gibi dogrudan islah
parametresi olarak kullanilmaktadir (Kumlu ve Akman,1999).

Bu calismada; siit sigirlarinda dol verimi Olgiitleri ile ilgili standart degerler o6zellikle Gebelik Basina
Tohumlama Sayis1 (GBTS) verilerinin bu standart degerlerden sapmalarinin iilkemiz siit sigirciligi 1slahinda yol
act181 bilgi ve ekonomik kayiplarin saptanmasi amaglanmistr.

1093



Tére & Tuna & Onal
Gebelik Basina Tohumlama Sayisimin Siit Sigirlarinin Islahinda Onemi ve Ekonomik Kayiplar: Siyah Alaca Siit Sigir Ornegi

Tablo 2. Disi sigwrda kullanilan dol verim élgiitleri ve standart degerler

Table 2. Reproduction criteria and standard values used in female cattle

Dol Verim Olgiitleri Standart Degerler
Reproduction Traits Standard Values
Ilkine Damuzlikta Kullanma Yas1 (IDKY) 15-18 ay
Ilkine Buzagilama Yas1 (IBY) 23-25 ay
Buzagilama Araligi (BA) 12-13 ay
Kuruda Kalma Siiresi (KKS) 2 ay
Servis Periyodu (SP) 2-3 ay
Gebelik Bagina Tohumlama Sayis1 (GBTS) 1 ideal, 1.7 kabul edilir sinir.

2. Materyal ve Metot
2.1. Materyal

Damuzlik Sigir Yetistiricileri Birliginden elde edilen Tekirdag ili DSYB’ne ait 2013-2019 yillar1 arasindaki 20662
siyah alaca siit sigirma ait dol verim kayitlarindan (39938 adet) Gebelik Basina Tohumlama Sayist (GBTS)
arastirmanin materyalini olugturmustur.

Kumlu ve Akman (1999)’un bildirdigi kriterlere gore siit ve d6l verim &zelliklerinde kisitlamalar yapilmistir. Bu
kisitlamalar: Laktasyon siiresi (220<giin<550), Kuruda kalma siiresi (30<giin<90), ilk tohumlama yas1 (14<ay<24),
GBTS (1<adet<+5) olarak belirlenmistir.

Mevsim etkisi olarak: 1-Kis, 2-Ilkbahar, 3- Yaz ve 4-Sonbahari ifade etmektedir.
2.2. Yontem
GBTS iizerine ¢evre sartlarmin etkileri asagidaki dogrusal model (Esitlik 1) ile degerlendirilmistir.
Yijkl = m+ BYi + Mj + LSk + eijki (Es. 1)

Yijxi : i.buzagilama yasi, j.mevsim ve k.laktasyon sirasindaki GBTS,
m: Popiilasyon ortalamas,

BYi; : i.buzagilama yasinin etkisi,

M;: j.mevsimin etkisi,

LSk: k.laktasyon sirasinin etkisi,

eijki : hata paynin etkisi.

Parametreler arasindaki karsilastirmalar igin Tukey ¢oklu karsilastirma testi, GBTS’ dan kaynaklanan ekonomik
kayiplarin belirlenmesinde ise asagidaki Esitlik 2 kullanilmustir.

GBTS'dan kaynaklanan ekonomik kayiplar = Toplam gebelik sayist *
Gebelik icin kullanilan ekstra sperma + uygulama licreti * 1 doz sperma fiyati (Es.2)

3. Aragtirma Sonuclar1 ve Tartisma
3.1. Tekirdag Ili 2013-2019 Yillar: Arasindaki GBTS Ait Tanimlayici Istatistikler

Arastirmanin gergeklestirildigi Tekirdag ilinde yetistirilen Siyah Alaca sigirlarin GBTS na iligkin en kiigiik kareler
ortalamalar1 {izerine etkili gevre faktorlerinin sonuglar1 Tablo 3’te sunulmustur.

Calismada, toplam 20662 bas Siyah Alaca siit s1g1r1 ve bunlara ait 39938 GBTS nin genel ortalamasi 1.87+0.01
olarak bulunmustur. Bu deger, Sekerden (1988), Kumlu ve ark. (1991), Aslan ve Altinel (1992), ipek (1993),
Giindal Corekei ve ark. (1996), Erdem (1997), Bilgi¢ ve Yener (1999), Duru ve Tuncel (2002), Bakir ve Cetin
(2003) ve Sehar ve Ozbeyaz (2005)’mn arastirma bulgulari olan ve sirastyla; 1.5; 1.28+0.9; 1.51+0.03; 1.45+0.80;
1.56+0.02; 1.21+.0.42; 1.4+0.05; 1.33+0.02; 1.58+1.21 ve 1.68+0.05 olarak belirlenen degerlerden daha biiytiktiir.
Soysal ve Ozder (1989)’in 1.7 ve Ozcelik ve Arpacik (2000)’m ortalamalarma (1.72+2.17) ile benzer iken,
Kaygis1z (1997) nin 2,198 ve Tiirky1lmaz (2005)’in (2.01+0.1) degerlerinden diisiik bulunmustur. GBTS’ nin ideal
1.0-1.7 olarak asim maliyetlerinin buna baglh olarak a¢ik giin saymin artmamasi i¢in gerekli oldugu Saglam ve
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Ugur (2006) tarafindan bildirilmesine ragmen bu degerlerin isletmelerde tutturulmasisin zor oldugu Tuncel (1998)
ile Ozhan ve ark. (2011)’m GBTS i¢in 1.5-1.8 degerlerinin sigircilik isletmeleri i¢in kabul edilebilir smirlar
oldugunu bildirmiglerdir. Bu nedenle, Tekirdag ili igin buldugumuz bu genel ortalamanin (1.87+0.01) kabul
edilebilir deger oldugu soylenebilir.

Tablo 3. GBTS ’na ait en kiiciik kareler ortalamalar ve ¢oklu karsilastirma sonuclary

Table 3. Least square means and multiple comparison results of NIPC

. GBTS/NIPC
Faktorler/Factors n T+ 5.)
Genel/Total 20662 1.87+0.01

Buzagilama Yili/Calving Year

2013 3916 1.82+0.018"

2014 2709 1.76+0.022°

2015 3301 1.95+0.0202

2016 3155 1.94+0.020%

2017 2513 1.90+0.023%

2018 2037 1.89+0.025%

2019 3031 1.8840.021%

Mevsim/Season

Y(Kas) 5928 1.8140.015¢

%(ilkbahar) 4298 1.86+0.018"

$(Yaz) 5457 1.89+0.017%

“Sonbahar) 4979 1.94+0.0162

Laktasyon Sirasi/Lactation Number

1 7182 1.61+0.013¢

2 5801 2.1240.0152

3 3618 1.97+0.019°

4 2176 1.88+0.024°

5 1885 1.80+0.026°

(3> Farkl harfler ile ifade edilen ortalamalar arasindaki karsilagtirmalar énemlidir. **p<0.01).

GBTS i¢in yillarinin etkisini degerlendirdigimizde, yillar arasindaki fark 6nemli bulunmustur (p<0.01).
Farklilig1 yaratan yillarin en diisiik deger (1.76+0.022) ile 2014 yili ortalamasinin oldugu, en yiiksek ortalama
deger (1.95+0.020) olarak 2015 yilinda belirlenmistir. Caligmada 2013 (1.82+0.018) ve 2014 (1.76+0.022)
yillarinin GBTS ortalamalar1 genel ortalamadan (1.87+0.01) diisiik bulunurken, 6zellikle 2015, 2016 ve 2017
GBTS ortalamalar1 sirasiyla; (1.95+0.020), (1.94+0.020) ve (1.90+0.023) siiriiniin genel ortalamasindan
(1.87+0.01) ve ideal sinirlardan (1.0-1.07) oldukea yiiksek ¢ikmistir (p<0.01). Tablo 3’ te Son iki yila (2018 ve
2019) baktigimizda GBTS ortalamalarinin, (1.89+0.025) ve (1.88+0.021) oldugu siirii ortalamasina (1.87+0.01)
yaklagmakla birlikte ideal degerlerden uzak oldugu goriilmektedir. GBTS bakimindan yillara gdre gozlenen
diizenli bir artis ya da azalis oldugu gériilmemektedir. Ozellikle 2014 yilina baktigimizda hayvan sayisinin
3916’dan 2709’a diistiigi ve GBTS nin ise (1.76+0.022) ideal sinirlara gekildigi benzer egilimin 2018 yilinda da
yasandig1 goriilmektedir. Yillar arasinda Tekirdag ili genelinde, yillar arasinda yasanan siit sigir1 sayisindaki diisiis
ve Ozellikle artigin GBTS’nmida artirdigini (2015, 2016 ve 2017) yillar1 arasinda tohumlamada problemler
yasandigini gostermektedir (Tablo 3).

Mevsimlere gére GBTS’ da artis oldugu ve aralarindaki farkliligin istatistiki olarak 6nemli oldugu goriilmiistiir
(p<0.01). Mevsim etkilerini irdeledigimizde, en diisiik tohumlama sayisi kis (1.81+0.015) ve ilkbahar (1.86+0.01)
aylarinda gorilirken aralarindaki farkin 6nemli (p<0.01), genel ortalamadan (1.87+0.01) diisiik oldugu
saptanmigtir. Farkliligin yaz (1.89+0.017) ve sonbahar (1.94+0.016) mevsimlerinden kaynaklandigi ve genel
ortalamadan yiiksek oldugu ideal degerlerden uzaklastig1 gorilmiistiir (p<0.01). Saglam ve Ugur (2007) ile Erdem
ve ark. (2007), Tahirova TIM ve Gokhoyiik TIM de yaptiklar1 calismalarda GBTS iizerine mevsim etkilerinin
etkisiz oldugunu bildirirken, yine Saglam ve Ugur (2007)’nin bildirisine goére; Ray ve ark. (1992), Bizim
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calismamiza paralel olarak mevsimin GBTS iizerine 6nemli etkisi oldugunu 6zellikle yaz mevsiminde sicaklik
etkisinden 1’den fazla tohumlama yapildigini bildirmislerdir.

Laktasyon sirasinin GBTS’na etkisi 6nemli bulunmustur (p<0.01). Laktasyon gruplart i¢in en diisiik deger
1.61+0.013 ile 1. Laktasyonda, en yiiksek degerler ise 2. (2.12+0.015) ve 3. (1.97+0.019) Laktasyon siralarinda 4.
belirlenmistir. Dordiincii ve 5+. Laktasyonlarda ise (1.88+0.024) (1.80+0.026) ile diisme egilimi goriilmiistiir.
Duru ve Tuncel (2002), Tiirkyilmaz (2005), Saglam ve Ugur (2007), Erdem ve ark. (2007), bizim bulgumuzun
tersine laktasyon sirasinin ilerlemesiyle birlikte GBTS ninda artig gosterdigini bu durumun hayvanlarin yaglariin
ilerlemesi ile d61 tutma sorunlarmnin artmasinin neden oldugunu bildirmislerdir. Calismamizin bir isletmenin degil
Tekirdag li Damizlik Birligine kayith tiim isletmelerin verilerini kapsamasi ve 3. Laktasyondan sonra siit sig1ir1
sayinin hizla azalmasindan kaynaklandigini sdyleyebiliriz.

3.2. Tekirdag ili 2013-2019 yillar: Arasindaki GBTS na Ait Basart Oranlart ve Ekonomik Kayplar

Gebelik Basina Tohumlama Sayist (GBTS) agisindan Tekirdag ili Damizlik Sigir Yetistiricileri Birligi (DSYB)
2013-2019 yili verilerinden 39938 adet GBTS kaydi degerlendirilmistir. GBTS nin ideal/hedeflenen degerlere
ulasilamamasi neticesinde meydana gelen mali/ekonomik kayiplar Tablo 4’te sunulmustur.

Tablo 4. GBTS na ait Basari Oranlari ve Ekonomik Kayp Miktarlar: (TL)

Table 4. Success Rates and Economic Loss Amounts of NIPC (TL)

Basarisiz  Kayip Miktari

Faktorler  Basarih Basarisiz Toplam Basar1 Oram (%)  Orani (%) (TL)
Factors  Success(n) Fail(n) Total(n) Success Rate (%) Fail Rate Loss Amount
(%) (TL)
Genel 10946 28992 39938 27 73 10.147.200
Buzagilama Yili/Calving Year
2013 2104 5136 7240 29 71 1.797.600
2014 1518 3288 4806 32 68 1.150.800
2015 1715 5033 6748 25 75 1.761.550
2016 1604 4842 6446 25 75 1.694.700
2017 1301 3749 5050 26 74 1.312.150
2018 1088 2843 3931 28 72 995.050
2019 1616 4101 5717 28 72 1.435.350
Mevsim/Season
L Kis 3248 7734 10982 30 70 2.706.900
2 {lkbahar 2302 5782 8084 28 72 2.023.700
Yaz 2904 7849 10753 27 73 2.747.150
“Sonbahar 2492 7627 10119 25 75 2.669.450
Laktasyon Sirasi/Lactation Number

1 4506 7231 11737 38 62 2.530.850
2 2556 10434 12990 20 80 3.651.900
3 1725 5683 7408 23 77 1.989.050
4 1125 3164 4289 26 74 1.107.400
5 1034 2480 3514 29 71 868.000

*Bir doz sperma fiyat1 2023 y1li cari fiyatlarina gore ortalama 150 TL olarak belirlenmistir. Uygulama fiyati olarak 200 TL alinmustur.
GBTS’nda ilk tohumlamada genel basar1 oraninin %27 oldugu goriilmektedir. Toplam 39938 tohumlamanin

yapildig1 2013-2019 yillarinda tohumlamadaki genel basar1 oranmin %27 gibi bir degerde olmasi Tekirdag ili siit
sigirciliginda tireme problemlerinin en basta gelen sorunlardan oldugunu gdstermektedir.
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3.3. 2013-2019 Yullarina fliskin GBTS ’nin Ekonomik Analizi

Buzagilama yillar1 olarak Tablo 4’ incelendiginde basarisiz oran1 (%) en diisiik 2014 en yiiksek ise 2015 ve
2016 yillar1 olarak hesaplanmustir. Kayip miktarini ele aldigimizda ise en diisiik 995.050TL ile 2018, en yiiksek
1.797.600TL ile 2013 yilinda goriilmektedir. Mevsimlere gore basarisiz tohumlama oram (%) en diisiik kis en
yiiksek ise sonbahar olarak hesaplanmistir. Kayip miktarini ele aldigimizda ise en diisiik 2.023.700TL ile ilkbahar,
en yiiksek 2.747.150TL ile yaz mevsiminde goriilmektedir. Laktasyon sirasina gore basarisiz tohumlama orani (%)
en diigiik 1.laktasyon, en yiiksek ise 2. laktasyonda hesaplanmigtir. Kayip miktarini ele aldigimizda ise en diisitk
868.000TL ile 5.laktasyon, en yiiksek ise 3.651.900TL ile 2. laktasyonda goriilmektedir.

4. Sonug¢

Aragtirmamizdaki sonuglar1 degerlendirdigimizde GBTS ortalamast 1.87+0.01 olarak hesaplanmistir. Yapilan
arastirmalardaki sonuglarla ideal kabul goriilen GBTS ortalamasi 1.70 ile parallellik gostermektedir. 2013-2019 yillar1
arasinda toplam 39938 tohumlama yapilmistir. Basarisizlik oranina karsilik gelen maddi kayip miktari ise 10.147.200
TL olmustur. Sonuglarimizin ideal degere yakmlik gostermesine ragmen GBTS’daki maliyet agisindan kayip miktar
g6z ard1 edilemeyecek derecede biiyiiktiir.

Giiniimiizde diisiik karlilikla ¢alisan siit sigirciligi isletmelerinde, dol verimi kontroliiniin isletmelerin ve dolayl
olarak iilkemizin ekonomik performansinda ki 6nemi yadsinamaz. Basarili bir hayvancilik isletmesinde siiriiniin dol
verimine dogrudan veya dolayli olarak etki eden etmenler yakindan izlenerek performansi olumsuz yonde etkileyen
faktorlerin, etkisini gdstermeden once elemine edilmesi 6nem tagimaktadir.

Etik Kurul Onay

Caligma Yiiksek Lisans Tezinden derlenmis olup Tez Caligma Planinda Etik Kurul Onayna ihtiya¢ duyulmadigma
karar verilmisgtir.

Cikar Catismasi Beyani
Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Planlama: Tuna, Y.T., Tore, E.; Materyal ve Metot: Tuna, Y.T., Tére, E.; Veri toplama ve Isleme: Tére, E.; Literatiir
Tarama: Tuna, Y.T., Tore, E. Onal, A.R.; Makale Yazimi, Inceleme ve Diizenleme: Tuna, Y.T., Tore, E., Onal, A.R.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Change of Forage Yield and Quality Characteristics of White Clover (7rifolium repens
L.) at Different Harvest Time

Ak Uggiiliin (Trifolium repens L.) Farkli Hasat Zamanlarina Ait Verim ve Kalite
Ozelliklerinin Degisimi

Erdal CACANY, Selim OZDEMIR?, Kagan KOKTEN?, Ridvan UCAR?, Sam
MOKHTARZADEH?, Muammer EKMEKCI% Mehmet Ali KUTLU’

Abstract

This study was conducted to determine the yield and quality characteristics of white clover at different harvest
time. The study was carried out according to the randomized blocks experimental design in 2021 and 2022, and
the Rivendel variety of white clover was used as the plant material in the study. Four different harvest time of
white clover, as early bloom, mid-bloom, full bloom, and after-bloom, were considered as the research subject. In
the experiment, the plant height, green forage yield, dry matter yield, dry matter ratio, crude protein, crude protein
yield, insoluble fiber in acid detergent (ADF), insoluble fiber in neutral detergent (NDF), relative feed value and
phosphorus, potassium, calcium, and magnesium contents of white clover were investigated. It has been
determined that the differences in all of these examined features in different harvest time of white clover were
statistically significant. In the research, white clover reached the highest plant height (32.3 cm and 27.8 cm), green
forage yield (38.367 kg ha™! and 52.080 kg ha!), dry matter yield (10.707 kg ha™! and 13.424 kg ha™!), and crude
protein yield (1987 kg ha™! and 2544 kg ha™!) in full bloom in both years. In 2021, the highest crude protein and
relative feed value and the lowest ADF and NDF ratios were obtained during early bloom and mid-bloom, while
in 2022, the highest values for these characteristics were obtained only from early bloom stages. It was determined
that the lowest phosphorus and potassium contents and the highest calcium and magnesium contents were obtained
from the after bloom stage in both years. As a result, since the highest yield values and average quality values are
obtained from the full bloom stage, it has been concluded that it was more advantageous for the producer to harvest
the white clover at this stage.

Keywords: Harvest stage, Hay, Crude protein, Relative feed value, Macro elements
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Oz

Bu caligma; ak lggiiliin farkli hasat zamanlarindaki verim ve kalite ozelliklerinin belirlenmesi amaciyla
yiriitiilmiistiir. Caligma, 2021 ve 2022 yillarinda tesadiif bloklart deneme desenine gore yiiriitiilmiis ve ¢alismada
bitkisel materyal olarak ak iicgiiliin Rivendel ¢esidi kullanilmistir. Arastirma konusu olarak, ak tiggiiliin erken
¢igeklenme, yari ¢igeklenme, tam ¢igeklenme ve gigeklenme sonrasi olmak iizere dort farkli hasat zamani ele
alinmistir. Arastirmada ak ii¢giiliin sahip oldugu bitki boyu, yesil ot verimi, kuru ot verimi, kuru madde orani, ham
protein orani, ham protein verimi, asit deterjanda ¢oziinmeyen lif (ADF) orani, nétr deterjanda ¢oziinmeyen lif
(NDF) orani, nispi yem degeri ile fosfor, potasyum, kalsiyum ve magnezyum oranlar1 incelenmistir. incelenen bu
ozelliklerin tiimiiniin ak ii¢giiliin farkli hasat donemlerinde gosterdigi farkliligin istatistiksel olarak 6nemli oldugu
belirlenmigtir. Aragtirmada ak iicgiil, her iki yilda da en yiiksek bitki boyuna (32.3 cm ve 27.8 cm), yesil ot
verimine (38.367 kg ha! ve 52.080 kg ha'"), kuru ot verimine (10.707 kg ha™' ve 13.424 kg ha™') ve ham protein
verimine (1987 kg ha'! ve 2544 kg ha'") tam ¢igeklenme asamasinda ulagmustir. 2021 yilinda en yiiksek ham protein
ve nispi yem degeri ile en diisik ADF ve NDF oranlari erken ¢i¢ceklenme ve yari ¢igeklenme, 2022 yilinda ise bu
ozelliklere ait en yiiksek degerler ise sadece erken ¢igeklenme asamalarindan elde edilmistir. Her iki yilda da en
diisiik fosfor ve potasyum oranlari ile en yiiksek kalsiyum ve magnezyum oranlarinin ¢igeklenme sonrast agamadan
elde edildigi belirlenmistir. Sonug olarak en yiiksek verim degerleri ile ortalama kalite degerleri tam ¢i¢ceklenme
asamasindan elde edildiginden, ak {i¢giiliin bu agamada hasat edilmesinin iiretici agisindan daha avantajli oldugu
sonucuna varilmistir.

Anahtar Kelimeler: Hasat donemi, Kuru ot, Ham protein, Nispi yem degeri, Makro elementler
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1. Introduction

Clover species, which are spread in the cool and humid regions of the temperate zone, produce very valuable
and high-quality feed for animals because they have thin stems and abundant leaves (Onal Asci, 2016). White
clover (Trifolium repens L.), which is among the clover species, is an important perennial legume forage plant
with a wide distribution area, used for grazing, with very high nutritional value. White clover is highly resistant to
grazing and chewing due to its horizontal development and stolon structure and has an indispensable place in
forage crop production (Acikgoz, 2001; Acar and Ayan, 2012).

White clover (Trifolium repens L.) is a perennial forage legume plant commonly found in pastures, parks, and
garden areas of our country (Demirkol and Yilmaz, 2018). At the same time, white clover is a species that can be
used in the improvement of meadow and pastures (Rock Okuyucu and Okuyucu, 2006). Since the nutritive value
of the white clover is high, the animals grazing in the pastures with the white and meadow clover can provide 40%
more live weight gain than the animals grazing in the pastures where perennial grass is dominant (Kemp et al.,
2010).

Forage crops can lose their nutritional value over time. In general, as the plant matures, there is a decrease in
the protein content of the feed and the degree of digestion of the feed, while there is an increase in the NDF and
ADF content. In other words, the quality of the feed decreases with the delay of the harvest time (Bayar and Cacan,
2019; Gursoy and Macit, 2020). Therefore, in order to obtain a quality roughage, it is necessary to determine the
harvest time well and to know the quality characteristics of the plants in different developmental periods. In order
to reveal the harvest time well, it is necessary to know the chemical composition of the forage crops as well as the
yield obtained from the unit area. Because the periods when forage plants give quality forage are not likely to be
the periods when they have the highest yield (Karayilanli and Ayhan, 2016). For this reason, it is necessary to
know the period when forage crops are at the highest yield and highest quality and to harvest during this period.

The previous studies demonstrated that the effect of harvest time on the yield and quality of legume forage
crops is important. In the study, in which the chemical structures of 11 Astragalus species were examined at
different maturity stages, it was determined that the crude protein ratio decreased and the ratios of ADF and NDF
increased from the pre-flowering to the fruit formation period (Cacan et al., 2017). In the study of determining the
effect of harvest time on chemical composition of some leguminous plants, the chemical structure of white clover
in vegetative, flowering and seed stages was investigated and it was determined that the crude protein ratio, which
was 14.76% in the vegetative period, decreased to 12.13 % at the seed stage, the NDF ratio increased from 40.29%
to 46.85%, and the ADF ratio increased from 32.45% to 44.01% (Ozkan et al., 2018). Bayar and Cacan (2019)
determined that Hungarian vetch (Vicia pannonica Crantz.) harvested at different times had ideal values in terms
of crude protein, ADF and NDF ratios during the flowering stage, and there was a decrease in grass yield and
quality with the formation of pods in Hungarian vetch.

It was determined by previous studies that crude protein ratio, digestible dry matter ratio and relative feed value
decreased, green forage and dry matter yield and ADF and NDF ratio increased in forage crops depending on the
progress of the harvest time. However, the number of studies revealing the yield and quality characteristics of
white clover in different harvest time is quite low. For this reason, the aim of this study is to reveal the yield and
quality characteristics of white clover in different harvest time, and as a result, to determine the ideal harvest time.

2. Materials and Methods
2.1. Research area and plant material

The research was conducted at Bing6l University Agricultural Application and Research Center between 2020-
2022. This area is 15 km away from the city center of Bingdl (Tiirkiye), located at the coordinates of 38° 32' 41.85" N
and 40° 32' 25.58" E and its height above sea level is 1080 m. Rivendel variety of white clover (Trifolium repens L.)
was used as plant material in the research.

2.2. Climatic characteristics of the research area

In the province of Bingol, where the research was conducted, the annual average temperature value for many years
is 12.3 °C. The average temperature was recorded as 14.5 °C in the years 2020-2021, when the research was conducted,
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and 13.0 °C in the years 2021-2022. The average annual total precipitation of Bingdl province for many years is 932
mm. The most precipitation is received during the winter months. The average precipitation amount was recorded as
519 mm in the years 2020-2021, in which the research was conducted, and 960 mm in the years 2021-2022. It has been
determined that the years 2020-2021 and 2021-2022 are warmer than the long-term average and the year 2020-2021
receives less precipitation than the long-term average (Figure I).
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Figure 1. Average temperature and precipitation values for the periods in which the research was
conducted

2.3. Soil characteristics of the research area

According to the results of the soil analysis made at the Faculty of Agriculture of Bingdl University; it has been
seen that the research area was clay-loam, slightly acidic (pH: 6.26) and calcareous (0.41%), unsalted (0.014%), the
amount of organic matter (1.09%) and potassium (18.27 kg da™!) was low and phosphorus (7.60 kg da™") was medium.

2.4. Methods

The yield and quality characteristics of the hay cut at different harvest time of the white clover were evaluated in
this study. For this purpose, the experiment was established on 02 June 2020 according to the randomized blocks design
with four replications. In the experiment, 2.5 kg of seeds were used per decare (Marshall et al., 2004) and sowing was
done by hand to a depth of 1-2 cm. With sowing, 4 kg of N and 10 kg of P,Os (9 kg da' DAP) were given (Basbag et
al., 2007). Row spacing was set at 40 cm and row length at 20 m in the field experiment. The field experiment was
carried out in an area of 20 m x 20 m =400 m?. The field experiment was conducted under irrigated conditions and no
fertilization was applied except for the fertilization given with sowing. The year 2020 was accepted as the establishment
year and no observation or result has been taken. On April 30, 2021, the first flowers began to appear in the trial area.
In 2021 and 2022, white clover was harvested twice a year in early bloom, mid bloom, full bloom and after bloom
stages. Harvesting was done on the dates and periods given in Table I in 2021 and 2022.

Table 1. Harvest dates of white clover for 2021 and 2022

2021 Harvest dates 2022 Harvest dates
1. Harvest 2. Harvest 1. Harvest 2. Harvest
Early Bloom 11.05.2021 09.08.2021 12.05.2022 01.08.2022
Mid Bloom 01.06.2021 19.08.2021 30.05.2022 15.08.2022
Full Bloom 25.06.2021 09.09.2021 16.06.2022 05.09.2022
After Bloom 08.07.2021 23.09.2021 30.06.2022 19.09.2022

The observations in the experiment were made on an area of 1 m? determined in the parcels in four replications.
Plant height was measured in cm, with 10 plants per replication (Basbag et al., 2007). 1 m? area was harvested and the
green forage obtained from this area was weighed and green forage yield was obtained. 500 g samples were taken from
the green forage obtained from this area and dried at 70 °C for 48 hours. Dry matter yield was calculated by multiplying
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the results obtained with the green forage yield (Cacan et al., 2018).

Hay samples belonging to the plots whose dry matter content was determined were grinded separately for each plot
and made ready for analysis. Crude protein (CP), insoluble fiber in acid detergent (ADF), insoluble fiber in neutral
detergent (NDF), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) ratios of ground samples by Near
Infrared Reflectance Spectroscopy (NIRS) instrument with #IC-0904FE calibration have determined (Brogna et al.,
2009). Relative feed value determined with the help of the formula (Eq. 1);

RFV = ((120/NDF) x (88.9 — (0.779 x ADF)) + 1.29)) (Van Dyke and Anderson, 2000) (Eq. 1)

Two harvests were made in both years of the study. The research data were obtained by taking the average of two
harvests in each year. Analysis of variance was applied to the obtained data according to the randomized blocks
experimental design with JPM statistical program. The differences of the means were compared with the LSD test at
the 0.05 level (Acikgoz and Acikgoz, 2001).

3. Results and Discussion

White clover planting was done on 02 June 2020. Since the first year is the establishment year, a harvest was
made and no observations were taken. In 2021 and 2022, two harvests were taken in the ecological conditions of
the region. In a previous study, it was reported that two harvests of white clover were obtained after the first year
in Adana and Hatay provinces (Tukel et al., 2001). Yield and quality characteristics and macro element contents
obtained from white clover in 2021, 2022 and two-year average were given in Table 2. The green forage and dry
matter yields given in Table 2 were given as the sum of the two cutting made during the year, and the other
characteristics were given as the average of the two cutting made during the year.

3.1. Yield characteristics

Yield characteristics obtained from white clover in 2021, 2022 and two-year average were given in Table 2
and Figure 2. It was observed that the difference in plant height, green forage and dry matter yields from the yield
characteristics examined in different development periods of white clover in 2021, 2022 and two-year average
were statistically significant. Additionally, the differences between years for yield characteristics, and the
interaction between year x bloom in terms of green forage and dry matter yields were statistically significant
(P<0.01).

The lowest values of plant height in white clover were taken from early and mid-bloom periods in 2021, 2022
and two-year average, and the highest plant height was taken from full bloom and after bloom periods. The average
plant height of white clover was 27.6 cm in 2021, 23.3 cm in 2022 and 25.5 cm in two-year average, as the average
of all developmental stages. From the perspective of two years, it was seen that the white clover elongates a little
in the early and mid-bloom periods and reaches the highest plant height in the full bloom period. At the after-
bloom stage, it was observed that the plant height decreased due to the plant's water loss, but this decrease was not
statistically significant (Table 2, Figure 2).

Plant height of white clover in Tiirkiye was 26.32 cm in average in the ecological conditions of the Eastern
Anatolia Region (Aygun and Olgun, 2014), 25-40 cm in ecological conditions of the Black Sea Region (Samsun
province) (Basaran et al., 2006), 9.88-14.56 cm in the ecological conditions of the Southeastern Anatolia Region
(Basbag et al., 2007) and 18.0-31.0 cm in the ecological conditions of the Mediterranean Region (Antalya province)
(Demiroglu and Avcioglu, 2010; Oten et al., 2019). It was seen that the plant height obtained from the white clover
was similar to the average plant height obtained from the Eastern Anatolia, Black Sea, and Mediterranean Regions,
but higher than the average plant height obtained from the Southeastern Anatolia Region. The probable reason for
this height is that the Eastern Anatolia Region receives more precipitation than the Southeastern Anatolia Region.
The fact that the region receives more precipitation has led to higher plant height, which is one of the yield elements.

It was seen that the green forage and dry matter yields start to increase after the early bloom period in 2021,
2022 and two-year average, reach the highest level in the full bloom period, and both the green forage yield and
the dry matter yield decrease rapidly in the after-bloom stage. It was seen that the difference between full bloom
and after bloom stage of green forage yield obtained only in 2021 was statistically in the same group. As the
average of the development stages of white clover, the green forage yield was 26.008 kg ha™!' in 2021, 38.057 kg
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hain 2022 and 32.032 kg ha™! in two-year average. Additionally, the dry matter yield was 6.585 kg ha™! in 2021,
9.296 kg ha'! in 2022 and 7.940 kg ha™! in two-year average (Table 2, Figure 2).

Table 2. Yield and quality characteristics of white clover at different harvest time

Earl Mid Full After
Year 2021 Bloor)lrl Bloom Bloom Bloom Average
= Plant height, cm 23.4 b** 235D 323a 31.1a 27.6
©  Green forage yield, kg ha™! 13.013 b** 15.960 b 38.367 a 36.693a  26.008
” Dry matter yield, kg ha™! 3.064 b** 4.622b 10.707 a 7.946 a 6.585
Dry matter, % 89.5 c** 89.8 b 89.8b 90.1a 89.8
Crude protein, % 21.4 a* 20.0 ab 18.6 be 17.4c 19.4
Crude protein yield, kg ha™! 657 c** 924 be 1987 a 1385Db 1238
ADF, % 21.3 c** 21.0¢ 26.5b 282 a 243
E NDF, % 29.7 b** 28.8b 345a 35.8a 32.2
g RFV 227 a** 235a 184 b 174 b 205
Phosphorus, % 0.34 a* 0.31 ab 0.31 ab 0.29b 0.31
Potassium, % 2.25 a** 2.12a 2.07 a 1.59b 2.01
Calcium, % 1.81 c** 1.92b 1.92b 205a 1.93
Magnesium, % 0.39 c** 0.40c 0.42b 0.47a 0.42
Earl Mid Full After
Year 2022 Bloor}rrl Bloom Bloom Bloom Average
-  Plantheight, cm 19.3 b** 20.1b 278 a 26.0 a 233
S Green forage yield, kg ha™! 35.880 c** 40.293 b 52.080 a 23.973d  38.057
” Dry matter yield, kg ha'! 7.143 c** 9.743 b 13.424 a 6.873 ¢ 9.296
Dry matter, % 89.0 c** 89.3b 89.3b 89.5a 89.3
Crude protein, % 23.8 a** 21.8b 19.0c 183 ¢ 20.7
Crude protein yield, kg ha™! 1702 c** 2121b 2544 a 1259 d 1906
ADF, % 17.6 c** 209b 232 a 24.6 a 21.6
E“ NDF, % 26.5 c** 30.0b 31.5a 32.1a 30.0
§, RFV 264 a** 226 b 209 ¢ 202 ¢ 225
Phosphorus, % 0.36 a** 032b 0.30c 0.30 ¢ 0.32
Potassium, % 2.39 a** 2.22 ab 2.05b 1.68 ¢ 2.09
Calcium, % 1.85 c** 1.93b 1.91 be 2.06 a 1.94
Magnesium, % 0.38 b** 0.38b 0.40b 045a 0.40
Earl Mid Full After
Two-Year Average Bloor)ril Bloom Bloom Bloom Average
= Plant height, cm 21.4 c** 21.8¢ 30.1a 28.6b 25.5
S Green forage yield, kg ha! 24.447 b** 28.127b 45223 a 30.333b  32.032
> Dry matter yield, kg ha™! 5.104 c** 7.182b 12.065 a 7.409 b 7.940
Dry matter, % 89.3 c** 89.6b 89.6b 89.8a 89.5
Crude protein, % 22.6 a** 209D 18.8 ¢ 179 ¢ 20.0
Crude protein yield, kg ha! 1180 b** 1522 b 2265 a 1322 b 1572
ADF, % 19.4 c** 209 ¢ 249b 26.4 a 22.9
é‘ NDF, % 28.1 b** 29.4b 33.0a 339a 31.1
§, RFV 245 a** 230 b 197 ¢ 188 ¢ 215
Phosphorus, % 0.35 a** 0320 0.30 be 0.30c¢ 0.32
Potassium, % 2.32 a** 2.17 ab 2.06b 1.64 c 2.05
Calcium, % 1.83 c** 1.92b 191b 205a 1.93
Magnesium, % 0.39 c** 0.39¢ 041b 0.46 a 0.41

*: P<0.05, **: P<0.01, LSD (Years): **, LSD (Bloom): **, LSD (Years x Bloom): **
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Year x bloom interaction was found significant only for green forage and dry matter yields. In terms of
interactions, the highest green forage and dry matter yields were obtained from the full bloom period of 2022,
while the lowest values were obtained from the early bloom period of 2021.

The green forage yield (26.008 kg ha'') obtained in 2021 increased by 46% to 38.057 kg ha™! in 2022, and the
dry matter yield (6.585 kg ha™!) obtained in 2021 increased by approximately 41% in 2022 to 9.296 kg ha'! (Figure
2). Perennial legume forage crops show poor growth in the first year. Therefore, the first year is considered the
plant year and is not evaluated in terms of yield or quality. Perennial legume forage crops start to show their main
yield after the second year and give higher yields in the following years (Acar and Onal Asci, 2006). There is a
similar situation in this study. This year of the white clover, which was sowing in 2020, was accepted as the year
of establishment and no observations were taken. In 2021, the first observations began to be taken. Due to its
nature, higher values were obtained in 2022 from white clover, which is a legume forage plant.
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Figure 2. Changes in plant height, green forage yield, dry matter yield and dry matter ratios of white clover
in 2021 and 2022

When the studies on green forage and dry matter yields in white clover were examined; under Mediterranean
and Southeastern Anatolia Region conditions (Adana, Hatay and Sanliurfa), green forage yield 993-4159 kg ha!,
dry matter yield 150-696 kg ha'! (Tukel et al., 2001), in Black Sea Region (Samsun province) ecological conditions
green forage yield 1784 kg ha! and dry matter yield 432 kg ha™' (Acar and Onal Asci, 2006), in Southeastern
Anatolia Region conditions (Diyarbakir province) green forage yield 17713-28490 kg ha™! and dry matter yield
4501-7574 kg ha!' (Basbag et al., 2007), in Mediterranean Region climate conditions green forage yield 1061-
1735 kg ha'! and dry matter yield 204-343 kg ha™! were reported (Demiroglu and Avcioglu, 2010). In a similar
study, it was reported that in the experiment conducted in the Black Sea region, two harvests were taken and the
dry matter yield of white clover was 549 kg ha'! in the first year and 463 kg ha! in the second year (Can and Ayan,
2020). In a three-year study conducted in England (Marshall et al., 2003), the dry matter yield of Trifolum repens
was determined as 4556-5928 kg ha'!. It was seen that the green forage and dry matter yields obtained from this
study showed partial similarities with the previous studies.
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3.2. Quality characteristics

The quality characteristics (dry matter, crude protein, crude protein yield, ADF, NDF and relative feed value)
of white clover determined in 2021, 2022 and two-year average were given in Table 2 and Figure 3. It was seen
that the difference between dry matter, crude protein, crude protein yield, NDF, ADF ratios and relative feed value
from the properties of white clover examined in different development periods is statistically significant in 2021,
2022 and two-year average. Additionally, the differences between years for quality characteristics, and the
interaction between year x bloom in terms of crude protein yield, NDF, ADF and relative feed value were
statistically significant (P<0.01).
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Figure 3. Changes in NDF, ADF and CP ratios and relative feed value of white clover in 2021 and 2022

Dry matter is dehydrated feed. It is obtained by subtracting the moisture content from 100 and its average value
in feeds varies between 85-92% (Rivera and Parish, 2010). It was seen that the dry matter ratio increased
continuously from early bloom to after bloom in both years and reached its highest values after bloom. As the
average of the development stages of white clover, the dry matter ratio was 89.8% in 2021, 89.3% in 2022 and
89.5% in two-year average. It was seen that the dry matter ratio increased after early bloom in white clover, did
not change in half and full bloom periods, and increased again after bloom. The dry matter ratio is related to the
water loss of the white clover. It was found out that as the plant matures, the amount of water it contains decreases
(Table 2, Figure 2). Similar to the study findings Demirel et al. (2010) reported that dry matter rate of white clover
is 92.58%. Kurt et al. (2022) observed that dry matter ratio in white clover is 91.8%. Also, Ozkan et al. (2018),
reported that the dry matter ratio increased from the vegetative period (92.96%) to the seed stage (94.01%) in white
clover.

In 2021, 2022 and two-year average, it was observed that the white clover has the highest crude protein ratio
in the early bloom period, the crude protein ratio decreases in the mid-bloom stage and has the lowest crude protein
ratio in the full bloom and after bloom. As the average of the developmental stages of white clover, the crude
protein ratio was 19.4% in 2021, 20.7% in 2022 and 20.0% in two-year average. It is understood that as the plant
matures, the crude protein content decreases regularly. The highest crude protein yield was obtained from the full
bloom stage in both years and two-year average. The average crude protein yield from white clover was 1238 kg
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ha! in 2021, 1906 kg ha™! in 2022 and 1572 kg ha™! in two-year average (Table 2, Figure 3). Year x bloom
interaction was found significant for crude protein yield. The highest crude protein yield was obtained from the
full bloom period of 2022, while the lowest value was obtained from the early bloom period of 2021.

Similar to the findings of the study, the crude protein ratio in white clover; Marshall et al. (2004) 16.9-23.6%
in England, Acar and Onal Asci (2006) %20.38 in the Black Sea region, Basaran et al. (2006) %18.93, Basbag et
al. (2007) %16.52-19.00 and Basbag et al. (2011) %19.41 in the conditions of the Southeastern Anatolia Region,
Ergon et al. (2016) %16.3-22.6 in Norway and Kurt et al. (2022) %17.9 in the conditions of the Eastern Anatolia
Region have been detected. These findings obtained by the researchers are similar to the findings of the current
study. Also, in a previous study, it was determined that the crude protein ratio in white clover decreased regularly
from the vegetative period to the seed stage (Ozkan et al., 2018).

The lowest NDF and ADF contents in white clover were taken from early bloom and mid bloom in both years
and two-year average, and the highest NDF and ADF contents were from full bloom and after-bloom stages. In
general, it was found out that NDF and ADF contents increase as the plant matures. As the average of the
developmental stages of white clover, the NDF content was 32.2% in 2021, 30.0% in 2022, %31.1 in two-year
average and the ADF content was 24.3% in 2021, 21.6% in 2022 and 22.9% in two-year average (Table 2, Figure
3). Year x bloom interaction was found significant for NDF and ADF contents. The highest NDF and ADF contents
were obtained from the full and after bloom period of 2021, while the lowest values were obtained from the early
bloom period of 2021.

In the white clover; in Southeastern Anatolia Region conditions, ADF rate 24.71%, NDF rate 35.0% (Basbag
et al., 2011), in the conditions of the Eastern Anatolia Region, the ADF rate 28.08% and the NDF rate 43.62%
(Cacan et al., 2015), in a study conducted in Norway, NDF rate 36.9-43.8%, ADF rate 26.9-29.3% (Ergon et al.,
2016), in Black Sea conditions, ADF content 23.8%-26.4%, NDF content 33.2%-37.6% (Can and Ayan, 2020), in
the conditions of the Eastern Anatolia Region, the ADF rate 24.7% and the NDF rate 36.7% (Kurt et al., 2022)
was determined. It was observed that the NDF and ADF ratios obtained in white clover are partially similar to the
findings of other studies.

Relative feed value is a parameter that describes the response of animals to feed quality. Relative feed value
provides an estimate of the expected feed intake and energy value from a feed. Relative feed value is calculated
based on the ADF and NDF ratio of alfalfa in full bloom and a value above 151 is considered “prime” (Rivera and
Parish, 2010). The highest relative forage value in white clover was obtained from early bloom and mid-bloom
stages in 2021, and only from early bloom stage in 2022 and two-year average. It was observed that higher relative
feed value was obtained from the early stages of white clover, the relative feed value decreased as the plant matured,
and the lowest values were obtained after bloom. It was determined that the relative feed values obtained even in
the after-bloom stage, where the lowest values were obtained, were above 151 and included in the "prime" group.
As the average of the development stages of the white clover, the relative feed value was obtained as 205 in 2021,
225 in 2022 and 2015 two-year average (Table 2, Figure 3). Year x bloom interaction was found significant for
relative feed value. The highest relative feed value was obtained from the early bloom period of 2022, while the
lowest value was obtained from the after bloom period of 2021.

Can and Ayan (2020) determined the relative feed value in white clover in the range of 153-211. Kurt et al.
(2022), reported that white clover has a higher value in terms of digestibility and relative feed value than other
leguminous forage plants, and that they have determined the relative feed value as 176. These values obtained
from the white clover were found close to the findings obtained from the study. The relative feed value obtained
as 142 by Bozkurt Kiraz (2011) and as 143 by Cacan et al. (2015) was found to be lower than the finding obtained
from the experiment.

The macro element contents obtained from white clover in 2021, 2022 and two-year average were given in
Table 2 and Figure 4. It is seen that the difference between phosphorus, potassium, calcium and magnesium
contents of macro elements examined at different developmental levels of white clover was statistically significant
in 2021, 2022 and two-year average. It was observed that only the difference in Mg content was statistically
significant in terms of years. Year x bloom interaction was found insignificant for all macro elements.
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In white clover, the highest phosphorus and potassium contents and the lowest calcium and magnesium
contents were obtained from the early, mid and full bloom stages, and the highest calcium and magnesium contents
and the lowest phosphorus and potassium contents were obtained from the after-bloom stage in 2021. In 2021, the
average of the developmental stages of the white clover was phosphorus 0.31%, the potassium was 2.01%, the
calcium was 1.93%, and the magnesium was 0.42% (Table 2). In white clover, in 2022, the highest phosphorus
ratio was obtained from early bloom, the highest potassium was obtained from early and mid-bloom, and the
highest calcium and magnesium contents were obtained from the after-bloom stages. The lowest phosphorus was
obtained from full and after bloom, the lowest potassium was obtained after bloom, the lowest calcium was
obtained from early bloom and the lowest magnesium was obtained from early, mid, and full bloom stages. In
2022, the average of the developmental stages of white clover was phosphorus of 0.32%, potassium of 2.09%,
calcium of 1.94% and magnesium of 0.40%. In the two-year average, the highest phosphorus and potassium
contents were obtained from early bloom stages and highest calcium and magnesium contents were obtained from
the after bloom stages. In the two-year average, the average of the developmental stages of white clover was
phosphorus of 0.32%, potassium of 2.05%, calcium of 1.93% and magnesium of 0.41% (Table 2). In both years,
it was observed that the phosphorus and potassium contents of white clover tend to decrease as the plant matures,
while the calcium and magnesium contents tend to increase with the maturation of the plant (Figure 4).
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Figure 4. Changes in P, K, Ca and Mg content of white clover in 2021 and 2022

It was observed that the research findings were similar to the contents of phosphorus (0.41%), potassium
(2.70%), calcium (1.48%) and magnesium (0.31%) obtained from white clover in the Southeastern Anatolia
Region conditions (Basbag et al., 2011), the ratios of phosphorus (0.63%), calcium (1.34%) and magnesium
(0.29%) obtained from white clover in the conditions of the Eastern Anatolia Region (Cacan et al., 2015), the ratios
of phosphorus (0.38-0.41%), potassium (2.44-2.86%), calcium (1.57-1.58%) and magnesium (0.29-0.30%)
obtained from alfalfa in the conditions of the Middle Anatolia Region (Engin and Mut, 2018) and the ratios of
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phosphorus (0.27%), potassium (1.49%), calcium (1.63%) and magnesium (0.36%) obtained from Astragalus taxa
in the conditions of Eastern Anatolia Region (Cagan et al., 2023).

The contents of P, K, Ca and Mg obtained from white clover were found to be in line with the optimal ratios
of 0.2-0.5% for phosphorus, 1.0-5.0% for potassium and 0.1-0.4% for magnesium, reported by Motsara and Roy
(2008). However, the calcium contents obtained from white clover in 2021, 2022 and two-year average were found
to be higher than the 0.1-1.0% calcium content reported as the optimal ratio reported by Motsara and Roy (2008).
In terms of the health of animals, there must be a balance between the minerals in the feed. In this study, the high
Ca ratio causes an imbalance between Ca:P. In general, a 2:1 ratio of Ca:P in feeds is ideal and its excess causes
milk fever in animals (Acikgoz, 2001). However, if the animals receive enough vitamin D, this ratio can be
tolerated up to 7:1 (Barnes et al., 1990; Buxton and Fales, 1994). In this respect, the Ca:P ratio obtained was found
to be tolerable.

4. Conclusions

This study investigated the effect of different harvest time of white clover on yield and quality, as the average of
two years, it was observed that the highest values in terms of yield were taken from the full bloom stage. The highest
crude protein, relative feed value, phosphorus and potassium ratios and the lowest dry matter, NDF and ADF contents
were obtained from the early bloom period. Although the early bloom stage gave higher values in terms of these
characteristics, it is clear that up to 70% yield loss will occur in the harvest made at this stage. However, it was found
out that even in a harvest to be made at the full bloom stage, white clover will be in the "prime" group in terms of
relative feed value and the highest values will be obtained in terms of yield. For this reason, it was concluded that it
would be more advantageous to harvest at the stage of full bloom, which has the highest yield and can be considered
ideal in terms of quality.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

iklim Degisikligine Kars1 Tarim Isletmelerinin Gecim Kaynaklar1 Etkilenebilirliginin
Sermaye Unsurlar1 Agisindan Degerlendirilmesi: Tiirkiye’de Uziim Ureticileri Ornegi

Assessing the Livelihood Effect of Agricultural Enterprises to Climate Change in Terms of
Assets: The Case of Grape Producers in Turkey

Betiil BAHADIRY, Sener UYSAL?
Oz
Tiirkiye’de iklim degisikliginin olumsuz etkilerinden, tarimin diger iiretim bi¢imlerinde oldugu gibi, iiziim
yetistiriciligi de dogrudan etkilenmektedir. Tiirkiye’de 4,2 milyon ton iiziim {iretimi ile bagcilik Tiirkiye ekonomisi
icin onem arz etmektedir. Ancak Tiirkiye’de bagcilik sektorii, lireticilerin gegim kaynaklarini tehdit eden kuraklik
da dahil olmak tlizere iklim kaynakli risklerle karsi karsiyadir. Bununla birlikte, {ireticilerin hanchalki ge¢im
kaynaklarinin iklim degisikligi karsisinda ne diizeyde kirilgan (savunmasiz) oldugu ve bu kirilganligin bolgeler
arasinda ne diizeyde farklilastigi konusunda bilgi eksikligi vardir. Bu ¢alisma ile bu boslugun doldurulmasi
amaglanmistir. Tiirkiye’de gerek genel olarak tarim igletmelerinin gerekse liziim dreticileri 6zelinde iklim
degisikligine karsi gecim kaynaklar1 kirtlganligini dlgmeye yonelik yapilmig ¢aligmaya rastlanilmamis olmasi
caligmayi1 6zgiin kilmaktadir. Caligmanin birincil verileri, Tiirkiye’nin dnemli tiziim tireticisi 6 bolgedeki 8 ilde 35
ilcede iiretim yapan 466 iiziim ireticisi ile yliz ylize gorisiilerek anket formlar: araciligiyla toplanmigtir. Gegim
kaynaklar1 kirllganliklarinin hesaplanmasinda LEI (Livelihood Effect Index) indekslerinden faydalanilmistir. LEI
indeksinin hesaplanmasinda isletmelerin sahip olduklar1 sermaye unsurlari insan sermayesi, sosyal sermaye, dogal
sermaye, finansal sermaye ve fiziksel sermaye unsurlari agisindan ayri bagliklar altinda degerlendirilmistir.
Bununla birlikte isletmelerin iklim degisligine maruziyet diizeyleri de degerlendirilmistir. Caligma sonucunda,
isletmelerin kargilagtiklar: iklim olaylar1 arasinda en fazla asirt kuraklik (2.25) ve sicaklik artiglart (2.01) orta
diizeyin ilizerinde gergeklesirken, yagmur sezonunda gecikme (1.94), don olaylar1 (1.77) ve yagmur sezonunda
kisalma (1.70) ve dolu olaylar1 (1.68) isletmelerin karsilastiklari diger iklim olaylari arasinda yer aldigi
goriilmiistiir. Bununla birlikte, {iziim treticilerinin iklim degisikligine karsi ge¢im kaynaklart kirilganhigi (LEI)
degeri 0.44 olarak hesaplanmis ve bu sonug tireticilerin iklim degisikligi gibi soklar karsisinda ge¢im kaynaklarinin
orta diizeyde bir etkilenebilirlige sahip oldugunu gostermektedir. Isletmelerin iklim degisikligi gibi afetler
karsisinda en fazla kirilgan sermaye unsurunu fiziksel sermayeleri olusturdugu gériilmiistiir (0.790). Isletmelerin
sahip olduklar: finansal sermaye (0.582) ve dogal sermaye unsurlar1 (0.436) ise ge¢im kaynaklar etkilenebilirlik
diizeyi tizerinde orta diizeyde etkilemektedir. Gegim kaynaklari kirilganligi fazla olan Malatya (0.495), Adiyaman
(0.490) ve Elaz1g (0.475) illerinde uyum diizeylerini artiric1 faaliyetlere ihtiyac vardir. Calismadan elde edilen
sonuglar ile tarim sektoriinde bolgesel farkliliklar dikkate alinarak iklim degisikliginin yaratmis oldugu farkl
boyutlardaki maruziyetler ve isletme yapilarinin farkli hassasiyet diizeyleri goz oniine alinarak igletmelerde hangi
alanlarin giiclendirilmesi gerektigi konusunda ilgili paydaslara ve politika yapicilara uyum stratejilerinin
gelistirilmesinde yol gosterici olacag diisiiniilmektedir.
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Abstract

In Turkey, grape cultivation is directly affected by the adverse effects of climate change. Viticulture has an
important for the Turkish economy with a production of approximately 4.2 million tons. However, the viticulture
sector is facing climate-related risks, including drought, which threaten the livelihoods’ producers. Additionally,
there is a lack of information regarding the extent to which livelihoods ’producers, both in general agricultural
enterprises and specifically grape producers, are vulnerable to climate change and how this vulnerability varies
among regions. This study aims to fill this gap. There has been no prior study that measures livelihood vulnerability
to climate change in Turkey, neither in general for agricultural enterprises nor specifically for grape producers.
The primary data for this study were collected through face-to-face interviews with 466 grape producers who
operate in 35 districts of 8 provinces, which are among the major grape producers in 6 regions of Turkey. The
Livelihood Effect Index (LEI) was used to calculate livelihood vulnerability. In the calculation of the LEI index,
the capital elements possessed by enterprises were evaluated under separate headings, such as human capital, social
capital, natural capital, financial capital, and physical capital. In addition, the exposure levels of enterprises to
climate change were also assessed. As a result of the study, among the climate events faced by enterprises, extreme
drought (2.25) and temperature increases (2.01) were found to be above the moderate level, while other climate
events faced by enterprises included delayed rainfall season (1.94), frost events (1.77), shortened rainfall season
(1.70), and hail events (1.68). Additionally, the Livelihood Effect Index (LEI) value for grape producers was
calculated as 0.44, indicating that producers have a moderate susceptibility to the effects of shocks such as climate
change on their livelihoods. It was observed that physical capital element constituted the most vulnerable capital
element (0.790) for enterprises when faced with disasters such as climate change. Financial capital (0.582) and
natural capital (0.436) had a moderate impact on the vulnerability of livelihoods. In provinces with higher
livelihood vulnerability, such as Malatya (0.495), Adiyaman (0.490), and Elazig (0.475), there is a need for
activities to increase adaptation levels. The results may guide relevant stakeholders and policymakers in
developing adaptation strategies, considering the different sensitivity levels of enterprise structures and the varying
dimensions of exposure of climate change.

Keywords: Viticulture, Climate change, Sustainable livelihoods, Adaptation capacity, Vulnerability
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Bahadur & Uysal
iklim Degisikligine Kars1 Tarim Isletmelerinin Gegim Kaynaklari Etkilenebilirliginin Sermaye Unsurlari Agisindan Degerlendirilmesi: Tirkiye’de __Uzijm
Ureticileri Ornegi

1. Giris

Kiiresel diizeyde en biiyiik ¢evresel tehditlerden biri haline gelen iklim degisikligi, diinya genelindeki sicaklik,
yagis diizeni, deniz seviyeleri ve ekstrem hava olaylar1 gibi iklim parametrelerindeki uzun siireli degisiklikleri
ifade etmektedir. Sanayilesmeyle birlikte artan sera gazi emisyonlarmin ortalama sicakligin artmasina neden
olarak, 1850-2020 arasinda sicakhigin yaklagik 1.3°C yiikseldigi bildirilmektedir. Bununla birlikte, sera gazi
emisyonlarinin 1980 yilindan bu yana ¢ok daha hizli bir sekilde artmigtir (IPCC, 2022).

Bu durum tarim, su kaynaklari, ekosistemler, insan saglig1 ve ekonomik faaliyetler gibi bir¢ok alanda ciddi
etkilere neden olmaktadir. Bununla birlikte, kuraklik, sel, deniz seviyesinin yiikselmesi, bitki hastaliklari ve
ekstrem hava olaylar1 gibi sonuglar tarimsal verimlilik, su kaynaklari, dogal yagsam ve sosyo-ekonomik dengeler
acisindan biiytik tehditler olusturmaktadir.

Tiirkiye’nin i¢inde bulundugu Akdeniz kusag: iklim degisikliginden en fazla etkilenen ve giderek daha fazla
etkilenecegi diisliniilen bolgeler arasinda yer almaktadir. IPCC (2022) raporuna gore, basta Tiirkiye olmak tizere
Balkanlar, [ber Yarimadasi ve Kuzey Afrika’nin 1sinma oranlarinin kiiresel y1llik 1stnma oranlarina kiyasla %40
ile %50 arasinda daha yiiksek degerlere ulasacagi tahmin edilmektedir (IPCC, 2022). Tirkiye o6zelinde
degerlendirildiginde ise, IPCC’nin belirledigi diinya genelinde sicakliklarin 1.5°C, 2°C, 3°C ve 4°C artacag1 dort
farkli senaryonun her biri i¢in Tiirkiye’yi daha zorlu kosullarin bekledigi anlagiimaktadir.

Tiirkiye’de uzun dénem mevsimlik ortalama hava sicakliklarindaki degisimlerin incelenmesi sonucunda
ilkbahar ortalama hava sicakliklarinin Tiirkiye’ nin bilyiik bir kesiminde artis gosterdigi ve Marmara, Ege, Akdeniz,
I¢ Anadolu, Giineydogu Anadolu bélgelerinde gergeklesen 1stnmanin istatistiksel olarak anlamli oldugu tespit
edilmistir (Tiirkes, 2019). Elde edilen bu sonuglar bolgesel iklim degisikliginin giderek arttigini gostermektedir.
Tiirkiye yagislarindaki uzun dénem degisiklikler degerlendirildiginde ise kig doneminde Ege, Akdeniz ve
Giineydogu Anadolu bolgelerinde gergeklesen kuraklasmanin istatistiki agidan 6nemli oldugu saptanmis, Akdeniz
Bolgesi’nde ise yillik toplam yagis miktarinin azalacagi tahmin edilmektedir (Tiirkes, 2020; Ozturk ve ark., 2015).
Bununla birlikte sicak mevsimlerde eriyen karla beslenen nehirlerdeki su seviyesinin sicaklik artigina bagl olarak
azalacagi ve boylece tarim sektoriiniin de olumsuz yonde etkilenecegi ifade edilmektedir (Sen ve ark., 2012).
Sonug itibariyle, iklim degisikligi ile ortaya ¢ikabilecek tarimsal iiretimdeki degisiklikler ise ge¢imini tarimdan
saglayan kesimin ekonomik, sosyal yapisinda oldugu kadar, lilke ekonomisinde de 6nemli yansimalara neden
olabilecektir (CSB, 2012).

Sistemlerin iklim degisikligi etkilerine, &zellikle asirt hava ve iklim olaylar1 ve afetlerine hangi Glgiide
dayanabilecegi ve bunlarla nasil bas edebilecegi, belirli bir tehlikenin ciddiyetine, tehlikenin sistemi etkileme ve
afete doniigsme olasiligina ve tehlikeye tamamen maruz kaldigi varsayildiginda sistemin etkilenebilirligine baglidir.
Bununla birlikte, sistemin uyum kabiliyetini farkli uygulamalar yoluyla olusturulmus bir kapasite olarak diigiinmek,
bireylere, topluluklara ve hatta hiikiimetlere karst karstya kaldiklar1 iklim degisikliginin belirli etkilerine karsi
direngenliklerini gelistirmek i¢in hangi 6nlemlerin en mantikli olduguna karar verme esnekligi de verebilir. Bu
nedenle, zayif uyum kapasiteleri nedeniyle kirsal kesimdeki hanehalkinda iklim degisikliginin etkilerini anlamak
ve potansiyel risklerini tanimlamak, hanelerin daha siirdiiriilebilir ve direngli bir yasam siirmelerine yardimci
olmasi bakimindan 6nemlidir. Bu kapsamda, iklim degisikligi sonucu ge¢im kaynaklarinda bozulan dengeyi
saglayabilmek icin mevcut kaynaklar icerisinde hangilerinin gii¢lendirilmesi gerekliliginin ortaya konulmasi
ihtiyac1 vardir. Boylece iklim degisikligi nedeniyle hanehalki gelirinin korunmasina yonelik yapilacak uyum
calismalarinin da daha kolay ve etkili bir sekilde uygulanmasi saglanabilecektir. Kirilganlik analizi, ge¢im
kaynaklarinin dayanikliligina katkida bulunan faktorlere dair i¢ gorii saglamaktadir. Bu faktorleri anlayarak, uyum
stratejileri yalnizca riskleri azaltmay1 degil ayn1 zamanda topluluklarin iklimle ilgili zorluklar karsisinda genel
dayanikliligini artirmay1 da hedefleyebilir.

Sonugta, ge¢im kaynaklar1 hassasiyetini analiz etmenin temel amaci uyum stratejilerinin etkinligini arttirmaktir.
Farkli topluluklarin karsilastigi benzersiz zorluklarin anlasilmasiyla, degisen iklim karsisinda olumlu sonuglar elde
etmek icin uyum Onlemleri daha iyi tasarlanabilir, uygulanabilir ve izlenebilir hale gelebilmektedir. iklim
degisikligi kirilganliginin degerlendirmesi alani, topluluklarin degisen ¢evre kosullarina nasil uyum saglayacagini
6leme ihtiyacini karsilamak icin ortaya ¢ikmustir. Cesitli aragtirmacilar sosyal, dogal ve fiziksel bilimler arasindaki
boslugu doldurmaya calismis ve bu zorlugun iistesinden gelecek yeni metodolojilere katkida bulunmuslardir

1114



JOTAF/ Tekirdag Ziraat Fakiiltesi Dergisi, 2024, 21(5)

(Polsky ve ark., 2007). Bunlarin bir¢ogu biiyiik 6lglide IPCC'nin maruz kalma, duyarlilik ve uyarlanabilir
kapasitenin bir fonksiyonu olarak ¢aligma hassasiyeti tanimina dayanmaktadir (IPCC, 2001; Hahn ve ark., 2009)

Bu kapsamda iklim degisikliginin olumsuz etkilerine karsi farkli bolge ve farkli tarimsal iiretim faaliyetlerine
yonelik igletme diizeyinde ge¢im kaynaklarinin kirilganligint arastiran uluslararasi literatiirde birgok calisma
bulunmaktadir (Hahn ve ark., 2009; Sujakhu ve ark., 2018; Xu ve ark., 2020; Khan ve ark., 2021; Yang ve ark.,
2021; Rai ve ark., 2022; Fahad ve ark., 2023). Tiirkiye’de ise iklim degisikliginin tarim iizerine etkisi konusunda
calismalar sinirlt olup ¢aligmalar daha ¢ok iklime bagli verimdeki degismelerin Tiirkiye’nin tarimsal iiretim deseni,
iirlin verimi, tarim triinleri fiyatlari, ihracat ve ithalat miktari, tiiketici, iiretici ve sosyal refaha etkileri (Dellal ve
ark., 2007; Dellal ve ark., 2011; Dudu ve Cakmak, 2013; Alpas ve ark., 2018; Konukg¢u ve ark., 2020) iizerine
yogunlasmaktadir.

Iklim degisikliginin olumsuz etkilerinden, tarimin diger iiretim bigimlerinde oldugu gibi, {iziim yetistiriciligi
de dogrudan etkilenmektedir. Tiirkiye, bag alani ve iiziim tretiminde diinyanin 6nemli iilkeleri arasinda yer
almaktadir. Iklim kosullarinin ve yetistirme sartlarnin uygunlugu nedeniyle bagcilik iilke genelinde birgok
lireticinin ge¢im kaynagint olusturmaktadir (Semerci ve ark., 2015). Ancak, ciftciler iklim degisikligini ge¢im
kaynaklarina bir tehdit olarak algilamazlarsa, ¢iftgilerin iklim degisimine uyum davraniglari veya zararini azaltma
eylemleri yapmasi da olasi degildir (Arbuckle ve ark., 2013). Bu ¢aligma ile Tiirkiye’de {iziim ireticileri 6zelinde
isletmelerin karsilagtiklar: iklimsel olaylar ve igletme iizerindeki etki diizeyleri ortaya konulmasi, hanehalki
stirdiiriilebilir gecim kaynaklari kirilganliginin isletmelerin sermaye unsurlar1 gdz oniine alinarak séz konusu
iklimsel olaylar karsisinda hangi sermaye unsurlari agisindan ve ne diizeyde farklilagtifi bolgeler arasi
kargilagtirmali olarak degerlendirilmesi amacglanmigtir. Bu agidan, Tirkiye’de tarim isletmelerinin iklim
degisikligine kars1 hanehalki diizeyinde gecim kaynaklari kirilganligint 6l¢meye yonelik calismaya rastlaniimamis
olmasi ¢alismay1 6zgiin kilmaktadir.

Calismadan elde edilecek sonuglarin, Tiirkiye’de tarim sektoriinde bolgesel farkliliklar dikkate alinarak iklim
degisikliginin yaratmis oldugu farkli boyutlardaki maruziyetler ve isletme yapilarmin farkli hassasiyet diizeyleri
g6z Oniine alinarak belirlenen kirilganlik seviyeleri ile, isletmelerde yapisal olarak hangi alanlarda 6ncelikli olarak
uyum stratejilerine odaklanilmasi gerektigi konusunda ilgili paydaslara ve politika yapicilara yol gosterici olacagi
diistiniilmektedir. Ayrica arastirmacilar tarafindan farkli tarimsal faaliyet alanlari i¢in benzer degerlendirmelerin
yapilabilmesi i¢in referans bir ¢aligma olmasi da beklenmektedir.

2. Materyal ve Metot
2.1. Verilerin Toplanmasinda ve Orneklemede Kullanilan Yontem

Aragtirmanin materyalini, Tiirkiye’deki {iziim iiretimi yapilan, gayeli olarak secilen 8 ildeki (Adiyaman, Denizli,
Elazig, Malatya, Manisa, Mersin, Nevsehir, Tekirdag) tiziim yetistiriciligi yapan isletmelerden anket yoluyla elde
edilen verilerden olusmaktadir.

2017 yil TUIK (Tiirkiye Istatistik Kurumu) verilerine gére Tiirkiye’de 73 ilde, ¢ekirdekli ve ¢ekirdeksiz cesitlerle
sofralik, kurutmalik ve saraplik iiretim amaciyla 4.169.068 da alanda bagcilik yapilmaktadir. Ornekleme sayisinin
belirlenmesinde, Tiirkiye’de {iziim {iretimin yaygin oldugu Ege, Marmara, I¢ Anadolu, Akdeniz, Dogu Anadolu ve
Gilineydogu Anadolu Bdlgeleri (6 Bolge) secilmistir. Arastirmanin yapilacag: illerdeki bag alanlari, toplam bag
alanlarmin %46’sini (1.916.680 da) temsil etmektedir. Bu arastirmada Tiirkiye'de 2015 y1li Tarim ve Orman Bakanlig1
Ciftci Kayit Sistemine (CKS) kayitli iiziim iireticisi say1s1 231.494 kisidir. Arastirmanin yapilacag 8 ilde liziim iireticisi
sayist toplam 85.089 olup Tiirkiye {izim fireticilerinin yaklagik %37’sini olugturmaktadir. Ana kiitleyi temsil
edebilecek 6rnek hacminin belirlenmesinde oransal 6rnekleme yontemi kullanilmistir. Bu yontem dogrultusunda anket
sayisl agagidaki formiile gére hesaplanmistir (Newbold, 1995):

N*p(1—
n= p(1-p)

Sl S PR Es. 1
(N=1)*c3+p*(1-p) (Es. 1)

Formiilde; n 6rnek biiyiikliigiinii, N ana kiitleyi, p tahmin oranimi (0.5 maksimum 6rnek bilyiikliigii icin), op? oran
varyansini (maksimum ornek hacmine ulagmak i¢in % 95 giiven araliginda ¢izelge degeri 1.96 ve % 5 hata pay: ile)
ifade etmektedir. Ana kitleyi olusturan iireticilerin 6zellikleri baslangicta bilinmediginden, 6rnek hacmini azami
diizeye ¢ikarmak icin p degeri 0.5 olarak alinmis ve 6rnek hacmi 384 olarak bulunmustur. Bélgede yer alan iiziim
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iklim Degisikligine Karst Tarim Isletmelerinin Gegim Kaynaklar1 Etkilenebilirliginin Sermaye Unsurlari Agisindan Degerlendirilmesi: Tiirkiye’de Uziim
Ureticileri Ornegi

iireticilerinin illere gore dagilimi esas alinarak il bazinda anket sayisi belirlenmistir. Ancak Flazig, Malatya ve Tekirdag
illerinde verilerin analizine yonelik yeterli biiyiikliigii elde etmek i¢in en az 40 6rneklem sayisi belirlenerek, drneklem
say1s1 466 isletmeye c¢ikarilmistir. Arastirma alani ile ilgili iziim iireten isletme sayilari, ekim alan1 ve iiretim miktart

ile yapilan anketlerin illere gore dagilimi agagida Tablo 1°de verilmistir.

Tablo 1. Illere gore iiziim iireten isletme sayis, iiretim miktart ve anket dagilimi (2021 yily)

Table 1. Number of grape enterprises, production amount and survey sample distribution by province (2021)

iller Isletme Sayis1 Bag Alami Uziim Uretim Miktar Anket Sayisi

(adet) (da) (ton) (adet)
Adiyaman 8.212 106.449 66.384 40
Denizli 14.280 341.611 324.974 71
Elazig 6.382 108.254 71.076 40
Malatya 4314 36.348 19.304 40
Manisa 29.810 858.919 1.308.370 140
Mersin 7.977 178.340 343.308 55
Nevsehir 11.417 189.436 90.751 40
Tekirdag 2.687 35.115 33.916 40
Toplam 85.089 3.902.211 3.670.000 466

2.2. Verilerin Analizi Asamasinda Izlenen Yontem

Caligmada, Tiirkiye’de iklim degisikligine karst iiziim Tireticileri 6zelinde isletmelerin gecim kaynaklart
kirllganlhigini sermaye unsurlari agisindan degerlendirmek i¢in DFID (2001)’a dayanan Urothody ve Larsen (2010)
tarafindan kullamlan Gegim Kaynaklar1 Etkilenebilirligi indeksi (LEI) yontemlerinden faydalanilmistir. Gegim
Kaynaklar1 Etkilenebilirligi Indeksi, belirli bir bélgenin veya toplulugun gegim kaynaklar siirdiiriilebilirligini ve
insanlarin gesitli risklere ve stres faktorlerine karst duyarliligini degerlendirmek igin kullamilan bir aragtir. Bu indeks
ile gecim kaynaklarina dayal siirdiiriilebilirlik analizlerinde sermaye unsurlar1 dikkate alinmaktadir. Sermaye unsurlari,
insanlarin ve topluluklarin ge¢im kaynaklarimni siirdiirmelerine ve krizlere karsi daha direngli hale gelmelerine yardimei
olan kaynaklar ifade etmektedir. Bu kaynaklar beg farkli sermaye unsuru altinda toplanir ve bunlar beseri, sosyal,
dogal, fiziki ve finansal sermayedir (DFID, 2001).

Gegim kaynaklar etkilenebilirlik indeksi (Livelihood Effect Index-LEI) hesaplanmasinda olusturulan gostergeler,
literatiir taramas1 ve odak grup calismasi sonucu ¢aligma alanina 6zgii belirlenmis ve iklim degisikligi kirtlganlig: ile
arasindaki fonksiyonel iligki belirtilmistir (Tablo 2). Bu kapsamda Hahn ve ark. (2009), Eriksen ve Kelly (2006), ve
Selvaraju ve ark. (2006) tarafindan yapilan ¢alismalardan faydalanilarak ¢alismada kullanilacak {iziim yetistiriciligi ile
ilgili arastirma bolgesine 6zgii olabilecek gostergelerin listesi belirlenmistir. Bununla birlikte arastirma alaninda bircok
ciftei, kotli hava kosullart nedeniyle {iriin kaybi, tek gesit gelir kaynagi olarak tarima yiiksek bagimliliklari, tarimsal
yapilarindaki ve {iretim uygulamalarindaki farkliliklar, egitim yetersizligi nedeniyle farkli istihdam tiirlerine erigim
saglayamama gibi ¢esitli nedenlerle gegim sorunlari yasadiklart saha galismasi 6ncesi anket yapilacak illerde Tarim ve
Orman Bakanligi ve iiretici birlikleri ile yapilan goriismeler ile belirlenmistir. Bu nedenle, ¢alisma alanindaki
kirilganlig1 daha iyi yansitabilmek amaciyla s6z konusu literatiir taramasina dayali belirlenen gostergelere ilave olarak
Tablo 2°de belirtilen bag verimi azalan isletme oran1 (DS2), arazi egimi (DS3), toprak yapist (DS4), arazi miilkiyet
durumu (DS6), sulama durumu (DS14), toplam gelirde tarimim pay1 (FNS5), damlama sulama yapma durumu (FKS6)
degiskenleri de bu ¢alismaya 6zgii olarak belirlenmistir.

Ancak, gostergelerin her biri farkli bir olgekte oOlgiildiigii icin, oncelikle her birinin bir indeks olarak
standartlagtirilmas1 gerekmektedir. Ancak bunu yapmadan 6nce, gostergeler ile kirilganlik arasindaki fonksiyonel
iliskiyi dikkate almak énemlidir. Tki tiir islevsel iliski miimkiindiir: gostergenin degerindeki artis ile kirilganlik artar
veya azalmaktadir. Degiskenle kirilganlik arasinda pozitif fonksiyonel iligkiye sahip ise normallestirme Esitlik (2)
kullanilarak yapilir.

= _Si=Smin
Index; = S (Es. 2)

Esitlikteki, S; ile i iline ait alt bilesen ortalamasini ve Smin V& Smax, her bir alt bilesen igin sirasityla minimum ve
maksimum degeri ifade etmektedir. Ote yandan, degiskenler ile kirilganlik arasinda negatif fonksiyonel iliskiye sahip
oldugunda normallestirme Esitlik (3) yardimiyla yapilmaktadir.
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Tablo 2. Gecim kaynaklari etkilenebilirlik (LEI) sermaye unsurlari ve gostergeleri

Table 2. Livelihood Effect Index (LEI) assets and indicators

Kod  Sermaye Unsuru Fi* Kod Fi
Beseri Sermaye
BS1  Hastalik nedeniyle okul/ise gidemeyen + BS7  Temel gida ihtyaglarini hane disindan +
hane % karsilayan haneler
BS2  Hanehalki reisi egitim indeksi (tersi) - BS8  Bir yilda aile tiiketimi i¢in satin alinan +
hububat miktar1 (kg)
BS3  Hanehalki reisi tarimsal deneyim - BS9  Temel gida aligverisi icin hanenin en yakin +
pazara uzaklig1 (km)
BS4  iklim ile ilgili bilgi/egitim destegi + BS1 Aile bireylerinden bir veya fazlasi ¢aligmak -
alamayan haneler 0 icin go¢ eden haneler (%)
BS5  Ogiin azaltan haneler + BS11 Toplam isgiicii igerisinde aile bireylerinin tarim -
dis1 islerde gecirdigi siire (%)
BS6  Hanechalki beslenmesi i¢in yiyecek temin etmede zorluk ¢ekilen ay sayisi +
Sosyal Sermaye
SS1  Hane reisi kadin haneler (%) + SS6  Ihtiyag durumunda kéyde yasayanlardan yardir  +
alamayacagini diisiinen haneler (%)
SS2  Bagimli niifus oran1 (%) + SS7  Koyde yasayanlar arasinda borg alma ve verme  +
konularinda sorun yasayan haneler (%)
SS3  Hane reisi yas1 (y1l) + SS8  Kooperatif ortaklig1 veya birlik tiyeligi +
bulunmayan haneler (%)
SS4  Aile birey sayisi (kisi) + SS9  Tarimsal konularda bilgi destegi alamayan +
haneler (%)
SS5  Koyde yasayanlar arasinda giiven eksikligi oldugunu diisiinen haneler (%) +
Dogal Sermaye
DS1  Ekilen toplam tarim arazisi (da) - DS9  Sulama kaynagina erisemeyen haneler (%) +
DS2  iklim degisikligi nedeniyle bag verimi + DS10 Bolgedeki su kaynag: diizenli olarak ihtiyacin1 ~ +
azalan igletmeler (%) kargilamayan haneler (%)
DS3  Arazi egimi orta veya dik egime sahip + DS11 Dogal su kaynaklarinin su seviyesinin azaldigin +
isletmeler (>%7 egimli)) (%) belirten haneler (%)
DS4  Toprak yapisi (kirag arazi yiizdesi) + DS12 Sulama kaynagina yatirim riski oldugunu +
diisiinen haneler (%)
DS5  Pazara uzaklik (km) + DS13 Sulama kaynagina uzaklik (km) +
DS6  Kira ve ortakgilikla islenen arazi (%) + DS14 Sulama yapilamayan bag alani orani (%) +
DS7  Toprak erozyonu yasayan haneler (%) + DS15 Tarmmsal iiretimde ¢esitlendirme -

DS8  Yetistirilen bag iiriinii gesitliligi (n) indeksi (1/(1+n) -
Finansal Sermaye

FNS1 Tarimsal desteklerden faydalanamayan + FNS4 Tasarruf yapamayan haneler (%) +
haneler (%)

FNS2 Tarimsal kredi kullanamayan haneler (%) + FNS5 Toplam gelirde tarima bagimlilik (%) +
FNS3 Tarim Sigortas1 yaptiramayan haneler (%) +
Fiziksel Sermaye
FKS1 Binasermayesi (TL) - FKS4 Bag alani biiyiikliigii (da)
FKS2 Tarimsal alet makine sermayesi (TL) - FKS5 Toplam islenen tarim alani icerisinde bagcilik
pay1 (7o)
FKS3 Hayvan siirii bityiikltigii (BBHB) - FKS6 Damlama sulama yapamayan isletmeler (%)
* FI: Fonksiyonel iliski
Index; = Smax=5i (Es. 3)

Smax—Smin
Farkli birimlerde 6l¢iilen her bir degisken, O ile 1 arasinda deger alan bir indeks ile ifade edildikten sonra, 6nce her

bir sermaye alt unsurlarinin skorlarinin kendi igerisinde agirlikli ortalamalar1 alinip her bir sermaye unsurunun
kirilganlik degeri hesaplanmustir (Esitlik 4).
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n .
i_qindexg; .
Z]_l Sll

LVl = — (Es. 4)

n

Esitlikteki, LVIci, her bir il igin ¢aligma kapsaminda incelenen kirilganlik alt bilesenlerden birini, indexsj her bir alt
bileseni olusturan gosterge indeks degerini ve n ise ana bilesende yer alan gosterge sayisini ifade etmektedir.

Her bir gecim kaynag1 sermayesinin kirilganlik degerlerini hesaplamak icin, Esitlik (5)’deki denklem kullanilarak
her bir sermaye unsurunu olusturan ana gostergelerin ortalamasi alinmigtir:

_ TiawcilVig
LEI = 2w (Es. 5)
LEI, gecim kaynag: etkisi indeksini; LVIg, her bir sermaye unsurunu olusturan gdstergenin kirilganlik degerini; Wi,
her bir sermaye unsuruna katkida bulunan alt gosterge sayisi tarafindan belirlenen gosterge agirhigini ifade etmektedir.
Calismada, tiim alt bilesenlerin ge¢im kaynaklari kirtlganlik indeksine esit sekilde katkida bulundugu varsayilmistir
(Sullivan ve ark., 2002). LEI degeri, 0 (en az kirilgan) ile 1 (yiiksek derecede kirilgan) arasinda degismektedir.

3. Arastirma Sonuglar1 ve Tartisma
3.1. Isletmelerin Genel Ozellikleri

Aragtirmaya dahil olan isletmelerde hane reisinin tamamina yakimini (%99) erkeklerden olugsmakta olup,
goriisme yapilan ireticilerin ortalama yast 54.44 ve ortalama tarimsal iiretimdeki deneyimi ise 33 yildir.
Isletmecilerin, %72’si (338 kisi) ilkdgretim mezunu ve %78.3’iiniin (365 kisi) bir yilda tarimda kendi isinde
calisma siiresi 6 ay ve lizeri bireylerden olusmaktadir. Bagcilik yapan isletmelerde ortalama aile birey sayist 3
kisidir.

3.2. Isletmelerin Karsilastiklar: Iklimsel Olaylar ve Etkileri

Incelenen isletmelerde doga olaylar1 ve iklim degisikligi maruziyetlerini 6lgmek igin, isletmelere son 10 yilda
isletmelerinin bulundugu bolgede asir1 yagmur, asiri kuraklik, don olayi, dolu, sel, sicaklik artis ve azalislari,
yagmur sezonunda kisalma ve gecikme, yagmurlu ve kurak mevsimde gecikme nedeniyle iiretim dénemindeki
degisiklik, iklime bagl arazi kaymasi ve firtina hortum gibi olaylarin ger¢eklesme sikliklar1 sorulmus ve Tablo
3’de sonuglar verilmistir. Buna gore isletmelerin karsilastiklari iklim olaylar1 arasinda en fazla agir1 kuraklik (2.25)
ve sicaklik artiglart (2.01) orta diizeyin lizerinde gergeklesirken, yagmur sezonunda gecikme (1.94), don olaylar1
(1.77) ve yagmur sezonunda kisalma (1.70) ve dolu olaylar1 (1.68) isletmelerin en fazla karsilastiklar: diger iklim
olaylar1 arasinda yer aldig1 gériilmiistiir. Isletmelerin maruz kaldiklar1 iklimsel olaylar karsisinda ise en fazla
sicaklik artis1 (1.73) ve asir1 kuraklik (1.71) ile basa ¢ikmada zorlandiklarmi belirtmislerdir (Tablo 3). Isletmeler
tarafindan asir1 kuraklik durumunun siddeti ve olumsuz etkisi sicaklik artiglarina gore daha yiiksek degerlendirilse
de sulama imkani1 olan igletmeler kurakliktan diger iireticilere gore daha az etkilenmekte ve kuraklikla basa
cikmada zorlanma diizeyleri daha diisiik oldugu goriillmiistiir. Bununla birlikte, her ne kadar bazi iklimsel olaylarin
goriilme siklig1 ve etkisi diisiik degerlendirilmesine ragmen bazi iklimsel olaylarin etkileri bolgelere ve ilgelere
gore degisebilecegi de goz Oniine alinmalidir.

3.2. Iklim Degisikliginin Isletmelerin Siirdiiriilebilir Gecim Kaynaklari Sermaye Unsurlarina Etkisi Acisindan
Degerlendirilmesi

Gegim kaynagi, insanlari, yeteneklerini ve yiyecek, gelir ve varliklari da igeren yasam araglarini igermektedir.
Bir gecim kaynagi, stresler ve soklarla bas edebildigi ve bunlar1 toparlayabildigi ve dogal kaynak tabanina zarar
vermeden hem simdi hem de gelecekte yeteneklerini ve varliklarmmi gelistirmeyi bagarabildigi zaman
stirdiiriilebilirdir (Chambers ve Conway, 1992).

Iklim degisikliginin incelenen isletmelerde beseri, sosyal, fiziksel, dogal ve finansal sermaye unsurlarimi
kapsayan ge¢im kaynaklari etkilenebilirlik indeksi Tablo 4 ve Sekil 1°de verilmistir. Buna gore tiim isletmeler igin
genel gecim kaynaklart etkilenebilirlik indeksi (LEI) 0.440 olarak hesaplanmis olup, bu deger iklim degisikligi ve
afetler gibi soklar karsisinda {iziim {ireticilerinin ge¢im kaynaklarinin orta diizeyde etkilenebilir oldugunu ifade
etmektedir. Gegim kaynaklar1 kirilganlik diizeyleri bakimindan iller arasinda hesaplanan degerler birbirine yakin
olmakla birlikte, en ¢ok etkilenebilirlik Malatya (0.495) ve en az etkilenebilirlik Manisa (0.392) ili igin
hesaplanmustir.
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Tablo 3. Uziim iireticilerinin karsilagtiklari iklimsel olaylar ve etkilerine yénelik goriisleri

Table 3. Opinions of grape producers on the climatic events they encounter and their effects

Olaym Olayin  Olaym isletme Bu tehlikeyle
iklimsel Olaylar gerceklesme  siddeti* ilizerine basa ¢ikmada

sikligr* olumsuz etkisi*  zorlanma*
Asir1 kuraklik 2.25 241 2.38 171
Sicakligin artmasi 2.01 2.23 2.23 1.73
Yagmur sezonunda gecikme 1.94 1.97 1.95 1.50
Don olaylar1 1.77 1.76 1.76 1.50
Yagmur sezonunda kisalma 1.70 1.72 1.72 1.34
Dolu olaylari 1.68 1.82 1.83 149
Yagmurlu ve kurak mevsimdeki degisiklikler; dikim,
bufama, hasat vb. ddnemlerde degiiililiklere yol agar 088 0.92 0.92 0.73
Firtina dalgasi, hortum, kuvvetli riizgar 0.54 0.66 0.65 0.48
Sicakligin azalmasi 0.25 0.25 0.26 0.07
Asir1 yagmur 0.22 0.32 0.32 0.29
Sel 0.15 0.21 0.21 0.21
Iklim ile ilgili arazi veya camur kaymasi 0.03 0.04 0.04 0.03

*klimsel olaylarn etkileri; 0:Hig, 1:Diisiik; 2:Orta; 3:Yiiksek

Gecim kaynagi etkilenebilirlik indeksini olusturan her bir sermaye unsurunun kirilganliinin diizeyinin
bilinmesi, dis soklar karsisinda alternatif stratejiler yoluyla isletmelerde direngliligin giiclendirilmesi agisindan
onemlidir. Bu kapsamda calismada igletmelerin iklim degisikligi gibi afetler karsisinda en fazla kirilgan sermaye
unsurunu fiziksel sermayeleri olusturdugu goriilmiistiir (0.790). isletmelerin sahip olduklar finansal sermaye
(0.582) ve dogal sermaye unsurlart (0.436) ise ge¢im kaynaklart etkilenebilirlik diizeyi iizerinde orta diizeyde
etkilemektedir.

Fiziki sermaye unsurunu isletmelerin aktif sermaye unsurlarindan bina sermayesi, toprak varligi, hayvan
sermayesi, tarimsal alet makine sermayesi ve arazi islahi (sulamaya yonelik yatirimlar) olusturmaktadir.
Literatiirde, isletmelerde fiziki sermayenin, hanehalkinin tarimsal faaliyetlere katilimini kolaylastiran ve gegim
kaynaklarini giivence altina almay1 saglayan 6nemli bir unsur oldugunu gostermektedir (Aryal ve ark., 2014; He
ve Ahmed, 2022). Bununla birlikte tarim isletmelerinde fiziksel sermaye unsurlarindan herhangi birinin
yetersizligi ya da fazlaligi, isletmelerin basarili ¢aligmalarini olumsuz yonde etkilemektedir. Rantabl ¢alisabilmek
icin gerekli sermaye unsurlarindan her birinin belirli oranlarda bulunmasi gerekmektedir (Erkus ve ark., 1995).
Calisma kapsaminda incelenen isletmelerdeki tarimsal iiretim faaliyeti igerisinde hayvan varligimin diisiik olmasi
(0.976), isletmelerin sahip olduklar1 tarimsal alet ve makine sermayesinin diisiikliigii (0.937) ve islenen bag
alanlarinin kii¢iik 6l¢ekte olmasinin (0.885) fiziksel sermaye kirllganligini yiiksek diizeyde artiran unsurlar oldugu
bulunmustur.

Incelenen isletmelerde tarimsal iiretim faaliyeti igerisinde hayvansal iiretime yer veren isletmelerin
orant %10.51 olup, ortalama siirii biiyiikliigii 0.645 BBHB olarak hesaplanmstir. iller bazinda isletmelerde en
fazla hayvan varlig1 2.02 BBHB ile Malatya ilinde en az ise 0.10 BBHB ile Tekirdag ilinde bulunmaktadir.
Isletmelerde bitkisel iiretim faaliyetinin yani sira hayvancilik faaliyetine de yer verilmesi, bitkisel iiretimdeki
iklimsel risklere kars1 gelir istikrar1 saglayarak hanehalki ge¢im kaynaklarini giivence altina alinmasi agisindan
onemlidir (Aryal ve ark., 2014; Aribi ve ark., 2021)

Isletmelerin sahip olduklari tarimsal alet makine sermayesi ise fiziksel sermaye unsurlarmin
degerlendirilmesinde Onemli bir gostergedir. Kullanilan teknoloji uygulamalarinin isletmelerde verimliligi
artirarak gecim kaynaklarina olumlu bir sekilde yansimasi agisindan dnemli bir unsurdur. Bu agidan incelenen
illerde tarimsal alet makine varligi bakimindan en kirilgan il Malatya (0.969) ve en az kirilgan il ise Manisa (0.909)
hesaplanmistir. Tim isletmeler i¢in ciftlik varliklar1 kapsaminda, en fazla varlik isletme bagina 0.893 adet ile
traktor, 0.678 adet piilverizatordiir ve 0.660 adet ile toprak isleme aletleri (pulluk ve kiiltivator) olusturmaktadir.
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iklim Degisikligine Karst Tarim Isletmelerinin Gegim Kaynaklar1 Etkilenebilirliginin Sermaye Unsurlari Agisindan Degerlendirilmesi: Tiirkiye’de Uziim
Ureticileri Ornegi

Manisa ilindeki {iziim tireticilerinin diger bolgelerden farkli olarak {iziim serme ve toplama makinesi (isletme
basina 0.157 adet), iiziim savurma makinesine (0.300 adet) sahip oldugu tespit edilmistir. Uziim iireticilerinin
sadece %29’su depo, %12’si hayvancilik faaliyetlerine yonelik ahir varligina, %0.6’s1 samanlik ve %0.8’si su

tankina sahiptir.

Fiziksel sermaye unsurlar1 arasinda kirilganligt artiran diger bir faktor ise isletmelerin sahip oldugu bag alani
biiyiikliigii (0.885) bulunmustur. Isletmelerde ortalama islenen tarim arazisi 73.27 dekar olup, bag alani ise 35.39
dekardir. Diger bir ifade ile isletmeler tarim arazilerinin %48.29’unu iiziim iiretimine ayirmaktadir. iller bazinda
isletme basina ortalama bag alani en diisiik 11.62 dekar ile Malatya ilinde, en yiiksek ise 45.97 dekar ile Elazig
ilindedir.

Isletmelerin {iretimlerinde daha yiiksek verim saglamalari amactyla modern sulama sistemlerinden
yararlanmalar1 bakimmdan da kirilganliklar1 yiiksek diizeydedir (0.627). Tekirdag ilinde goriisme yapilan
isletmelerin tamaminda bag alanlarinda sulama yapilmamaktir. Bu bulgu Durgut ve Armn (2005) yaptiklari calisma
sonucu ile de uyumludur. Adiyaman ilinde gériisme yapilan iiziim iireticileri arasinda damlama sulama sistemi
kullanan isletmelerin oran1 %2.5, Nevsehir ilinde %10.0, Malatya ilinde ise %20 oldugu tespit edilmigtir. Tiim
isletmeler i¢in damlama sulama sistemi kullanim orani ise %37.34 olarak hesaplanmis olup en yiiksek damlama
sulama sistemi kullanim oran1 %83.64 ile Mersin ilinde hesaplanmustir.

Isletmelerde fiziksel sermaye unsurlarindan sonra ikinci en yiiksek kirilganliga sahip sermaye unsurunu ise
finansal sermaye (0.582) olusturmaktadir Pandey ve ark. (2017) yaptiklar1 ¢alismada daha fazla finansal
sermayeye sahip olan isletmelerin iklim degisikliginin etkilerine kars1 daha fazla uyum saglama kapasitelerine
sahip olduklarin1 ortaya koymustur. Ciinkii finansal varliklar hanehalki nakit ihtiyacin1i kolayca
kargilayabileceginden iklim degisikliginin hanehalki geliri iizerindeki olumsuz etkilerini kisa siire igerisinde
azaltmada kilit bir role sahiptir (Sujakhu ve ark., 2019) Bu bulgu ¢alisma sonuglari ile de uyumludur. Incelenen
isletmelerde finansal sermaye unsurunu olusturan gostergeler olarak kisi basi hanehalk: geliri, toplam gelirde
tarimin payi, tarimsal desteklerden faydalanma, tarimsal kredi kullanimi, tarim sigortasi yaptirma ve tasarruf
yapabilme acisindan degerlendirilmistir. Incelenen gostergeler arasinda, gecim kaynaklar1 kirilganligii en fazla
artiran gostergeler arasinda, kisi basi gelir (0.869) ve hane gelirinin tarimsal faaliyetlere bagimliligi (0.765)
bulunmustur. Hinkel (2011), kirsal hanelerin gelirlerinin tarima bagimli olusunun, iklim degisikligine kars1 {iriin
hasadindaki azalislar nedeniyle gelirdeki kirilganliklarini artirarak nakit ihtiyaglart igin onlari bor¢lanmaya
zorlayabilecegini ifade etmistir. Ancak bu durum tarimsal faaliyetlerden elde edilen gelirin hanehalkinin tasarruf
yapmasina olanak sagladig: siirece gegim kaynaklart etkilenebilirliginin azaltici bir etkisi olacagi da gz oniine
almmalidir. Diger bir ifade ile toplam gelirde tarimsal gelire bagimlilik yiiksek olsa bile, tarimsal gelir tasarruf ve
yatirimlar i¢in yeterli ise ge¢cim kaynaklarinin daha az kirilgan olmasina neden olacaktir. Calismada bu durum,
iller diizeyinde diger kirilganlik gostergeleri ile incelendiginde net bir sekilde goriilmektedir. incelenen
isletmelerde, tarimsal gelire bagimlilik bakimindan kirilganligin en yiiksek oldugu Mersin (0.886) ve Manisa
(0.858) illerinde tasarruf yapabilen hane orani sirasiyla %60 ve %74.3 olarak hesaplanmistir. Bununla birlikte
tarimsal gelire bagimlilik bakimindan kirilganligi en diisiik il olan Malatya’da (0.505) ise goriisme yapilan
hanelerin sadece %20’si tasarruf yapabilmektedir. Bu illerde kisi bas1 gelir kirilganligi en yiiksek Malatya (0.957),
en diisiik ise Manisa (0.794) ve Mersin (0.816) illeri hesaplanmistir. S6z konusu illerde, sirasiyla tarim sigortasi
yaptirma orani ise Malatya ilinde %22.5 iken, bu deger Mersin ilinde %72.7 ve Manisa ilinde %70.7 olarak
hesaplanmigstir. Benzer seklide Malatya ilinde isletmelerin tarimsal kredi kullanim oram1 %17.5 iken, Manisa
ilinde %56.4 ve Mersin ilinde %52.7’dir. Dolayisiyla arastirma kapsaminda incelenen illerde, Malatya ili tarimsal
gelire bagimliligi en diisiik il olmasina ragmen finansal sermaye kirilganligi (0.765) en yiiksek il olarak bulunurken,
tarimsal gelire bagimlilig1 en yiiksek fakat finansal sermaye kirllganlig1 en diisiik iller arasinda Manisa (0.477), ve
Mersin (0.541) illeri oldugu goriilmiistiir.

Diger bir ge¢im kaynagi sermaye unsurunu olusturan dogal kaynaklar sermayesi ise ¢aligmada isletmelerdeki
toprak, su ve tarimsal iiretim c¢esitliligi bakimindan ele alinmistir. Bu agidan isletmelerin sahip oldugu bag alam
biiylikliigii, toprak yapisi (egimli ve kirag), isletmenin pazara yakinligi, toprak erozyonuna maruz kalma, sulama
imkanlar1 ve yatirimlari, su kaynaklarinda bozulma, sulama kaynagina uzaklik, yetistirilen tarimsal {iriin ve tiziim
cesitliligi, iklim nedeniyle bag veriminde azalma gostergeleri gelistirilerek dogal kaynak sermayesi indeks degeri
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hesaplanmistir. Buna gore, tiim isletmeler i¢cin dogal kaynaklar sermayesi kirilganligt 0.436 olarak hesaplanmus,
orta derecede kirilganliga sahip oldugu sdylenebilir.

Isletmelerin dogal kaynaklar sermayesi kirllganliginin artmasinda yiiksek diizeyde etkisi olan unsurlar arasinda,
islenen tarim arazilerinin kiigiik 6l¢ekte olusu (0.945), iklim degisikligi nedeniyle bag veriminde azalma yasayan
hanelerin yiiksekligi (0.927) ve yetistirilen bag lirlinii ¢esit sayisinin azhigi (0.892) gelmektedir. Bununla birlikte,
isletme genelinde tarimsal iiretim faaliyetinde ¢esitliligin az olmasit (0.694), isletmelerin kira¢ toprak yapisina
sahip olmasi (0.613), kuru kosullarda bagcilik yapilan alanlar (0.494), arazilerin egimli olmasi (0.462), sulama
kaynagina uzaklik (0.436) faktorlerinin gecim kaynaklar kirilganligini orta diizeyde etkilemektedir.

Iklim degisikliginin gecim kaynaklar1 {izerindeki kirilganhigi, sahip olunan kaynaklarin biiyiikligiine,
kullanimina ve iiretkenligine atfedilir (Asrat ve Simane, 2017). Caligmalar, sinirli dogal kaynaklara sahip ve tarima
bagimlilig: yiiksek kiiciik 6lcekli tarim igletmelerinin, daha fazla iiretim gesitliligi ve sulama imkanina sahip daha
biiyiik isletmelere kiyasla daha savunmasiz oldugunu gostermektedir (Abid ve ark. 2016; Khan ve ark., 2020;
Khan ve ark., 2021). Ciinkii, daha az kaynak ve teknolojiye sahip kiiciik Olcekli isletmelerde, iklimsel
degiskenlikler ve bunlarla ilgili olusan zararlar nedeniyle, riinlerin kalitesi, verimi ve fiyati lizerinde
dalgalanmalara neden olabilir ve bu durum, kiiciik ¢iftliklerin pazar erisimini kisitlayarak ge¢im kaynaklarin
etkileyebilmektedir. Bununla birlikte, sinirli kaynaklar1 nedeniyle adaptasyon stratejilerini uygulamak ve yeni
teknolojileri benimsemek i¢in yeterli finansal ve teknik destek alamama sorunlar1 da yagayabilirler.

Incelenen isletmelerde son ii¢ yilin bag verimi ortalamasi dekara 1.05 ton olarak hesaplanmistir. Adiyaman
ilinde anket calismasmin yapildig: igletmelerde, sofralik iiretim yapilan baglarin verimden diismiis olmasi
nedeniyle ortalama ii¢ yillik verim dekara 0.36 ton ile incelenen iller icerisindeki en diisiik verim degeri olarak
hesaplanmistir. Bununla birlikte iklimsel faktorlere bagli olarak isletmelerin %92.7’si ortalama bag veriminde son
yillarda azalma yasadiklarini belirtmislerdir.

Bu bakimdan, kirsal kesimdeki hanelerin riskler ve buna bagli savunmasizligint yonetme perspektifinden ve
bazi durumlarda gelirleri artirma arzusundan, tarimsal driinleri g¢esitlendirmesi bir politika hedefi olarak
uygulanmaktadir (Kimenju ve David, 2008). Incelenen isletmelerde tarimsal {iretim faaliyeti biiyiik oranda bitkisel
tiretim agirlikli olup, toplam tarimsal {iretim deseninde isletmelerin en fazla alt1 farkl: {iretim bransina yer verdigi
goriilmiistiir. Buna gore tarimsal lretimlerinde en fazla iki ¢esit iretim faaliyetine yer veren isletmelerin
oran1 %66.74, ii¢ ¢esit liretim faaliyetine yer veren isletmeler %20.82 ve dort ¢esit ve iizeri liretim faaliyetine yer
veren isletmelerin orani ise %12.44 olarak hesaplanmistir. Tim isletmeler icin toplam ekilen tarim
arazisinin %48.29’unu bag alanina ayirirken, isletmelerin iiretim deseninde en fazla {iretimine yer verdigi diger
iiriinlerin basinda %12.65 ile bugday, %7.66 ile arpa ve %6.71 ile silajlik misir iiretimi gelmektedir. Geriye
kalan %24.69’Iuk alanda ise, incelenen bolgelerin iklim kosullarina uygun olarak 30’un iizerinde farkli {iriiniin
yetistiriciligi tespit edilmistir. Bununla birlikte yetistirilen bag ¢esit sayist bakimindan ise isletmelerin %69.96’s1
bir gesit, %27.9’u iki cesit ve %2.15’1 ise {i¢ veya dort cesit {iziim {iretimine yer vermektedir. iller bazinda ise,
Mersin (%98.18), Manisa (%91.43) ve Elaz1g (%87.5) illeri agirlikli olarak isletmelerinde tek cesit {iziim tiretimine
yer verirken, Nevsehir ilinde treticilerin %82.51 iki veya lig ¢esit liziim tiretimine yer vermektedir.

Dogal kaynak sermayesi agisindan énemli bir diger husus ise, isletmelerdeki toprak yapisi ve sulama imkanlari
acisindan kirillganliklaridir. Tekirdag ilinde goriisme yapilan isletmelerin tamaminda bag alanlarinda sulama
kaynagma erisim olmadig1 ve bu nedenle {iziim iiretiminde sulu tarimin yapilamamasi nedeniyle, Tekirdag ili diger
iller igerisinde dogal kaynaklar sermayesi en kirilgan il (0.523) olarak hesaplanmistir. Tiirkiye’de yeterli sulama
alt yapisinin olusturulamamis olmas1 ve sulanan alanlarda ise diger tarimsal iiriinlerden elde edilen gelirin daha
yiiksek olmasi nedeniyle, bagciligin daha az tercih edilen bir bitkisel iiretim metodu olmasi, yeterli yagisin diistiigi
yorelerde bagciligin susuz olarak siirdiiriilmesine neden olmaktadir (Odabasioglu ve ark., 2021). Bununla birlikte,
Tiirkiye’de bagcilik iiretim faaliyetinin kuru kosullarda yaygin yapiliyor olmast hem iiziim verimini hem de
kalitesini diistirmektedir. Turkiye’de yuritiilen birgok arastirmada, baglarda yeterli sulamanin yapilmasi halinde
iizlim veriminin %35 ile %86 arasinda artabilecegi ortaya konulmustur (Topuz ve Dagdelen, 2017; Colak ve ark.,
2019; Pekmezci ve Dardeniz, 2020).

Ek olarak bagciligin yapildig1 arazilerin Manisa ili hari¢ oldukga yiiksek kirag toprak yapisina sahip olmalar
da isletmelerde verimlilik ve hanehalki geg¢im kaynaklari agisindan diger bir sorun olusturmaktadir. Uziim
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iireticilerinin isledigi toplam bag alaninin toprak yapisina gore %41’ini taban, %27’si kir taban ve %32’si kirag
araziden olusmaktadir. Bag alanlarinin arazi egimine gore %53.8’1 diiz egimli, %46.2’1 orta ve dik egimlidir.

Bununla birlikte, diger gostergelerle kiyaslandiginda igletmelerin dogal kaynak sermayesinin daha direncli
oldugu unsurlar1 arasinda ise, isletmelerin sulama kaynagina (0.034) ve pazara (0.068) yakin olmasi, miilk arazi
sahipliliginin yiiksek olusu (0.138), su kaynaginin su seviyesinde azalma yasayan isletmelerin nispeten az olmast
(0.162), isletmelerde toprak erozyonunun daha az yasanmasi (0.204) gelmektedir.

Incelenen tiim sermaye unsurlar1 arasinda isletmelerin dis soklar ve risklere kars1 gecim kaynaklar1 agisindan
beseri (0.261) ve sosyal (0.341) sermayelerinin daha direngli oldugu bulunmustur. Khan ve ark. (2020) daha gii¢lii
beseri ve sosyal sermayenin, igletmelerin soklara direngli risk yonetimi kapasitesini artirdigini bildirmistir. Ancak
calisma kapsaminda s6z konusu sermaye unsurunu olusturan gostergeler arasinda en kirilgan unsurlarmni ise,
hanelerin tarimsal konularda bilgi alamama diizeyi (0.837), hanehalki reisinin iklim ile ilgili konularda egitim veya
bilgi destegi alamamasi (0.602), hanehalki reisi yasi (0.572), hanehalki reisinin tarimsal deneyimi (0.543),
hanehalki reisi egitim durumu (0.467), koyde yasayan bireyler arasinda parasal konularda bor¢ alma ve verme
konularinda giiven eksikligi yasayan hanelerin varligi (0.496) gelmektedir.
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Figure 1. Vulnerability of livelihood assets by provinces
Sekil 1. Illere gire gecim kaynaklart sermaye unsurlarimin kirldganlik diizeyleri

Benzer sekilde, ¢aligmalar, giincel tarimsal bilgilere erigebilen ve tarimsal faaliyetlerini iklim degiskenligine
nasil uyarlayacagint bilen ciftgilerin, liretim risklerine karsi daha yiiksek ciftlik yonetimi becerilerine sahip
oldugunu, daha fazla iiriin verimi elde ettigini ve sonugta isletmelerin uyum saglama kapasitesini gelistirdigini
gostermektedir (Khan ve ark., 2019; Khan ve ark., 2021; Moser ve Luers, 2008).

Hanehalk: reisinin yasinin iklim degisikligi tizerindeki etkisi ¢ok yonlii olabilmekte ve bu nedenle tarim
sektoriindeki geng ve yasl ciftcilerin her birinin farkli giiclii ve zayif yonleri bulunmaktadir. Caligsmalar, ¢iftci
yaginin artisi ile daha fazla deneyime sahip olmalarina ve bu sayede iklim degisikligiyle basa ¢ikma konusundaki
riskleri azaltacak daha iyi uyum becerileri ve bilgi birikimine sahip olduklarini ortaya koymaktadir (Mugari ve
ark., 2020; Karki ve ark., 2020; Mugari ve ark., 2023). Bununla birlikte, geng¢ ¢iftgilerin, iklimsel uyum
becerilerinin daha esnek ve yeni tarim teknolojilerine daha kolay uyum saglayabilme, iklim degisikligiyle
miicadelede modern tarim araglart ve iklim dostu yontemleri benimsemeye daha yatkin olabilirler. Bu durum
literatiirde benzer ¢alismalar ile de ortaya konulmustur (Mabe ve ark., 2014; McCarthy ve ark., 2001).
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Tablo 4. Gecim kaynaklari etkilenebilirligi indeksini olusturan sermaye bilesenleri indeks degerleri

Table 4. Index values of capital components of livelihood effect index

Gostergeler Genel Adiyamar Denizli Elazig Malatya  Manisa Mersin Nevsehir Tekirdag
Ortalama
Beseri Sermaye 0.261 0.312 0.261 0.237 0.288 0.227 0.282 0.325 0.227
Hastalik nedeniyle okul/ise gidemeyen haneler 0.378 0.425 0.268 0.325 0.525 0.400 0.364 0.525 0.225
Hanehalki reisi egitim indeksi 0.467 0.531 0.413 0.474 0.454 0.465 0.450 0.515 0.487
Hanehalki reisi tarimsal deneyim 0.543 0.523 0.557 0.541 0.567 0.560 0.559 0.495 0.483
Iklim ile ilgili bilgi/egitim destegi alamayan haneler 0.602 0.750 0.613 0.613 0.538 0.575 0.582 0.575 0.638
Hanehalki beslenmesi i¢in yiyecek temin etmede zorluk c¢ekilen ay sayisi 0.078 0.155 0.037 0.110 0.240 0.023 0.047 0.040 0.150
Ogiin azaltan haneler 0.073 0.325 0.042 0.025 0.125 0.043 0.036 0.075 0.025
Temel gida ihtyaclarin1 hane digindan karsilayan haneler 0.190 0.273 0.151 0.156 0.273 0.046 0.283 0.544 0.158
Bir yilda aile tiiketimi i¢in satin alinan hububat miktari 0.216 0.136 0.176 0.110 0.159 0.323 0.228 0.141 0.209
Temel gida aligverisi i¢in hanenin en yakin pazara uzaklig: 0.036 0.029 0.015 0.077 0.030 0.009 0.144 0.023 0.008
Aile bireylerinden bir veya fazlasi ¢alismak i¢in gé¢ eden hane orani 0.139 0.100 0.310 0.000 0.075 0.064 0.236 0.300 0.050
Toplam iggiiciinde aile bireylerinin tarim dis1 islerde gegirdigi siire 0.145 0.111 0.256 0.068 0.122 0.101 0.182 0.268 0.056
Sosyal Sermaye 0.341 0.380 0.319 0.448 0.400 0.365 0.270 0.318 0.210
Hane reisi kadin 0.006 0.000 0.000 0.025 0.025 0.007 0.000 0.000 0.000
Bagimli niifus orani 0.150 0.124 0.167 0.221 0.168 0.170 0.073 0.128 0.118
Hane reisi yast 0.572 0.585 0.620 0.663 0.543 0.526 0.540 0.596 0.589
Aile birey say1s1 0.290 0.209 0.306 0.219 0.263 0.335 0.268 0.388 0.213
Bu kdyde yasayan insanlara giivenmeyen hane orani 0.217 0.200 0.141 0.250 0.250 0.307 0.182 0.175 0.075
Yardimlagsma alamayacagini diisiinen hane orani 0.260 0.375 0.183 0.550 0.375 0.264 0.200 0.125 0.075
Borg alma ve verme konularinda giiven sorunu yasayan haneler 0.496 0.475 0.493 0.625 0.475 0.671 0.345 0.375 0.125
Kooperatif ortaklig1 veya birlik liyeligi bulunmayan haneler 0.240 0.600 0.169 0.525 0.725 0.093 0.055 0.225 0.025
Tarimsal konularda bilgi destegi alamayan hanelerin orant 0.837 0.850 0.789 0.950 0.775 0.914 0.764 0.850 0.675
Fiziksel Sermaye 0.790 0.811 0.828 0.758 0.782 0.752 0.729 0.833 0.916
Bina sermayesi 0.631 0.579 0.678 0.650 0.488 0.579 0.606 0.650 0.921
Tarimsal alet makine sermayesi 0.937 0.962 0.937 0.917 0.969 0.909 0.954 0.949 0.957
Hayvan siirii biiytiklagii (BBHB) 0.976 0.985 0.972 0.980 0.925 0.979 0.980 0.989 0.996
Bag alani biiytukligii 0.885 0.926 0.861 0.850 0.964 0.858 0.897 0.882 0.923
Toplam iglenen tarim alani igerisinde bagcilik pay1 0.684 0.438 0.771 0.599 0.546 0.751 0.777 0.628 0.699
Damlama sulama yapamayan isletmeler orani 0.627 0.975 0.746 0.550 0.800 0.436 0.164 0.900 1.000
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Tablo 4 (devam)

Table 4 (continued)

Gostergeler Genel Adiyaman  Denizli Elazig Malatya Manisa  Mersin Nevsehir Tekirdag
Ortalama
Dogal Sermaye 0.436 0.492 0.445 0.460 0.482 0.350 0.475 0.454 0.523
Ekilen toplam tarim arazisi ortalamasi 0.945 0.956 0.959 0.883 0.975 0.937 0.965 0.916 0.974
Iklim degisikligi nedeniyle ortalama bag verimi azalan isletmeler 0.927 0.950 0.958 0.975 0.925 0.850 0.982 0.975 0.950
Arazi egimi orta veya dik egime sahip isletme sayis1 (>%7 egimli)) 0.462 0.502 0.461 0.605 0.735 0.113 0.619 0.658 0.816
Toprak yapisi (kirag arazi ylizdesi) 0.613 0.975 0.674 0.600 0.905 0.153 0.835 0.925 0.851
Pazara uzaklik 0.068 0.095 0.069 0.031 0.132 0.018 0.126 0.075 0.105
Kira ve ortakeilikla iglenen arazi orant 0.138 0.067 0.163 0.039 0.035 0.183 0.130 0.189 0.173
Yetistirilen bag tiriinii ¢esitliligi 0.892 0.817 0.869 0.950 0.833 0.971 0.994 0.667 0.817
Toprak erozyonu yasayan haneler 0.204 0.350 0.197 0.300 0.125 0.164 0.127 0.075 0.425
Sulama kaynagina erisemeyen haneler 0.436 0.925 0.606 0.525 0.700 0.000 0.145 0.650 1.000
Bolgedeki su kaynagi diizenli olarak ihtiyacini kargilamayan haneler 0.313 0.050 0.155 0.450 0.250 0.457 0.655 0.125 0.000
Dogal su kaynaklarinin su seviyesinin azaldigini belirten haneler 0.162 0.025 0.103 0.158 0.083 0.279 0.267 0.092 0.000
Sulama kaynagina yatirim riski oldugunu diisiinen haneler 0.157 0.000 0.127 0.175 0.100 0.293 0.200 0.025 0.000
Sulama kaynagina uzaklik 0.034 0.000 0.027 0.012 0.042 0.046 0.084 0.014 0.001
Sulama yapilamayan bag alani orant 0.494 0.970 0.622 0.525 0.765 0.056 0.269 0.820 1.000
Tarimsal tiretimde cesitlendirme 0.694 0.696 0.682 0.675 0.621 0.723 0.732 0.611 0.732
Finansal Sermaye 0.582 0.653 0.551 0.707 0.765 0.477 0.541 0.601 0.659
Tarimsal desteklerden faydalanamayan hane orani 0.322 0.400 0.197 0.475 0.725 0.221 0.400 0.300 0.175
Tarimsal kredi kullanamayan hane orani 0.573 0.550 0.563 0.750 0.825 0.436 0.473 0.600 0.775
Tarim Sigortas1 yaptiramayan hane orani 0.479 0.500 0.521 0.750 0.775 0.293 0.273 0.475 0.750
Tasarruf yapamayan haneler 0.483 0.875 0.394 0.600 0.800 0.257 0.400 0.550 0.650
Toplam gelirde tarima bagimlilik 0.765 0.640 0.752 0.749 0.505 0.858 0.886 0.745 0.674
Kisi bagt yillik gelir 0.869 0.951 0.876 0.917 0.957 0.794 0.816 0.935 0.928
LEI 0.440 0.490 0.440 0.475 0.495 0.392 0.432 0.465 0.461
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Benzer sekilde giftcilerin egitim diizeyi artikca, bilgi, beceri ve teknoloji agisindan daha donanimli ve bu
sayede daha siirdiiriilebilir ve direngli tarim uygulamalarina yonlendirilebilirler. Bu durum Williams ve ark. (2018)
ve Rai ve ark. (2022) yaptiklar1 ¢alismanin sonuglariyla da uyumludur

4. Sonug

Bu caligmada, tarim fireticilerin iklim krizi gibi dig soklar karsisinda hanehalki ge¢im kaynaklarinin ne diizeyde
kirilgan oldugu ve bu kirillganligin bolgeler arasinda ne diizeyde farklilagtigi, iiziim iireticileri 6zelinde ortaya
konulmaya ¢alisilmistir. Uziim iireticilerinin siirdiiriilebilir ge¢im kaynaklarini olusturan bes sermaye unsuru agisindan
dayaniklilig1 incelenerek, isletmelerde hangi alanlarin giiglendirilmesi gerektigi konusunda ilgili paydaglara ve politika
yapicilara uyum stratejilerinin gelistirilmesinde yol gosterici olmasi hedeflenmistir.

Calismadan elde edilen bulgular dogrultusunda, Tiirkiye’de incelenen iller ortalamasina gore tiziim tireticilerinin
iklim degisikliginin olumsuz etkilerine uyum saglama kapasitelerinin ve tarimsal yapilarinin zayif olmast nedeniyle
iklim degisikliginin isletmelerde yarattig1 maruziyet ge¢im kaynaklarini orta diizeyde etkilemektedir. Bununla birlikte
calisma sonucunda incelenen illerdeki bagcilik isletmelerinin iklimsel olaylara maruziyetleri ve hassasiyetlerindeki
farkliliklar1 nedeniyle, uyum stratejilerinin de bu farkliliklart gézeterek gelistirilmesi gerekliligini ortaya koymaktadir.
Genel olarak degerlendirildiginde ise isletmeler iklimsel olaylardan en fazla asir1 kuraklik, sicaklik artiglari, yagmur
sezonundaki gecikmeler ve yagmur sezonundaki kisalmalardan olumsuz etkilenmistir. Bununla birlikte, hanehalki
gelirinin tarima bagliligi, arazilerin toprak yapisi ve sulama imkanlar1 nedeniyle bu iklimsel faktorler karsisinda
hassasiyetleri daha da artmaktir. Ancak, bu maruziyet ve hassasiyetler ile basa ¢ikmada, igletmelerin sahip oldugu
hanehalki aktif niifus varligy, tarimsal desteklerden faydalanma diizeyi ve kooperatif ortaklig1 veya birlik iiyeligi gibi
unsurlarin katkisi daha fazladir. Bununla birlikte, uyum kapasitelerini daha giiglii kilacak isletmelerin sahip olduklari
sermaye unsurlar1 genel olarak zayif bulunmustur. Bu kapsamda degerlendirilen, igletmelerin gecim kaynaklarini
olusturan sermaye unsurlar1 arasinda fiziksel sermayeleri, isletmelerin dis soklara karsi en fazla kirillgan sermaye
unsurudur. Isletmelerin sahip olduklari finansal sermaye ve dogal sermaye unsurlari ise ge¢im kaynaklari
etkilenebilirlik diizeyi iizerinde orta diizeyde etkilemektedir. isletmelerin beseri sermaye ve sosyal sermayeleri
bakimindan dis soklara kars1 daha dayanakli olduklart sonucuna varilmustir.

Calisma kapsaminda incelenen isletmeler igerisinde kiigiik 6lgekli, hayvan sermayesi ve tarimsal alet makine
sermayesi diisiik, sulama imkan1 bulunmayan verimliligi diisiik, hane geliri biiyiik oranda tarima bagli olup kisi basi
diisen geliri diisiik, tarimsal {iretimde ¢esitlendirme yapma imkani olmayan ve tarimsal iiretim ve iklim degisikligi ile
ilgili konularda egitim veya bilgi destegi alamayan hanelerde daha yiiksek gecim kaynaklari kirilganlik degerine sahip
olduklar1 goriilmiistiir. Aragtirma kapsaminda incelenen iller arasinda gegim kaynaklari kirilganligi en yiiksek Malatya
ve en diisiik Manisa ilinde bulunmustur.

Calisma sonuncunda incelenen tiim bu sermaye unsurlari ve tespit edilen yiiksek kirtlganlik gostergelerinin, iklim
degisikliginin olumsuz etkilerine kargi uyum becerisini artirma ve igletmelerin hassasiyet diizeyini daha direngli hale
gelmesinde birbiriyle baglantili unsurlar olduklart séylenebilir. Bu nedenle, tarim isletmelerinin iklim degisikligiyle
miicadelede basarili olmasi icin fiziksel, finansal, dogal, sosyal ve beseri sermaye unsurlar1 arasinda uyumun 6nemli
oldugu ve tiim sermaye unsurlarmim giiclendirilmesinde biitiinciil bir yaklagimin benimsenmesi dnemli bir rol
oynamaktadir.

Aragstirma bolgesindeki isletmelerde fiziksel sermayenin diisiik olmasi, bu isletmelerde modern teknolojilerin yeteri
kadar kullanilamadigini ve nakit sikintisinin yasandigini gostermektedir. Bu nedenle, &zellikle kiigiik dlgekli finansal
sermayenin yetersiz oldugu isletmelerde, devlet tesvikleri, hibe programlari veya diisiik faizli krediler gibi finansal
desteklerle tarim isletmeleri desteklenebilir. Siirdiiriilebilir tarim uygulamalari, su ydnetimi sistemleri, toprak
iyilestirme ve erozyon kontrol yontemleri, erken uyari sistemleri, isletmelerde biyogesitliligin korunmasi ve artiritlmasi
gibi fiziksel ve dogal sermaye yatirimlar1 ve bunlara yonelik desteklemeler ile iklim degisikliginin kirsal hanehalkinin
gecim kaynaklarina olumsuz etkileri azaltabilir. Ozellikle kiigiik 6lgekli isletmelerde iiretim teknolojilerini gelistirecek
finansal destekler 6nem arz etmektedir. Diger sermaye unsurlarinin gelistirilmesine yonelik gelistirilen tiim stratejilerin
ve politika uygulamalarmin ise beseri sermaye ile desteklenmesi dnemlidir. Yetkin ve bilingli beseri sermayeye sahip
tarim isletmelerinin, siirdiiriilebilir tarim uygulamalarini benimseme ve uygulama konusunda daha istekli olmasina,
yenilik¢i ¢ozlimlerin gelistirilmesine ve tarim sektoriinde siirdiiriilebilirlik adimlarinin daha etkin bir sekilde
uygulanmasina yardimei olacaktir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Assessment of Crop Water Stress Index (CWSI) of Sorghum Irrigated by Surface and
Subsurface Drip Irrigation Methods under Mediterranean Conditions

Akdeniz Kosullarinda Yiizeyiistii ve Yiizeyalt1 Damla Sulama Y6ntemleriyle Sulanan
Sorgumun Bitki Su Stresi Indeksinin Degerlendirilmesi

Begiim POLAT", Koksal AYDINSAKIR?, Dursun BUYUKTAS?
Abstract

In recent years, subsurface drip irrigation has become increasingly important in view of the increasing drought. As
it is a newly developed method, the effects of subsurface drip irrigation (SSDI) and surface drip irrigation (SDI)
need to be compared in terms of plant growth and yield parameters as well as water savings. The CWSI is an
important index that indicates the water status in the plant and is closely related to yield and plant development
parameters. The aim of the study is to compare the CWSI calculated with the SDI and SSDI methods in sorghum.
The relationship between CWSI and physiological parameters (leaf number (LN), leaf area index (LAI),
chlorophyll content (CC)), as well as bioethanol and juice yield are also evaluated in the study. The study was
designed in a randomized complete block design to include two drip irrigation methods (SDI and SSDI) and five
different irrigation treatments (o, L»s, Iso, I75, and I00) in three replications in Antalya in 2017. The full irrigation
treatment was applied when 40% of the available soil water capacity in the soil profile of 0-90 cm was depleted,
while the deficit irrigation treatments were applied at 75%, 50% and 25% of the full irrigation treatment.
Consequently, the upper limit value was calculated as 5.5°C and the lower limit equation was determined as
Te-Ta=-1.96*VPD-0.08 under Mediterranean conditions for the sorghum plant. Compared to the SDI treatments,
lower CWSI values were calculated for the SSDI treatments. Additionally, it was determined that as the CWSI
increased in sorghum, leaf number, leaf area index, and chlorophyll content values decreased and as a result, juice
and bioethanol yield decreased. It was determined that there was a high level of exponential relationship and a
strong negative correlation between CWSI-irrigation, CWSI-ET, CWSI-leaf number, CWSI-LAI, CWSI-CC,
CWSI-Juice yield, CWSI-bioethanol yield, and CWSI-IWP for both irrigation methods in sorghum. Considering
the lower CWSI and higher bioethanol yield, it was concluded that the SSDI method is more suitable for sorghum.

Keywords: Bioethanol yield, Juice yield, Leaf number, Leaf area index, Chlorophyll content
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Oz

Son yillarda artan kurakligmn olumsuz etkilerinden dolay1, yilizey alti damla sulama yontemi 6nem kazanmuistr.
Yeni gelistirilen bir yontem oldugu i¢in yiizey alt1 ve ylizey iistii damla sulama yontemlerinin etkisinin hem bitki
gelisimi ve verim parametreleri hem de su tasarrufu agisindan karsilagtirilmas: gerekmektedir. Bitki su stresi
indeksi (CWSI), bitkideki su durumunu gosteren 6nemli bir indeks olup, verim ve bitki gelisim parametreleri ile
yakindan iliskili oldugu belirlenmistir. Sorgumun biyoetanol iiretim amaci ile yetistirildigi diigiiniildiigiinde, su
kaynaklarmi verimli kullanan ve su kullanim etkinligini arttiran bir sulama yontemi iiretiminin siirdiiriilebilir
olmasini saglayacak en 6nemli uygulama olarak goriilmektedir. Bu ¢alismanin amaci, sorgumda yiizey (SDI) ve
ylizeyalti (SSDI) damla sulama yontemlerinde hesaplanan bitki su stres indeksinin (CWSI) karsilastiriimasidir.
Calismada CWSI ile bazi fizyolojik parametreler (yaprak sayisi, yaprak alani indeksi, klorofil igerigi) ve
biyoetanol, 6zsu verimi arasindaki iliskiler degerlendirilmistir. Calisma, Antalya bolgesinde 2017 yilinda tesadiif
bloklarinda boliinmiis parseller deneme desenine gore {i¢ yinelemeli olarak yiiriitiilmiistiir. Deneme konulart,
kullanilabilir su tutma kapasitesinin farkli oranlar1 olacak sekilde bes farkli (%100, %75, %50, %25 ve %0) su
uygulama diizeyi yiizey (SDI) ve yiizeyaltt (SSDI) damla sulama yontemlerinde olusturularak belirlenmistir.
Sonug¢ olarak sorgum bitkisi i¢in Akdeniz kosullarinda st smir degeri 5.5°C, alt sinir denklemi ise
Te-Ta = -1.96*VPD-0.08 olarak hesaplanmistir. Deneme siiresince, SDI yontemi ile karsilastirildiginda SSDI
yonteminde hesaplanan CWSI degerlerinin daha diisiik oldugu gozlemlendi. Ayrica sorgumda CWSI arttik¢a
yaprak sayisi, yaprak alan indeksi ve klorofil icerigi degerlerinin azaldig1 ve bunun sonucunda 6zsu ve biyoetanol
veriminin azaldig1 saptanmigtir. Bu ¢aligmada, sorgumda sulama suyu seviyesi (I)-CWSI, bitki su tiiketimi (ET)-
CWSI, bitkinin fizyolojik dzellikleri (yaprak sayisi, yaprak alan indeksi, klorofil igerigi)-CWSI arasinda, 6zsu
verimi-CWSI, biyoethanol verimi-CWSI arasinda yiiksek diizeyde istel iliski ve negatif korelasyon oldugu
belirlenmistir. Diisiik CWSI ve yiiksek biyoetanol verimi dikkate alindiginda, sorgum bitkisi i¢in SSDI yonteminin
daha uygun oldugu sonucuna varilmgtir.

Anahtar Kelimeler: Biyoetanol verimi, Ozsu verimi, Yaprak sayis1, Yaprak alan indeksi, Klorifil igerigi
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1. Introduction

In recent years, the use of bioethanol among renewable energy sources has increased (Azadi et al., 2012; Sarkar
et al., 2012; Aksoy et al., 2023). In 2030, it is estimated that bioethanol production will increase by 132 billion
liters under current conditions in the world (OECD-FAO, 2021). The most important feature of bioethanol is that
plants reuse the CO; released during its use and consumption and thus do not cause global warming (Kadam et al.,
2002; Lal, 2008). Irrigation is the most important input limiting the environmental sustainability of bioethanol.
Energy crops to be grown for this purpose will increase the pressure on water resources during cultivation, as they
will constitute a separate area in the agricultural sector that continues to feed people in agriculture. Sorghum is
considered the energy plant of the future (Reddy et al., 2005; Almodares et al., 2007; Davila-Gomez et al., 2011;
Zegada-Lizarazu and Monti, 2012; Mullet et al., 2014) because it has been determined in many studies that it is a
more drought-resistant plant than wheat, corn, and sugar cane used for bioethanol production. Additionally,
compared to these plants, the cultivation time is shorter and the production cost is lower (Lueschen et al., 1991;
Hunter, 1994; Assefa et al., 2010; Davila-Gomez et al., 2011; Fracassoa et al., 2016). As irrigation water is limited,
especially in arid and semi-arid countries, sorghum's drought-tolerant characteristics make its bioethanol
cultivation sustainable.

Although sorghum has been identified as a drought-tolerant plant, its response to water stress is unclear in the
literature. In studies of deficit irrigation in sorghum, it has been found in some studies that up to a certain level of
water deficiency there is no change in yield (Smith and Buxton, 1993; Howell et al., 2007; Miller and Ottman,
2012; Xie and Su, 2012; Campi et al., 2014) while in other studies there is a reduction in yield due to water stress
(Sakellariou—Makrantonaki et al., 2006; Sakellariou-Makrantonaki et al., 2007; Dercas and Liakatas, 2007,
Mygdakos et al., 2009; Mastrorilli et al., 2011; Vasilakoglou et al., 2011; Klocke et al., 2012; Wani, 2012; Tolk et
al., 2013; Jahansouz et al., 2014; Jabereldar et al., 2017; Bell et al., 2018; Polat, 2022). In addition, although
bioethanol yield is evaluated in some of the studies (Smith and Buxton, 1993; Sakellariou-Makrantonaki et al.,
2007; Vasilakoglou et al., 2011; Miller and Ottman, 2012), there are more studies in which biomass yield is
evaluated. More studies are needed to examine the effect of water stress on bioethanol yield in sorghum varieties
grown for bioethanol production.

Accurately monitoring the water status of the plant and understanding the plant's response to water stress is
very important for optimizing irrigation systems and saving water (Yazar et al., 1999; Gu et al., 2021). The water
status of plants can be measured by methods based on plants, soil, and climate indicators, or a combination of these
(Jones, 2014; Alves and Pereira, 2000). Direct measurement of the plant's water status is a more useful method
because it can directly determine the plant's response to stress, and more accurate information can be obtained
since plants can respond to both soil and climatic factors. (Jones, 1990; Khorsandi et al., 2018; Simbeye et al.,
2023). Methods such as stomatal conductance, photosynthetic rate, leaf water potential, and stem water potential
are commonly used to determine plant water status. However, these methods take a long time and require high
labor. Additionally, leaf water potential and stem water potential measurements may cause damage to plants
(Ballester, 2013; Khorsandi et al., 2018; Gu et al., 2021). For this reason, water status should be measured with a
method that does not harm the plant, is not laborious, and is continuous.

Canopy temperature (T.), measured via infrared thermometers or thermal cameras, is an ideal physiological
indicator for monitoring plant water status (Moller et al., 2006; Ballester et al., 2013; Kullberg et al., 2017). With
this method, the plant's water stress can be monitored for a long time without damaging the plant (Jones, 2004;
Leinonen and Jones, 2004; Gu et al., 2021). When there is a water deficiency in the root zone of plants, the water
potential gradient in the stem decreases. This change reduces stomatal conductance in leaves, causing a decrease
in transpiration and consequently an increase in leaf temperature (Hsiao, 1973; Idso, 1982; Jones, 1999; Leinonen
and Jones, 2004; Jones, 2004). Therefore, infrared radiation emitted by the canopy can be used as an indicator of
plant water stress (Idso et al., 1981; Jackson, 1982; Jones, 1999; Alves and Pereira, 2000; Irmak et al., 2000;
Payero et al., 2005; Payero and Irmak, 2006; O’Shaughnessy et al., 2011; Taghvaeian et al., 2012; Ballester, 2013;
Bozkurt Colak et al., 2015). However, canopy temperature is not only affected by water deficiency in the soil, but
can also vary depending on meteorological conditions such as air temperature and wind, and morphological
characteristics of the plant such as leaf shape and size (Maes et al., 2012). Therefore, canopy temperature needs to
be standardized so that it can be used as an indicator of water stress (Gu et al., 2021). Idso et al. (1981) and Jackson
et al. (1981) proposed the CWSI and developed empirical and theoretical models to calculate it.
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Among CWSI calculation methods, the empirical model has gained importance because it can be calculated
using fewer parameters and is more practical. Empirical method has been used to determine water status and
schedule irrigation in many plants and consistent results have been obtained O’Shaughnessy et al. (2012) in
sorghum, Veysi et al. (2017) in sugarcane, Yuan et al. (2004) in wheat, Payero and Irmak (2006) in corn and
soybean, Taghvaeian et al. (2012) in corn. The basic graph on which the non-water stress baseline (NWSB) (lower
limit) and non-transpiring baseline (upper limit) are constructed is the key to forming an empirical CWSI model
(Idso, 1982). Defining the NWSB is the most important and distinctive stage in constructing the basic graph
(Gardner et al., 1992). Studies in the literature have determined that NWSB varies in growth stages and may vary
depending on the plant and climate (Idso, 1982; Taghvaeian et al., 2014; De Jonge et al., 2015). However, once
reliable NWSB was determined, it was determined that CWSI could be accurately predicted in similar climatic
conditions and the same plant, moreover, in the same growth periods (Gu et al., 2021). In many studies conducted
under different plant and climate conditions, it has been determined that CWSI is strongly associated with plant
physiological characteristics such as leaf water potential, stomatal conductance, and photosynthesis (Xu et al.,
2016; Erdem et al., 2010; Sezen et al., 2014; Lena et al., 2020; King et al., 2020; Gonzalez-Dugo et al., 2020; Gu
et al., 2021) and with yield (Yazar et al., 1999; Irmak et al., 2000; Wanjura et al., 2000). However, in sorghum, it
is not yet clear whether CWSI can predict physiological and yield parameters in the plant or the relationships
between them. In sorghum, there are very few studies on the possibilities of using CWSI in irrigation programming
and its relationship with plant physical parameters. O’Shaughnessy et al. (2012) theoretically calculated the CWSI
values in grain sorghum irrigated with the furrow irrigation method and reported that irrigation in sorghum could
be programmed with the CWSI time threshold (CWSI-TT) method. They evaluated the yield as dry grain yield-
biomass yield. Olufayo et al. (1996) calculated CWSI values (empirical method) in grain sorghum irrigated with
the sprinkler irrigation method. They explained that grain yield can be estimated from average CWSI values.
Wanjura et al. (1990) calculated CWSI values in grain sorghum irrigated with furrow irrigation with a theoretical
method and determined a linear relationship between mean CWSI and grain yield. Ajayi and Olufayo (2004)
explained that grain sorghum yield and ET values can be estimated from canopy temperature data and this can be
used in optimum irrigation strategies on a local scale. Karatayli (2021) calculated CWSI values in grain sorghum
according to the experimental method. The author determined a linear inverse relationship between the hay yield
obtained from different irrigation levels and CWSI and concluded that the CWSI value could be used in irrigation
scheduling. Keten (2020) obtained the lower limit and upper limit equations using the experimental method for
silage sorghum irrigated with the drip irrigation method.

When the studies on sorghum are examined, it is seen that the studies examining the CWSI change in drip
irrigation method are quite limited. While it has been determined that drip irrigation in sorghum both increases
yield and saves water, studies comparing surface and subsurface drip irrigation methods have reported that more
yields are achieved in SSDI and that this method increases water saving (Sakellariou-Makrantonaki et al., 2006;
Sakellariou-Makrantonaki et al., 2007; Mygdakos et al., 2009; Aydinsakir et al., 2021). However, there is no study
comparing CWSI obtained from SDI and SSDI methods. In addition, in these studies, the relationship between
CWSI and biomass and hay yield values were examined. More studies are needed to examine the relationship
between bioethanol yield and CWSIL.

The aim of this study is, 1- to calculate the lower and upper limit equations for sorghum under Antalya
conditions, 2- to assess mean CWSI values calculated by using experimental methods in SDI and SSDI drip
irrigation methods for sorghum, 3- to use a non-linear exponential relationship to describe the relationships
between CWSI and irrigation, evapotranspiration (ET), physical characteristics of the plant (leaf number, leaf area
index, chlorophyll content), bioethanol and juice yield and irrigation water productivity (IWP).

2. Materials and Methods
2.1. Research area, soil, irrigation water and meteorological parameters

This research was conducted at the Bat1 Akdeniz Agricultural Research Institute (BATEM), Antalya, between July
and September 2017. The physical and chemical properties of the soil are shown in 7Table 1. Na, K, Ca, Mg, HCOs,
SOs4, pH, and EC,, values of the irrigation water used in the study were determined as 0.49, 4.23, 1.85, 5.03, 0.53, 1.06
me L', 7.3, and 0.56 dS m!, respectively. The Monthly average values of meteorological data and long-term
measurements in Antalya during the experimental period are given in Table 2. During the research, all meteorological
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data belonging to the experimental area were taken from the 07.01 coded meteorological station of the Agricultural
Monitoring and Information System (TARBIL), which is located at longitudes 36.9411°N, 30.891°E, 250 m away
from the experiment side. Detailed information about fertilizer applications and crop protection measures in the

research area is also given in Aydinsakir et al. (2021).

Table 1. Physical and chemical characteristics of the soil

. Permanent
Depth  Sand  Clay  Silt ;. o~ CaCO:  ECw C:;:lcdity Wilting D]es:::i(ty
(em) (%) (%) (%) (%) @S m? e g Point (e omy
’ (%, gg™"
030  29.18 212 496 Loam 24.0 0.63 750  24.04 12.78 1.35
3060 3265 173 501  Loam 29.7 044 770  23.52 12.81 130
6090 3659 153 482  Loam 30.1 038 780  21.67 11.30 1.32

Table 2. Monthly mean climatic data throughout the growing season of the sorghum at the experimental
site for the long-term and the experimental year.

Temperature Rainfall Evaporation Wind Relative humidity

Years Months ©C) (mm) (mm) (m ) %)
May 20.4 30.0 143.2 2.0 66.2

June 25.5 7.6 177.5 1.9 55.2

July 28.3 34 195.5 1.9 543

1954-2016  Aug. 28.2 1.8 172.4 1.7 56.7
Sep. 244 123 134.4 1.8 58.8

Oct. 20.0 80.1 150.6 2.0 61.0

May 21.3 59.6 108.2 1.9 67.7

June 26.3 - 125.6 1.8 63.1

July 30.5 - 161.1 1.9 574

2017 Aug. 29.0 - 155.2 1.9 64.4
Sep. 26.9 - 137.3 1.8 62.8

Oct. 222 12.6 111.5 1.7 532

2.2. Plant material, planting, irrigation systems and statistical design

The plant material used was the Sorghum variety (Sorghum bicolor L.), which is widespread under 5 Mediterranean
conditions. The sorghum seeds were planted in May 2017 with a row spacing of 45 cm and a row depth of 3-5 cm. As a result
of the infiltration tests in the field, the average infiltration rate of 12 mm h was determined. Accordingly, the distance
between the drippers in the rows was 45 cm and the flow rate was determined to be 2.1 L h'l. For SSDI irrigation, laterals
were placed at a depth of 45 cm below the soil surface.

Table 3. Irrigation methods and treatments used in the study

Irrigation methods Irrigation treatments
SDI»s

SDIs0

SDI7s

SDI100
SSDI»s
SSDIso
SSDI7s
SSDIi00
Rainfed lo

Surface drip irrigation (SDI)

Irrigated

Subsurface drip irrigation (SSDI)

The study was designed in randomized complete block design to include two irrigation methods (SDI and SSDI)
and five different irrigation treatments (Io, I»s, Iso, I75, and Tioo) in three replications. The full irrigation treatment was
performed when 40% of the available water capacity in the 0-90 cm soil profile was depleted. In comparison, the deficit
irrigation treatments were applied at 75%, 50%, and 25% of the full irrigation treatment. Irrigation methods and
treatments are shown in 7able 3. Details regarding the experimental design of the study can be found in Aydinsakir et
al. (2021) article.
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2.3. Measurements

The method used to calculate evapotranspiration (ET), leaf number (LN), leaf area index (LAI), chlorophyll
content (CC), bioethanol, juice yield, and irrigation water productivity (IWP) values is explained in detail in
Aydinsakir et al., (2021). The statistical method used is also detailed in this article. Therefore, information on
measuring the parameters required to determine CWSI is given here.

CWSI was calculated according to Idso et al. (1981) by using measured crop canopy temperature (T¢) — air

temperature (T,) and vapor pressure deficit (VPD). Empirical CWSI was calculated using Equation 1.
TC_T(l m— TC_Ta

CWsI = Fesnteau (Eq. 1)

Where (T-Ta)m is the measured difference between crop canopy temperature and air temperature, (T. - Ta)n is
the lower limit representing the temperature difference for a fully irrigated crop, and (T - Ta)u is the upper limit
representing the temperature difference between the crop canopy and ambient air when the plants are severely
stressed. Canopy temperatures were measured with an infrared thermometer (Spectrum Technologies Inc., Aurora,
IL 60504, USA) held in a 90° angle to the soil surface between 12:00 and 15:00 hours, from four directions in each
plot. The average of canopy temperatures measured every hour between 12:00 and 15:00 was used to calculate
CWSI. To obtain the lower bound, canopy temperatures were measured hourly between 07:00 and 19:00 on
August 20, 2017 and September 6, 2017 at full irrigation (Ii00) in both methods, and their averages were used in
the base graph. To increase water stress, three replicate plants were randomly selected from the rainfed treatment
(Io), and one day before the measurement, these plants were separated from their roots and tied with a stick
(Sammis, 1988). Canopy temperatures were measured hourly between 12:00 and 15:00 and these values were used
to establish a lower limit line. Measurements were taken on August 26 and 27 and on September 6, 7, and 11,2017
to determine the lower limit.

Vapor pressure deficit (VPD) was calculated using the following equations depending on air temperature and
RH values (Allen et al., 1998):

17.27T
es = 0.6108 X exp [ =" | (Eq. 2)
RH
ea = e, % (o) (Eq. 3)
VPD = e, — e, (Eq. 4)

Where, es is the saturation vapor pressure (kPa), T is the mean air temperature (°C), RH is the relative humidity
of the air (%), and, VPD is the vapor pressure deficit (kPa). T and RH values were taken from the meteorological
station.

To calculate the CWSI values obtained in this study, the average of canopy temperatures measured every hour
between 12:00 and 15:00 was used. Canopy temperatures were measured on July 16, 17, 19, and on August 15,
20, 22, 26, and September 4,6, 7, 11 in 2017.

3. Results and Discussion
3.1. Soil water storage

Soil water storage values during the 2017 growing periods for each treatment (SDI and SSDI) are given in Figure

Different irrigation water applications were started on June 10, 2017, and a total of 18 and 16 irrigations were
conducted on the SDI and SSDI respectively, depending on soil moisture. With the exception of the rainfall treatment
(Io), soil moisture storage was between the field capacity and wilting point for all treatments in both SDI and SSDI
methods. Soil moisture storage decreased below the wilting point from the 60th day after sowing in rainfed treatment
(10). With both irrigation methods, it can be is seen that soil water storage increases with decreasing water deficit (SDI-
SSDI). Soil moisture storage flucted near the wilting point throughout the growing season in the SDI»s and SSDI,s
treatments. While soil moisture storage decreased from the 70" day after sowing to the end of the growing period in
SDIys, it showed a decreasing change before irrigation and a decrease after irrigation in SSDIbs. The reason for this is
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probably that the plant benefits more from the irrigation water supplied to the plant in the SDI method and some of the
irrigation water applied in the SDI method evaporates from the soil surface. On the other hand, the SDIs treatment
showed a change in soil moisture storage compared to the SSDIsy treatment, which was closer to Iy throughout the
growing season. Soil moisture storage changed closer to 50% of available water, especially after the irrigation days in
the SSDIs treatment. On the other hand, soil moisture storage decreased below 50% of available water, especially
before the irrigation days in SDI7s, while the soil moisture storage was generally above 50% of available water
throughout the growing season. In addition, soil moisture storage changed between field capacity and 50% of available
water in SDIjo0 and SSDIoo treatments throughout the growing period, but while the soil moisture storage did not

decrease and showed a more stable change in SSDI ;oo treatment, it decreased to 50% available water before irrigation
in SDIloo.

S ——SSDI100 ——SSDI75 —— SSDIS0 —— SSDI25 ——SSDI0 o =—SDI100 —— SDI75 —— SDI50 —— SDI25 ——SDI0
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Figure 1. Soil water storage (mm) in 0-90 cm depth in the experiment (a: Subsurface drip irrigation, SSDI; b:
Surface drip irrigation, SDI)

3.1. Upper and lower limit baselines
As explained in the material method section, T, values were measured between 07:00 and 19:00 from 100 for the
lower limit, and between 12:00 and 15:00 from the 10 for the upper limit. Tc-T, values are plotted against VPD and

when deriving the regression equation, it is assumed that the plant is not exposed to any environmental stress other
than water stress Idso et al. (1981). The basic graph is given in Figure 2.

8 o " Upper baseline
- . . .
6 LAWY i 5 2 i
v T v .
. .
4 :. . «
L: 2
e ° .
& 2 i S
2 e
4 >,
. | Te-Ta=-1.9608VPD - 0.0808 - Lower baseline
R:=0.4375 i a e
8 . 3
-10
0.0 0.5 1.0 1.5 20 25 3.0 35 4.0 4.5 5.0
VPD (kPa)

Figure 2. Relationships between canopy temperature and air temperature (T-Ta) and vapor pressure deficit
(VPD) of sorghum at Antalya

When examining the graph, it becomes clear that the VPD range for the lower limit is between 1.0 and 4.5.
Gardner and Shock (1989) suggested that the VPD range should be between 1 and 6, for better use in other studies.
In our study, measurements were taken in a wider VPD than in other studies, even though it was not between 1
and 6. As can be seen in Figure 2, the lower baseline changes as a function of VPD, while the upper baselines does
not depend on VPD. The resulting lower baseline (No Water Stress Baseline: NWSB) was defined by the linear
equation T-T, =-1.96 VPD-0.08 (R*=0.44). Significant differences were found between the baselines we
developed for sorghum and the previously developed baselines. Olufayo et al. (1996) found this baseline for grain
sorghum as T.-T;=-2.51VPD+3.76 in France, while Keten (2020) determined the lower limit baseline for silage
sorghum as Tc-Ty=-1.44VPD+0.4095 in 2018 and T.-T.=-1.51VPD-1.18 in 2019 in Kahramanmarag, Karatayli et
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al. (2021) determined the lower baseline equation of sweet sorghum plant as T - Ta=-1.7763 VPD + 3.3395 under
Adana conditions. The slope and intercept of a linear relationship in these studies and our study are different. Many
researchers have emphasized that slope and intercept may vary according to plant type and different climatic
conditions (Idso, 1982; Taghvaeian, 2014; De Jonge et al., 2015). When we compare Karatayli et al. (2021) and
Keten (2020), we think that this difference is due to the plant variety. It is known that sweet sorghum, grain

sorghum, and silage sorghum show different morphological and biochemical responses to water stress (Massacci
et al., 1996; Zegada-Lizarazu and Monti, 2012). Slope and intercept values may vary depending on the plant
species or even different genotypes of the same plant (Gu et al., 2021; Godson-Amamoo et al., 2022). For example,
Candogan et al. (2013) suggested that the reason for the difference between the slopes and intervals obtained by
Nielsen (1990) in soya plants is due to the plant variety and climate conditions. This difference may also be due
to the difference in leaf areas between varieties. Kanbar et al. (2020) explained that under the same conditions,
there is a difference between the leaf areas (green) obtained from sweet, grain, and forage sorghum genotypes.
Since leaf size affects leaf temperature (Smith, 1978), it may have caused the lower limit values obtained from
different genotypes to differ. Moreover, the lower limit is also differentiated by the fact that the study was not
carried out under similar climatic conditions, irrigation practices, and soil types (Erdem et al., 2012). On the other
hand, Olufayo et al. (1996) obtained grain yield in his study. When sorghum is grown for bioethanol, it is harvested
immediately after the flowering period, while it is harvested after grain filling for grain yield. Taking
measurements during different growth periods may change the NWSB. Although there have been previous studies
in which the same NWSB was used successfully in different plants in different growing seasons and did not change
according to the growth period (Grimes and Williams, 1990; Candogan et al., 2013; Bellvert et al., 2014; De Jonge
et al., 2015; Bozkurt Colak and Yazar, 2017; Zhang et al., 2023), there are also studies in which it was determined
that NWSB varies considerably according to the growth periods and cannot be used (Nielsen et al., 1994; Orta et
al., 2003; Cui et al., 2005; Gontia and Tiwari., 2008; Taghvacian et al., 2014; Veysi et al., 2017; Alghory and
Yazar, 2019; Khorsand et al., 2019; Ru et al., 2020; Gu et al., 2021). When these studies are examined, it is a
remarkable result that this change occurs mostly in corn plants according to growth periods. For example,
Khorsand et al. (2019) determined that the slopes and intercept of the lower limit values obtained in different
growth periods of the corn are different. Gu et al. (2021) reported that the slope and intercept values of the lower
line change severely as the growth period changes in both corn varieties. Taghvaeian et al. (2013) and De Jonge
et al. (2015) obtained different slope values in the same country and city. Although there is no study comparing
growth periods in sorghum, we think that similar findings can be obtained with corn plants. Since the sorghum
plant is harvested in different growing periods depending on the yield to be calculated, it should be specifically
stated in which period the measurements were taken when establishing the lower limit. Since the lower limit values
in our study were taken towards the end of the flowering period and the leaf morphology differs during the growth
periods of sorghum, we thought that T, values might also be different.

When we compare the upper limit, Olufayo et al. (1996) calculated it as 0.5-4.5, Keten (2020) calculated it as
0.34-1.13, and Karatayli (2021) calculated it as 3.48. When these studies are examined, it is seen that our upper
limit (5.5) is closer to the value found by Olufayo et al. (1996). Since the upper limit line does not depend on the
VPD, plant type is more important than the same climate and region. Since the upper limit value was determined
in the generative period in this study, this difference may also be due to the difference in the growth period. For
instance, Khorsand et al. (2019) determined the upper limit value for corn as 4.69 in vegetative phase-floral
initiation, 2.83 in flowering-pollination, and 10.01 in seed seating-seed filling.

For sorghum, in particular studies are required in which both the lower and upper limits are determined and
compared separately in different growing seasons as, otherwise the accuracy of the use of the base graphs
determined decreases. Idso (1982) stated that taking canopy development into account when developing baselines
helps to reduce errors associated with the natural spatial variability of field crops. Furthermore, the use of the graph
is limited when the climate changes, even in the same region (Jackson et al., 1981; Jackson, 1982; Payero et al.,
2005; De Jonge et al., 2015). Taking measurements under the same climatic conditions, on the same plant species,
and during the same growing seasons increases the accuracy of the graph. In addition, the high measurement
frequency also has an effect. Payero and Irmak (2006) compared the lower and upper limit lines of corn and
soybean by calculating them every 10 minutes. They explained that the baselines varied throughout day and from
day to day, and observed a daily variation of about 5 degrees.

1137



Polat & Aydinsakir & Biiyiiktag
Assessment of Crop Water Stress Index of Sorghum Irrigated by Surface and Subsurface Drip Irrigation Methods under Mediterranean Conditions

3.2. Relationships between mean CWSI and crop growth and yield parameters

The effects of the interaction between the drip irrigation methods and irrigation levels on sorghum parameters are
shown in Table 4. The relationships among between mean bioethanol yield, juice yield, leaf number, LAI, CC,
irrigation, ET, IWP, and mean CWSI for different irrigation treatments in SDI and SSDI methods are given in Figure
3. The correlation coefficients indicating the direction and strength of the relationship between bioethanol yield, juice
yield, leaf number, LAI, CC, irrigation, ET, IWP, and mean CWSI are given in Table 5. Since this article aims to
compare the CWSI values obtained by different methods, we have not discussed the effect of the interaction of
irrigation methods and irrigation levels on physiological parameters and yield parameters. More detailed information
can be found available in Aydinsakir et al. (2021).

Table 4. Irrigation, evapotranspiration, leaf number, leaf area index, chlorophyll content, juice yield
bioethanol yield, hay yield, irrigation water productivity, and crop water stress index in the experiment

I ET LAI Jl-uce Bloe.thanol I-Iay IWP Seasonal
Treatments LN 2 CC yield yield yield = average
(mm)  (mm) (m* m™) -1 -1 ay  (kgm™)
(L ha™) (L ha™) (tha™) CWSI
SDIoo 468.2 553.6 11.0 140b  47.0 44890a 1799 ab 20.52b 2.7 0.32
SDI7s 346.6  495.8 10.7 11.0e 38.1 37260b 1603 be 15.07 c 2.1 0.34
SDIso 252.0 4122 10.7 106f 267 26260c 1447 ¢ 13.37 cd 23 0.40
SDIas 140.0 3129 9.7 9.8h 142 24793d 1412 ¢ 9.15f 1.2 0.49
Io 30.5  206.0 9.3 9.01 5.8 15963e 90.3d 7.44 £ - 0.58
SSDI10o 429.0 526.4 11.0 150a 514 51322a 2085a 23.67a 3.1 0.27
SSDI7s 3352 450.1 11.0 119b 333 50462 a 2045 a 21.07 ab 33 0.29
SSDIso 2325  361.4 10.7 11.2d 202 40903b 1684 be 15.96 ¢ 2.5 0.35
SSDLs 130.2 278.4 10.3 99¢g 11.5 255740 1569 be 12.11 de 1.6 0.41
NS sk NS * k * -

SDI: Surface drip irrigation, SSDI: Subsurface drip irrigation, I: Irrigation water applied, ET: Evapotranspiration, IWP: Irrigation water
productivity, LN: Leaf number (number plant ') LAI: Leaf area index, CC: Chlorophyll content.
* ** and N.S., Significant at the p <0.05, p <0.01 level and not significant, respectively.

The means indicated with the same small letter in the same column are not significantly different (p < 0.05).
Table 5. Correlation coefficients indicating the direction and power of the relationship between irrigation-

CWSI, ET-CWS], leaf number-CWSI, LAI-CWSI1, CC-CWSI, Juice yield-CWSI, bioethanol yield-CWSI,
IWP-CWSI of sorghum depending on the amount of irrigation water

Parameters Irrigation methods Correlation coefficients (r)
CWSI-Irrigation SIS)]I)I :832(5)
CWSIET S 0956
CWSI-Leaf number :1531131 :8:35
CWSI-LAI :]s)]I)I 82?2
CWSI-CC 215311)1 :8:22;
CWSI-Juice yield :SD]I)I :8:33?1
CWSI-Bioethanol yield :]SDII)I :g:g;z
CWSIIWP o1 Jryss

(CWSI: Crop water stress index, ET: Evapotranspiration, LAI: Leaf area index, CC: Chlorophyll content, IWP: Irrigation water productivity,
SDI: Surface drip irrigation, SSDI: Subsurface drip irrigation)
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Figure 3. Relationships between CWSI and irrigation, CWSI and ET, CWSI and Leaf number, CWSI and LAI,
CWSI and CC, CWSI and Juice yield, CWSI and bioethanol yield, CWSI and IWP (CWSI: Crop water stress
index, ET: Evapotranspiration, LAI: Leaf area index, CC: Chlorophyll content, IWP: Irrigation water

productivity, SDI: Surface drip irrigation, SSDI: Subsurface drip irrigation)

The seasonal average CWSI in treatments 1100, 175, 150 and 125 is calculated as 0.32, 0.34, 0.40, and 0.49,
respectively, in the SDI method, while it is calculated as 0.27, 0.29, 0.35 and 0.41, respectively in the SSDI method
(Table 4). 1t is a noteworthy that a lower CWSI is calculated for the SSDI method in all treatments with the SSDI
method same amount of irrigation. Although less irrigation water was applied at the same levels in the SSDI method,
we thought that the lower CWSI value was obtained in all treatments as a result of the plant benefiting more from
irrigation water in the root zone in this method. Although there is no statistical difference, the higher IWP values in the
SSDI method with the same irrigation levels support this hypothesis. It can be assumed that, the plant uses the water
more efficiently with the SSDI method and the amount of transpiration is higher than with the SDI method. It can be
assumed that as the amount of transpiration increases, the canopy temperature decreases and, accordingly, CWSI values

decrease.
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There are only a few studies that compare the CWSI values determined using different methods. Similar to our
study, Bozkurt Colak et al. (2015) compared the SSDI and SDI methods in eggplant and found that the SDI method
reduced CWSI values. Similarly, Sezen et al. (2014) reported that the CWSI value calculated by the drip irrigation
method in red pepper (Capsicum annuum L.) was lower than the furrow irrigation method. On the other hand, Bozkurt
Colak et al. (2021) found that they could not detect any difference between the CWSI values determined by these two
methods in the quinoa plant. For sorghum, there is no study in the literature that compares the CWSI values obtained
with these methods. For sorghum production to be sustainable, the most appropriate irrigation method must be
determined. In our study, the lower CWSI values of the SSDI method prove that this method is more advantageous.
However, further studies are needed, especially to compare the CWSI values of the SDI and SSDI methods.

It can be seen that there is no statistical difference between the LN and CC values of the different treatments, but
there is a difference between the LAI values (7able 4). Again, although higher LAI values were obtained with the SSDI
method, lower CWSI values were calculated. The relationship between LAI and CWSI appears to be stronger than the
relationship between LN and CC. Although there are studies in which the SSDI method increases LAI values in
sorghum (Sakellariou et al., 2007) there is a need for studies investigating the relationship with CWSI.

The highest bioethanol yield values were obtained with SSDI;90, SSDI75s and SDIigo and no statistical difference
was found between these treatments. In addition, the CWSI value for these treatments was calculated to be 0.27, 0.29,
and 0.32, respectively. The lower CWSI calculation for SSDI7s than for SDI ¢ indicates that SSDIs is advantageous
to achieve the highest bioethanol yield in sorghum while water savings. Also, Aydinsakir et al. (2021) suggested that
in cases where water resources are limited, SSDI75 can be used to save water. CWSI values obtained in this study
support this result.

When Figure 3 and Table 5 were considered together, it was found that there was a high degree of exponential
relationship and a strong negative correlation between irrigation-CWSI, ET-CWSI, leaf number-CWSI, LAI-CWSI,
CC-CWSI for both irrigation methods in sorghum. In both methods, as the amount of irrigation water applied increases,
the water consumption of the plant also increases and thus the transpiration of the plant. Canopy temperature decreases
and correspondingly CWSI values decrease. Similarly, Yazar et al. (1999) obtained a linear inverse relationship
between applied irrigation (mm) and CWSI in corn. It has been determined that CWSI values increase as water deficit
increases in different plants (Sezen et al., 2014; Bahmani et al., 2017; Bozkurt Colak and Yazar, 2017; Yetik and
Candogan, 2023).

Decreasing ET values reduce transpiration values, which increases causing the canopy temperature and thus the
CWSI value. Our result is consistent with studies from the literature. Olufayo et al. (1996) observed common and
strong relationships between baseline indices canopy surface temperature and relative ET in sorghum under different
weather conditions. Furthermore, the researchers stated that ET can be predicted from crown temperature data obtained
at different time points. Yazar et al. (1999) identified a linear inverse relationship between ET and CWSI in maize.
Braunworth and Mack (1989) found a significant correlation between ET and CWSI (in sweet corn). Yetik and
Candogan (2023) found the relationship between ET and CWSI significant in the sugar beet and calculated the
determination coefficient of the relationship between ETc and CWSI as R? = 0.9902. Moreover, the researchers
explained that regression equations obtained by graphing ET against CWSI can be used to predict ET. Gu et al. (2021)
determined a significant linear correlation between ET and CWSI in corn. In our study, we determined that ET values
can be estimated by using CWSI values and ET = 1381.4e33% CWS[(SDI), ET = 952.37e271CWSI(SSDI) equations. Of
course, more studies are needed to support this finding.

The decrease in the number of leaves is due to a lack of moisture in the soil (Sanchez et al., 2002). The decrease
in soil moisture reduces carbon assimilation, stomatal conductance, and cell turgor, and leads to stomatal closure.
As water stress increases, stomata closure causes leaves to wilt and leaf number to decrease (Prasad et al., 2021).
Consequently, when the stomata close, the canopy temperature increases and the CWSI value of the plant increases.
In sorghum, the decrease in soil moisture content has been found to reduce the number of leaves (Rostampour,
2013; Mahinda, 2014). In this study, the decrease in the number of leaves was found to increase the CWSI.

In both irrigation methods, LAI decreased when CWSI values increased. Decreasing the number of leaves over
soil moisture also decreases LAI. In addition, the transpiration rate of the plant decreased with decreasing irrigation
amount, which led to increased temperatures in the tree canopy and growth losses. While CWSI values increased,
leaf area decreased due to the decrease in growth, and as a result, LAI values also decreased. An inverse
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relationship between CWSI and LAI has been identified in many different plants (Erdem et al., 2010; Sezen et al.,
2014; Alghory and Yazar, 2019; Kirnak et al., 2019; Bozkurt Colak et al., 2021; Gu et al., 2021). Although many
studies have found that LAI values decrease with increasing irrigation water deficit or water stress in sorghum
(Sakellariou-Makrantonaki et al., 2006; Sakellariou-Makrantonaki et al., 2007; Dercas and Liakatas, 2007; Zegada
et al., 2012; Mahinda, 2014) no study investigating the relationship between CWSI and LAI was found.

Water stress reduces CC in sorghum (Xu et al., 2000). In both methods, an increase in CWSI leads to a
significant decrease in CC and thus impairs efficiency. When plants are under stress, chlorophylls decrease during
leaf senescence (Merzlyak et al., 1999). When the plant closes its stomata under stress, transpiration decreases, T.
increases and consequently CWSI increases. CC and CWSI are related to each other, but the correlation test is
designed to strengthen the degree of this relationship. In addition, from the equations obtained in our study (Figure
3), it was determined that CWSI values can be estimated by measuring the CC value.

Juice yield and bioethanol yield are linked. In different sorghum varieties, bioethanol yield has been determined
to be positively correlated with juice yield in various studies (Rono et al., 2018; Suwarti et al., 2018; Giiden et al.,
2021). Therefore, in this study, we evaluated the relationship of both yield parameters with CWSI. It was
determined that there was a high level of exponential relationship (R?=0.917 in SDI, R?>= 0.975 in SSDI) and a
strong negative correlation (r = -0.938 in SDI, r =-0.994 in SSDI) between juice yield and CWSI. In addition, it
was determined that there was a high level of exponential relationship (R?=0.855 in SDI, R?= 0.980 in SSDI) and
a strong negative correlation (r =-0.937 in SDI, r =-0.994 in SSDI) between bioethanol yield and CWSIL

Additionally, by measuring CWSI values, juice yield was determined with the equations y = 12814¢337¢WSl i
the SDI method, y = 15624¢*+042CWSl i the SSDI method, bioethanol yield was determined with the equations y =
362.66e2242CWSI ip the SDI method, y = 449.8¢2738WSI in the SSDI method. These equations can be used to
determine the harvest time in sorghum plants grown for bioethanol purposes. When the bioethanol yield values
are compared and confirmed by field studies with the help of these equations in all grown periods of sorghum, the
harvest time can be decided at a certain threshold value.

It is seen that as CWSI values increase, both juice yield and bioethanol yield decrease. A strong inverse
relationship between CWSI and yield has been determined in different plants (Abdul-Jabbar et al., 1985 for alfalfa;
Braunworth and Mack, 1989 for sweet corn; Candogan et al. 2013 for soybean; Wang et al., 2005 and Alghory and
Yazar, 2019 for wheat; Irmak et al., 2000 and Gu et al., 2021 for corn; Yetik and Candogan, 2023 for sugar beet).
There are studies that a negative linear relationship between grain yield and CWSI in sorghum. Researchers stated
that as CWSI value increases in sorghum, grain yield decreases (Wanjura et al., 1990; Olufayo et al., 1996;
Karatayli, 2021). Wanjura et al. (1990) emphasized that yield can be estimated using CWSI values in grain
sorghum. In our study, we established the relationship between bioethanol yield and CWSI. More studies are
needed to examine the relationship between CWSI and bioethanol yield in varieties grown for bioethanol yield.

Additionally, when Figure 3 and Table 4 are examined together, there is no statistical difference in terms of
bioethanol yield between SDI;o (0.32) and SDI75 (0.34), also between SSDI g (0.27) and SSDI75 (0.29). The
yield started to decrease after Isp (0.40) in the SDI method and after I50 (0.35) in the SSDI method. Here, the
threshold CWSI value can be considered as 0.40 in the SDI method and 0.35 for SSDI. In other words, the yield
decreases after the CWSI 0.40 in the SDI method, while 0.35 in the SSDI method.

It was determined that there was a high level of exponential relationship (R*=0.739 in DI, R*= 0.920 in SDI)
and a strong negative correlation (r = -0.883 in SDI, r =-0.976 in SSDI) between IWP and CWSI. As CWSI
values increased, IWP values decreased. In other words, we can say that the increase in water stress in the plant
reduces the efficiency of the plant per unit of water. As CWSI increased, yield decreased and, as a result, [IWP
values decreased. Since one of the purposes of determining CWSI is to determine the water status in the plant, it
is important to know the relationship between IWP and CWSI. The exponential relation developed between IWP
and CWSI is obtained as IWP= 9.4656e*+%*WS! in SDI, and IWP = 12.89¢+922CWSljpn SSDI.

4. Conclusion

In this study, the upper limit value was calculated as 5.5°C and the lower limit equation was determined as Te-
Ta=-1.96 VPD - 0.08 in Antalya conditions for the sorghum plant. Additionally, we thought that determining the
lower limit values of sorghum in different growth periods could increase the accuracy of using the graph in more
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areas. In sorghum, we recommend that lower limit values be determined and compared in the same growth periods.
In sorghum, we calculated lower CWSI in the subsurface drip irrigation method. More studies are needed to
support our finding, comparing CWSI values obtained from surface and subsurface irrigation methods. It was
determined that there was a high level of exponential relationship and a strong negative correlation between
irrigation-CWSI, ET-CWSI, leaf number-CWSI, LAI-CWSI, CC-CWSI, Juice yield-CWSI, biocthanol yield-
CWSI, IWP-CWSI for both irrigation methods in sorghum. More studies are needed to examine the variation
between bioethanol yield and CWSI in sorghum, especially in varieties grown for bioethanol production.
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Determination of The Prevalence of Honey Bee Diseases and Parasites in Samples from
Sivas Province

Sivas Ili Orneklerinde Bal Aris1 Hastaliklar1 ve Parazitlerin Yaygmliginin Belirlenmesi

Arif BOZDEVECI?, Rahsan AKPINAR? Sengiil ALPAY KARAOGLU*
Abstract

Honey bees, Apis mellifera L. (Hymenoptera: Apidae), are the most important pollinators of agricultural
products and plants in the natural environment. Honeybees are an important ecosystem component due to their
role in nature and agricultural production. Bacterial, fungal, viral, and parasitic factors in bee farms are among
the most important causes of honey bee colony losses. Honey bee diseases (bacterial, fungal and viral) and
parasites are among the most important factors limiting beekeeping development and production efficiency in
Tiirkiye. In addition to diseases caused by bacterial and fungal agents, diseases caused by viral agents are very
diverse. Viruses, especially mixed infections, cause colony losses and are the most important factors in the
decline of honey bee colonies. In this study the presence and prevalence of honey bee pathogens (Varroa
destructor, Nosema ceranae, Paenibacillus larvae, and nine viruses) in suspicious samples with colony losses
were investigated in Sivas province. For this purpose, microscopic, microbiological, and molecular methods
were investigated on larvae and adult bee. The results showed that the most common viral pathogens in samples
from Sivas province were Deformed Wing Virus (70%), Apis mellifera Filamentous Virus (60%), Black Queen
Cell Virus (60%), Sacbrood Virus (55%) and Varroa destructor virus-1 (40%), respectively. In some samples, it
was observed that there was a double (17.5%), triple (30%), quadruple (22.5%), or even quintuple (17.5%)
association of viral agents. The viral infection/varroa coexistence rate was determined to be 50%. It was
determined that 22.5% of the samples examined contained Nosema spores, while 12.5% were positive for P.
larvae. Revealing the distribution of bee diseases will help beekeepers in disease-fighting and taking measures.
This study showed the presence of the AmFV and the Varroa destructor viriis-1 in the Sivas province of Tiirkiye
for the first time.
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Oz

Bal arilari, Apis mellifera L. (Hymenoptera: Apidae), dogal ortamdaki tarim iiriinleri ve bitkilerin en 6nemli
tozlayicilaridir. Bal arilari dogadaki ve tarimsal iretimdeki bu rolleri nedeniyle ekosistemin Onemli bir
bilesenidir. Ar ¢iftliklerinde bakteriyel, fungal, viral ve paraziter faktorler bal arist koloni kayiplarinin en 6énemli
nedenleri arasinda yer almaktadir. Bal arisi hastaliklar1 (bakteriyel, fungal ve viral) ve parazitleri Tiirkiye'de
aricihigim gelismesini ve iiretim verimliligini sinirlayan en 6nemli faktorler arasinda yer almaktadir. Bakteriyel ve
fungal etkenlerin neden oldugu hastaliklarin yani sira viral etkenlerin neden oldugu hastaliklar da oldukca
cesitlidir. Virtsler, ozellikle de karisik enfeksiyonlar koloni kayiplarina neden olur ve bal aris1 kolonilerinin
azalmasindaki en 6nemli faktorlerdir. Bu ¢alismada Sivas ilinde koloni kayiplari olan siipheli 6rneklerde bal aris1
patojenlerinin (Nosema ceranae, Varroa destructor, Paenibacillus larvae ve dokuz viriis) varligi ve yayginlig
aragtirtlmistir. Bu amacla larva ve ergin arilarda mikroskobik, mikrobiyolojik ve molekiiler yontemlerle
aragtirmalar yapilmistir. Sonuglar Sivas ilinden alinan 6rneklerde en sik goriilen viral patojenlerin sirastyla
Deformed Wing Virus (%70), Apis mellifera filamentous virus (%60), Black Queen Cell Virus (%60), Sachbrood
Virus (%55) ve Varroa destructor virus-1 (%40) oldugunu gostermistir. Baz1 drneklerde viral etkenlerin ikili
(%17.5), ugli (%30), dortli (%22.5) ve hatta besli (%17.5) birlikteligi oldugu goriilmiistiir. Viral
enfeksiyon/varroa birlikteligi oran1 %50 olarak belirlenmistir. Incelenen drneklerde Nosema spor varligi %22.5,
P. larvae pozitiflik orani ise %12.5 oldugu belirlenmistir. Ar1 hastaliklar1 dagiliminin ortaya ¢ikarilmasi aricilara
hastaliklarla miicadele ve dnlem alma konusunda yardimci olacaktir. Bu ¢aligma ile Tiirkiye'nin Sivas ilinde ilk
kez AmFV ve Varroa destructor-1 viriisiiniin varligini gosterilmistir.

Anahtar Kelimeler: Apis mellifera L., Bal aris1 patojenleri, Virus, Varroa destructor, Sivas
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1. Introduction

Honey bees, Apis mellifera L. (Hymenoptera: Apidae), are the most important pollinators of agricultural
products and plants in the natural environment. Worker bees, which constitute most of the honey bee population,
produce a wide variety of products with high economic value, such as honey, pollen, propolis, royal jelly, bee
venom, and beeswax. However, parasites and diseases seen in honey bees negatively affect the development and
progress of beekeeping activities. Many pathogens and parasites that affect honey bees also have a worldwide
distribution. These pathogens (bacteria, fungi, and viruses) and parasites can be found alone or in groups
(Steinhauer et al., 2018; Beaurepaire et al., 2020; Nanetti et al., 2021). Nosemosis and varroosis, common and
harmful infectious diseases in honey bee and larvae, play an important role in low honey yield (Salkova and
Gurgulova, 2022). Varroosis is one of the diseases that directly or indirectly causes bee loss in beekeeping.
Varroosis is so common that it has been reported in almost every part of the world today (Doganay and Aydin,
2017). Varroa destructor causes loss of development by sucking hemolymph in the larval and pupal stages of the
honey bee. In addition to causing an average 7% weight loss in the pupa, varroa can act as a biological vector for
many viruses and transmit viral agents horizontally and vertically. Nosemosis is one of the most important and
common diseases of beekeeping, seen in the digestive system of adult honey bees and causing both colony losses
and low honey yield. According to new studies, Nosemosis disease is of fungal origin and is caused by two
species, Nosema apis, and N. ceranae, which belong to the Nosema genus in Microspora (Grupe and Quandt,
2020). Many factors play a role in the spread of nosemosis, such as climatic conditions, inadequate care
conditions, diseases such as amoebiasis, and insufficient nutritional supplements during the winter (Mayack and
Hakanoglu, 2022). American Foulbrood (AFB) disease is a contagious infection that causes severe losses to the
larvae of the honey bee Apis mellifera L. and other Apis species. Paenibacillus larvae, the causative agent of
AFB, is a Gram-positive, dangerous, and contagious bacterium whose spores are highly resistant to adverse
environmental conditions (Pernal and Clay, 2013). The spore form germinates in honey bee larvae and causes
disease. The spore form, which is pathogenic for larvae, does not cause pathogenicity in adult bees. The spore
form is highly resistant to environmental conditions, heat, and chemicals. AFB disease occurs after germinating
spores in the midgut due to hatched larvae consuming food contaminated with bacterial spores, leading to
septicemia (Chioveanu et al., 2004).

One of the problems in beekeeping is symptomatic and asymptomatic infections caused by viral disease. Bee
viruses can be transmitted to bees horizontally, vertically, or via vectors (Beaurepaire et al., 2020). Varroa
destructor is a biological or mechanical vector for many bee viruses and is accepted as an ectoparasite of honey
bees in vector-mediated transmission (Yafiez et al., 2020). It is known that there is a close mutualistic
relationship, especially between the Deformed Wing Virus (DWV) and Varroa mite, and even for a long time,
the clinical symptoms of DWV were mistakenly associated with Varroa destructor (Gebremedhn et al., 2020).
Bee viruses can cause wing deformations, loss of body hair, paralysis, tremors, developmental disorders in larvae,
the short lifespan of bees, or death in different life forms in honey bees. While most viruses known to exist in
honeybees, showing symptomatic or asymptomatic symptoms, carry RNA genetic material, a small portion carry
genetic material in DNA. The research on viral infections in honey bees has focused chiefly on RNA viruses
(Beaurepaire et al., 2020). Acute Bee Paralysis Virus (ABPV), Varroa destructor virus-1 (VDV1), Black Queen
Cell Virus (BQCV), Chronic Bee Paralysis Virus (CBPV), Deformed Wing Virus (DWV), Kashmir Bee Virus
(KBV), Sacbrood Virus (SBV), and Israeli Acute Paralysis Virus (IAPV) are some of the most studied honeybee
RNA viruses (Beaurepaire et al., 2020). Apis mellifera Filamentous Virus (AmFV) is a double-stranded DNA
virus that infects honey bees. AmFV is thought to be the most common and least harmful bee virus (Bailey,
1982).

The study aimed to identify the presence and distribution of parasitic and disease-causing pathogens in
honeycomb, adult bees, and larvae samples taken from suspicious beehives in different districts of Sivas
province. The study determined the distribution of honey bee disease pathogens and parasites and the viral
factor-induced multiple infection rates.

2. Materials and Methods
2.1. Collection of suspicious samples and microscopic diagnosis of parasitic diseases

The study was conducted with suspected samples from Sivas province, where bee enterprises are practiced
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(Figure 1). Suspicious samples were taken from the hives in the bee enterprises. Samples from different hives
(honeycomb and adult bees) were examined for Varroa destructor positivity and Nosema ceranae positivity in adult
bees. V. destructor identification was carried out according to the instructions described in the OIE Terrestrial
Manual (OIE, 2021). Morphological identification of V. destructor was performed by detection with the alcohol
washing method (Oliver, 2020). Both larval and adult bee samples were examined to investigate the presence of
varroosis in the hives. All pupae, larvae, and honeybee samples collected from each hive were examined separately,
and all containers were placed at -20°C overnight, and the surviving bees were allowed to die or dorm. The container
with bees was poured into a petri dish, and 50-500 adult bees were examined under the stereomicroscope for Varroa
spp., presence. The spaces between the abdominal segments and under the wings of all bees were especially checked.
V. destructor samples were first examined morphologically. All positive samples were stored at -20°C (Doganay and
Aydin, 2017; OIE, 2021). The abdomens of 20 bees were separated and crushed in 3 mL of SF (serum physiologic)
to diagnose nosemosis. For direct examination, approximately 3 drops of the resulting suspension were taken and
placed on a microscope slide, a coverslip was applied, and the spores were examined under a light microscope (400X
magnification). Samples found positive for Nosema spores were photographed (Tel et al., 2021).

Sivas ili

Figure 1. Districts where suspicious samples were collected in Sivas province
2.2. Investigation of American Foulbrood disease by culture method

In the diagnosis of AFB, 3-5 honey bee larvae selected from each comb were suspended in 9 ml of PBS
(phosphate-buffered salt solution). Approximately 15 adult bee samples were transferred to a cryotube in 3 ml
PBS and disrupted in a homogenizer (Bead Ruptor Elite, Bead Mill Homogenizer, USA). All prepared solutions
were heated in a water bath at 80°C for 10 minutes to eliminate vegetative bacteria. The basic honeycomb
sample weighing 1.5 grams was dissolved in 10 ml chloroform. Two millilitres of this solution were mixed with
six millilitres of physiological saline. Following this, a direct inoculation of 100 microliters solution was carried
out. For the isolation of Paenibacillus larvae, Brain Heart Infusion agar (BHIA, Thiamine added), Colombia
sheep blood agar (CSA 5% sterile defibrinated sheep blood, Nalidixic acid/Pipedimic acid added) and MYPGP
agar (Mueller-Hinton broth, yeast extract, K;HPOa, glucose, sodium pyruvate, agar and nalidixic acid/pipedimic
acid added) were used. All cultured media were incubated at 37°C in an incubator with 5-7% CO, for 3-5 days.
Petri dishes on which no microorganism growth was observed were incubated under the same conditions for one
week. Gram and nigrosin staining were performed and examined under a light microscope to identify the
observed microorganism colonies. Additionally, catalase testing was performed on bacterial cultures for
diagnosis (OIE, 2018).

1151



Bozdeveci & Akpinar & Karaoglu
Determination of The Prevalence of Honey Bee Diseases and Parasites in Samples from Sivas Province

2.3. Total Nucleic Acid Extraction and One-step RT-PCR Analysis

Adult bees and larvae taken from each hive were homogenized separately. Fifteen larvae samples from the
same hive were transferred to 7 mL cryotubes, and 3 mL of PBS (Sigma, 806544, USA) was added. Larval and
adult bee samples were homogenized in an automatic homogenization device (Bead Mill Homogenizer SKU 19-
042E, OMNI International, USA). After homogenization, the samples were centrifuged at 4000 rpm at 4 °C for
15 min, and the supernatants were collected. The supernatant was used for RNA extraction. RNA extraction was
performed using a commercial kit (High Pure Viral Nucleic Acid Kit, Roche, Germany) according to the
company's protocol.

RNA extracts obtained from larval and adult bee samples were tested separately with One-step RT-PCR for
nine viruses that are thought to cause honey bee diseases. The list of primers used for each disease is given in
Table 1. Reaction mixtures and thermal conditions were applied the same for one-step RT-PCR testing in all
viral diseases. The one-step RT-PCR method specified by Chen et al. (2006) was used for this purpose. A
commercial kit (RT-PCR Kit, QIAGEN, Germany) was used for the one-step RT-PCR assay. The reaction
mixture was prepared by adding 12.5 uL of RT-PCR Master Mix, 0.8 pL of each of 10 pmol of forward and
reverse primers, 0.25 pL. of RT Mix, and 5.65 pL of ultrapure water. By adding 5 pL of the suspicious RNA
sample, the total reaction volume became 25 pL. The reaction mixtures were transferred to the Thermal Cycler
device (T100 Thermal Cycler, BIO-RAD, Singapore). Thermal conditions were applied in the Thermal Cycler,
so RT and PCR steps were performed as one. It was kept at 50 °C for 30 minutes to convert the RNAs into
cDNA and then at 95 °C for 15 minutes to inactivate the reverse transcriptase enzyme. Following this process,
60 seconds at 94 °C for pre-denaturation, 60 seconds at 55 °C for annealing, and 60 seconds at 72 °C for
extension were applied in 40 repetitions. Finally, the reaction was terminated by a final extension at 72 °C for 10
minutes. After the PCR reaction, PCR samples were run on a 2% agarose gel containing ethidium bromide for 45
minutes at 75 Volts and visualized under UV light. Positive virus DNA samples and accession numbers used in
the study, respectively, ABPV (OP504103), BQCV (OK345070), DWV (OP504101), AmFV (OP642035),
CBPV (EU122229), KBV (OP504105), SBV (OP504108), IAPV (OP504110), and VDV1 (OP504112). These
positive virus DNAs were used as positive controls in PCR.

Table 1. Primers used in this study

Viruses * Primer sequences (bp) References

ABPV-F: 5°- CATATTGGCGAGCCACTATG -3’ _
ABPV ABPV-R: 5°-- CCACTCCACACAACTATCG3’ 398 (Benjeddouetal., 2001)

IAPV-F: 5°-CGATGAACAACGGAAGGTTT-3’ .
IAPV IAPV-R: 5°-ATCGGCTAAGGGGTTTGTTT-3’ 767 (Palacios et al., 2008)

KBV-F: 5*-GATGAACGTCGACCTATTGA-3’
KBV KBV-R:5-TGTGGGTTGGCTATGAGTCA-3' s (Stoliz et al., 199)

BQCV-F: 5’-CTTTATCGAGGAGGAGTTCGAGT-3’
BQCV-R: 5’-GCAATAGATAAAGTGAGCCCTCC-3’

DWV-F: 5-TGGTCAATTACAAGCTACTTGG -3’
DWV DWV-R: 5’-TAGTTGGACCAGTAGCACTCAT -3’ 269 (Squazzaetal., 2013)

SBV- F: 5-CGTAATTGCGGAGTGGAAAAGATT-3’
SBV SBV- R: 5’-AGATTCCTTCGAGGGGTACCCTCATC-3’ 342 (Squazza et al., 2013)

CBPV-F: 5°- AACCTGCCTCAACACAGGCAAC-3’
CBPV CBPV-R: 5’- ACATCTCTTCTTCGGTGTCAGC-3’ ra (Squazzaetal., 2013)

AMFV-F:5-CAGAGAATTCGGTTTTTGTGAGTG -3 _
AMFVALZ - AmFV-R:5°-CATGGTGGCCAAGTCTTGCT-3° P51 (Gauthleretal, 2015)

VDV-1 F:5’- GCCCTGTTCAAGAACATG-3’
VDV1 430 Gauthier et al., 2011
VDV-1 R:5’-CTTTTCTAATTCAACTTCACC-3’ ( ' )
* ABPV: Acute Bee Paralysis Virus, BQCV: Black Queen Cell Virus, CBPV; Chronic Bee Paralysis Virus, DWV; Deformed Wing Virus, KBV;
Kashmir Bee Virus, SBV; Sacbrood Virus, IAPV; Israeli Acute Paralysis Virus, AmFV-112: Apis mellifera Filamentous Virus, VDV1: Varroa
destructor Virus-1

BQCV 536 (Squazza et al., 2013)
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3. Results and Discussion
3.1. Determination of Varroosis, Nosemosis, and American Foulbrood

Tiirkiye has a rich plant diversity due to its geographical structure and climatic conditions, and beekeeping
activities are carried out in many regions. Sivas province is among the provinces with the highest honey
production in Turkey due to its climate and flora (Yiizbasioglu, 2022). In Sivas province, the beekeeping activity
lasts shorter than in other regions due to the extended winter season, and the flowering periods of the plants
differ according to the regions. Although temperature conditions shorten the duration of beekeeping activities,
non-sweltering summer temperatures create favorable conditions for this activity (Kog et al., 2020). Diseases
encountered in beekeeping, such as viruses, bacteria, Nosema, and Varroa, affect adult honey bees and their
larvae, causing low honey productivity, colony losses, and serious economic losses globally (Bordin et al., 2022).

Larval honeycomb and adult bee samples sent to the Samsun Veterinary Control Institute from Sivas
province between 2020 and 2023 were examined. The research was carried out in the Sivas center and eight
districts. The study investigated the presence and spread of N. ceranae, P. larvae spores and V. destructor in
honey bees and suspected larvae. The results showed that N. ceranae spores were present in the preparations,
while V. destructor was present in the bees, as shown in Figure 2. The study found that Varroa mite was quite
common in the samples examined, with a 50% prevalence rate, whereas the presence of Nosema spores was
observed to be less frequent, with a prevalence rate of 22.5%.

c DA 4

Figure 2. A-B; V. destructor on honey bee larvae, C: Nosema ceranae spores, D: Paenibacillus larvae
nigrosin staining zigzag positive image

In a study conducted in Bulgaria in 2020-2021, Varroa destructor was investigated in honey bee samples,
which were examined by light microscopy. The results revealed that 32.43% of the bees were infected with V.
destructor (Salkova and Gurgulova, 2022). In the study by Yilmaz et al. (2018), where they examined the
frequency of V. destructor in hives in the autumn period in the Eastern Black Sea region, the highest incidence of
V. destructor was observed in Rize province (47.7%), while the lowest incidence was reported to be in Bayburt
province (20%). Koseman et al. (2017) reported that varroosis is the most common honey bee disease in Malatya
(47.8%). Karapinar et al. (2018) reported that the suspicious samples from Van province that were examined
morphologically, were found to be V. destructor, the prevalence 89%. In our study, V. destructor prevalence was
determined to be 50% in microscopic and morphological examination of samples from Sivas province. The
discrepancies observed in studies conducted in different regions of Tiirkiye are attributed to the variation in
climate and seasonal timings. Determining the prevalence of Varroa mite is crucial as it is a vector for bee
viruses, acting as an ectoparasite. V. destructor is one of the reasons for the morphological damage it causes to
adult bees and larvae, as well as the spread of disease agents in hives. In a study conducted in Bulgaria, it was
observed that 25.40% of the honey bee samples were contaminated with N. ceranae spores. It was determined
that 32.43% of the Bulgarian samples were infected with both Varroa mite and Nosema spores. Negative
samples had the lowest value, with 9.74% (Salkova and Gurgulova, 2022). In a study conducted in the South
Marmara region, it was reported that none of the colonies sampled were infected with N. apis, and N. ceranae
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was found in 64.3% of all sampled colonies (Mayack and Hakanoglu, 2022). In a study conducted in Central
Anatolia and Mediterranean regions, the rate of N. ceranae was reported as 46% (Avci et al., 2022). In a survey
conducted in the Mugla provinces, only the N. ceranae species was detected, while the prevalence of nosemosis
was reported as 71.53% (Kartal et al., 2021). It is thought that the high disease intensity in Siirt, Sanliurfa
(43.8%) (Tel et al., 2021), Mugla (71.53%) (Kartal et al., 2021), and Ordu (44%) (Yaman et al., 2015) provinces
may be due to climate differences and bee population density. According to Ozgor et al. (2015), it was reported
that temperature and humidity values directly affect Nosema species and density in apiaries. The spores of N.
ceranae increased where these two factors increased, and the density of Nosema apis increased where these two
factors decreased. The reason for the difference in disease prevalence between regions may be the differences in
climatic conditions. In our study, the nosemosis infection rate was found as 22.5%. Our result was not as high as
the prevalence in Mugla and Ordu provinces. The reason for that Sivas province has cold and harsh winters, and
there is abundant snowfall in the winter months. In fungal infections, humidity and other conditions may also
affect nosemosis intensity. Although the long winter season in Sivas province shortens the duration of
beekeeping activities, the summer temperature values create suitable conditions for this activity.

In our study, P. larvae-positive samples were determined by cultural analysis of suspicious samples from
Sivas province. The samples sent to investigate the positivity of American Foulbrood (AFB) disease agent
Paenibacillus larvae were analyzed. Clinical observation revealed that the larvae had concave and punctured lids,
and the color of the larvae changed from beige to brown. In the matchstick test, when a needle was inserted into
the larval remains and removed from the cell, it was observed that the larvae elongated in threads, which is
known as AFB symptoms. Microscopically, a spiralling structure typical of AFB was observed in the nigrosin
staining preparation (Figure 2). In culture examination, small, regular, sometimes rough, and beige-colored P.
larvae colonies were observed on MYPGP agar medium. P. larvae could not be detected in any of the basic
comb samples received. In the cultural analysis of larval combs and adult bees, a 12.5% spread was determined
(Table 2). It was determined that the samples with positive AFB culture came from the centre, Yildizeli, and
Kangal districts. Among the samples examined in the Northwest Pakistan region, the prevalence of AFB-positive
samples was in the Kohat region, with the highest positivity rate of 39%, followed by Bannu at 37% and Karak
region at 34.5% (Anjum et al., 2015). Sik et al. (2022) reported 30.7% P. larvae positivity in their study of
suspected AFB samples from Ankara Etlik Veterinary Control Central Research Institute between 2015 and
2020. In a study conducted in the South Marmara region, AFB was prevalent in 31.3% (Mayack and Hakanoglu,
2022). Another study conducted in the Central and Eastern Black Sea region reported a prevalence of 4.38% for
AFB (Akpinar et al., 2023). In our study, it was observed that P. larvae positivity was less than the results in
other studies (Mayack and Hakanoglu, 2022; Sik et al., 2023; Akpinar et al., 2023).

3.2. Determination of viral agents by One-step RT-PCR method

Between 2020 and 2023, suspicious larval honeycomb and adult bee samples in Sivas province were sent to
the Samsun Veterinary Control Institute to be examined for the presence of the virus. For this purpose, the larval
and adult bee samples were homogenized and used for RNA isolation. The resulting RNA material was
converted into cDNA to use in RT-PCR. PCR products resulting from RT-PCR were visualized on a 2% gel. The
presence of PCR products of different sizes obtained for nine viruses was evaluated as positive (Table 1, Figure
3).

Tentcheva et al. (2004) reported that the virus prevalence was higher in adult bees than in larvae. Chronic
Bee Paralysis Virus (CBPV) prevalence was 28% in adult bees but could not be detected in larvae. In a study
conducted in Croatia in 2014, the frequency of CBPV was reported to be very low at 9.75% (Gajger et al., 2014).
Other European survey studies observed that the prevalence of CBPV was relatively low. Giimiisova et al.
(2010), reported a study in the Black Sea region and a prevalence of 25% of CBPV, while Cagirgan and Yazici
(2021), conducted a study in the Aegean Region and reported a prevalence of 1.8%. The results showed that the
virus with the highest prevalence was Deformed Wing Virus (DWV) (19.8%), followed by Black Queen Cell
Virus (BQCV) (18%), Acute Bee Paralysis Virus (ABPV) (3.6%), and Sacbrood Virus (SBV) (2.7%),
respectively. Consistent with the study conducted in the Marmara region, it was reported that CPBV could not be
detected (Mayack and Hakanoglu, 2022). It was determined that CBPV, one of the nine viruses investigated in
the suspicious samples in our study, could not be detected in any sample. Similar to our study's result, it was
reported that CPBV could not be detected in the study conducted in the Marmara region (Mayack and Hakanoglu,
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2022). Although the values varied in studies conducted on the prevalence of CBPV, it was observed that the
results were consistent with the results in our study. In the study conducted in Amasya and Elaz1g provinces, the
spread of three viruses, DWV (23.81%), ABPV (12.93%), and BQCV (10.20%), was revealed (Aydin and Oksal,
2023). In Bingol province, SBV and BQCYV infection rates were reported as 7.03% and 11.70%, respectively, but
ABPV infection was not detected in any of the apiaries (Giiller and Kurt, 2022). Avci et al. (2022) showed that
90% of worker bees were infected with at least one virus. BQCV (90%) had the highest prevalence, followed by
DWYV and ABPV prevalence of 84% and 62%, respectively. In our study, the SBV and BQCYV infection rates
were relatively high in our samples from Sivas province, at 55% and 60%, respectively, while the ABPV
infection rate was low at 7.5%.

The presence of honey bee viruses in different climatic regions of Argentina was evaluated and compared. In
the study, it was reported that Kashmir Bee Virus (KBV) and Israeli Acute Paralysis Virus (IAPV) could not be
detected, and five other viruses had different prevalence: DWV (35%), ABPV (21.5%), BQCV (8.0%), CBPV
(2.2%) and SBV (1.1%). Approximately 25% of sampled colonies were found to have double and triple viral
associations (Molineri et al., 2017). Other studies reported the presence of KBV in France and Denmark
(Tentcheva et al., 2004), but KBV could not be detected in Austria, Croatia, and Hungary (Gajger et al., 2014).
According to Tozkar et al. (2015), KBV was not detected in their studies conducted in Tirkiye. Similarly,
Cagirgan and Yazici1 (2021) reported that neither KBV nor IAPV were detected in larvae and honey bee samples
collected from the Aegean region. In the study conducted in the Marmara region, the KBV rate was reported as
2.4% (Mayack and Hakanoglu, 2022). The result in our study was determined as KBV 2.5% and IAPV 10%.
When the studies were compared in general, the prevalence of KBV and IAPV was very low or could not be
detected at all.

M kv kev 1 2 M sev sev 1 2 M meviav 1 2 M vovawvoval 2
PC  NC PC  NC PC NC PC NC

M aspvasrvl 2 Moeacveacvl 2 Moceevceev 1 2 Mowvowy 1 2 M reveey 1 2
oC NG Y

PCNC PC PC NC PCNC PCNC

Figure 3. PCR gel images of viruses in One-step RT-PCR

PC; Positive control, NC; Negative control, M; marker, Acute Bee Paralysis Virus (ABPV), Black Queen Cell Virus (BQCV), Chronic Bee
Paralyses Virus (CBPV), Deformed Wing Virus (DWV), Kashmir Bee Virus (KBV), Sacbrood Virus (SBV), Israeli Acute Paralysis Virus
(IAPV), Apis mellifera Filamentous Virus (FV), Varroa destructor Virus-1 (VDV1)

The number of studies revealing the existence and spread of viral diseases of honey bees in Tiirkiye has
increased rapidly in recent years. DWV and the closely related Varroa destructor virus-1 (VDV1) are the most
common honeybee viruses. VDV1 was known to cause high rates of overwintering colony losses in Europe but
was unknown in the USA. After developing new sequencing technology, VDV1 was identified in honeybee
pupae in the USA. In 2016, VDV1 was found in 66.0% of 603 beehives in the USA; this makes VDV1 the
second most common virus after DWV, found in 89.4% of colonies (Ryabov et al., 2017). DWV and VDV1 are
related, but there is little information about the prevalence of VDV1. While it was known as VDV1 when first
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identified, it was named DWV-B, or genotype B in the following years (Paxton et al., 2022). There is a
knowledge gap about this virus, considering its potential role in the colony loss rates of virus diseases. Paxton et
al. (2022) reported that DWYV is one of the main factors in colony collapse, and VDV1 has started to replace the
DWV virus in Europe. Since VDV1 is a recombinant form of DWV, it may further increase the severity of the
disease and colony collapse. In our study, the prevalence of DWV and VDV1 in Sivas province was determined
to be 70% and 40%, respectively. It is noteworthy that DWV prevalence is relatively high in suspected samples,
while VDV1 prevalence is close to Varroa prevalence (50%). Considering that V. destructor is accepted as an
ectoparasite vector for DWV and VDV1 (Paxton et al., 2022), it is an inevitable result that the prevalence values
are similar.

Table 2. Percentage of positivity in suspicious samples from Sivas province by district

Locality Sample ABPV BQCV CPBV DWV KBV SBV IAPV VDVl AmFV Var Nos AFB

Center 10 0 5 0 6 0 5 1 4 6 4 0 2
Yildizeli 6 2 2 0 6 1 3 0 3 3 4 2 2
Zara 6 0 3 0 3 0 2 0 6 5 2 0 0
Gemerek 5 0 4 0 5 0 4 0 1 2 4 2 0
Kangal 4 0 4 0 1 0 3 1 1 2 2 3 1
Imranh 3 0 3 0 2 0 3 1 0 2 0 1 0
Dogansar 2 1 2 0 2 0 1 0 1 1 2 0 0
Altinyayla 1 0 0 0 1 0 0 0 0 0 1 0 0
Hafik 1 0 1 0 1 0 0 0 0 1 1 1 0
Sarkisla 1 0 0 0 1 0 1 0 0 1 0 0 0
Susehri 1 0 0 0 0 0 0 1 0 1 0 0 0
Total 40 3 24 0 28 1 22 4 16 24 20 9 5
% 100 75 60 0 70 25 55 10 40 60 50 225 125

ABPV; Acute Bee Paralysis Virus, BQCV; Black Queen Cell Virus, CBPV; Chronic Bee Paralysis Virus, DWV; Deformed Wing Virus, KBV; Kashmir Bee
Virus, SBV; Sacbrood Virus, I1APV; Israeli Acute Paralysis Virus, VDV1; Varroa destructor Viris-1; AmFV: Apis mellifera Filamentous Virus, AFB;
American Foulbrood, Nos; Nosema ceranae, Var; Varroa destructor
Apis mellifera filamentous virus (AmFV) is a double-stranded DNA virus that infects honey bees. The

prevalence of AmFV in apiaries was found to vary between 10% and 80% in China (Hou et al., 2017), and that

prevalence was 61% (19/31) in eight provinces of Argentina (Quintana et al., 2021). Although AmFV was

considered a weak pathogen for honey bees, it has been proposed that it may weaken the bees to a certain degree,

making them more susceptible to other pathogens (Yang et al., 2022). In a study comparing the prevalence of

AmFV in the USA and Switzerland using PCR analysis, it was reported to be detected in 64% of Swiss colonies

and 100% of US colonies (Hartmann et al., 2015). The presence and prevalence of AmFV were not associated

with V. destructor in honey bee colonies, suggesting that Varroa is not an important factor in AmFV prevalence

and transmission (Gauthier et al., 2015). In our study, the presence of AmFV was detected in all districts sampled

in Sivas province (except Altinyayla), and its prevalence was determined to be 60%. AmFV prevalence (60%)

was one of the two most common viruses after the DWV virus (70%). Similar to previous studies (Quintana et

al., 2021), the prevalence of AmFV in Sivas province was determined to be high. In a study in Germany, the

most common viruses found were BQCV (84%) and DFW-B (35%).

Honey bees in asymptomatic colonies were infected with an average of two different viruses, and
simultaneous infection with four to six viruses was common (14%) (D'Alvise et al., 2019). In the multiple
infection rates of honey bees in beekeeping enterprises in the Burdur region, the percentage of samples that were
not infected at all was only 6.4% (Usta and Yildirim, 2022). In comparison, the share of positive samples
infected with one virus was 38.7%, the rate of positive samples infected with two viruses was 29%, and the
percentage of virus-infected samples with three viruses was 25.8%. As a result of our study, it was determined
that the viruses were sometimes found alone and sometimes in multiple mixtures (double, triple, or quintuple). In
our study, the percentage of samples with no viral infection was 7.5%, while the percentage of samples infected
with a single virus was 5%. The percentages of double, triple, quadruple, and quintuple viral infections resulting
in multiple viral infections were 17.5%, 30%, 22.5%, and 17.5%, respectively. These results were similar to
those of other studies (D'Alvise et al., 2019; Usta and Yildirim, 2022)
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Figure 4. The multiple viral infection rates in suspicious samples from Sivas province
4. Conclusions

In conclusion, according to the study data, it has been concluded that V. destructor and N. ceranae are prevalent
and dominant species in Sivas province, as in many other regions of Tiirkiye. Gaining insight into the dynamics of
honeybee bacterial and virus infections can aid in mitigating their harmful impact on colonies. Developing a strategy
to tackle Varroa mites and viral infections can help beekeepers prevent colony losses. Therefore, creating prevention
and control measures for honey bee diseases and parasites that pose a global threat is crucial.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae)’a Karsi Myristica
fragrans Houtt (Magnoliales: Myristicaceae) Bitki Ekstraktinin Nematisidal Etkinliginin
Laboratuvar Kosullarinda Belirlenmesi*

Determination of Nematicidal Efficacy of Myristica fragrans Houtt (Magnoliales:
Mpyristicaceae) Plant Extract against Pratylenchus thornei Sher et Allen (Tylenchida:
Pratylenchidae) under Laboratory Conditions

Fatma Giil KAMCILAR!', Hayriye Didem SAGLAM ALTINKOY?*

Oz

Diinyada ve Tiirkiye’de temel gida iiriinlerinin basinda tahillar ve baklagiller gelmektedir. Birim alandan yiiksek
verim elde etmek i¢in yogun calismalar yapilmaktadir. Tarim {iriinlerinde verime etki eden 6nemli hastalik ve
zararlilar bulunmaktadir. Pratylenchus spp. tahil ve baklagillerde 6nemli verim kayiplarina neden olan
zararlilardandir. Toprak kokenli zararlilar oldugundan miicadelesi de olduk¢a zordur. Giiniimiizde kullanilan
kimyasallarin tarimsal {iretimin siirdiiriilebilirligi agisindan bazi olumsuzluklari ortaya ¢ikarmasi ve insan sagligini
tehdit etmesi nedeniyle alternatif miicadele yontemleri {izerine ¢aligmalar yogunlagmistir. Bu alternatif
yontemlerin basinda bitki ekstraktlarinin kullanimi yer almaktadir. Dogada bulunan bir¢ok bitki igermis oldugu
sekonder metabolitler gibi maddeler sayesinde zararlilara kars1 biyopestisit olarak kullanilmaktadir. Bu ¢alismada
Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae)’a kars1 Myristica fragrans Houtt (Magnoliales:
Myristicaceae) bitki ekstraktinin etkinligi laboratuvar kosullarinda denenmistir. Denemede M. fragrans ‘i etanol
ekstraktinin 100, 250, 500, 1000 ve 2500 ppm dozlari uygulanmis ve deneme 4 tekerriirlii ve 2 tekrarli olarak
yiiriitiilmiistiir. Denemeler 12 kuyucuklu petri kabinda gergeklestirilmistir. 24, 48 ve 72 saat sonunda 6liim oranlari
belirlenmistir. M.fragrans ugucu yaginin analizi sonucunda ana bilesen %37.18 ile Sabinene belirlenmistir. Bunu
sirasiyla a-Pinene %29.93, 2-a-Pinene %19.00 ve dl-Limonene %3.31 oranlarinda tespit edilmistir. Deneme
sonuglarina gore 24 saat sonunda en diisiik 6liim oran1 % 4.93 ile 100 ppm’de belirlenmistir. 2500 ppm’de %27.02
ve pozitif kontrol olan Abamectin etken maddeli nematisitte %85.81 olarak tespit edilmistir. 48. saat sonunda en
diisiik 6lim oran1 %14.14 ile 100 ppm’de belirlenmistir. 2500 ppm’de %72.70 olan 6liim oran1 Abamectin etken
maddeli nematisitte %89.39 olarak tespit edilmistir. 72. saat sonunda en diisiik 6liim oran1 %26.57 ile 100 ppm’de
belirlenmistir. 2500 ppm’de %75.33 olan &liim oran1 Abamectin etken maddeli nematisitte %92.50 olarak
bulunmustur. Elde edilen sonuclara gore M. fragrans’in etanol ekstraktinin P. thornei’yi baskiladig1 ve nematodun
miicadelesinde kullanilma potansiyelinin oldugu belirlenmistir.
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Kamgilar & Saglam Altimkoy
Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae)’a Kars1 Myristica fragrans Houtt (Magnoliales: Myristicaceae) Bitki Ekstraktinin Nematisidal
Etkinliginin Laboratuvar Kosullarinda Belirlenmesi

Abstract

Cereals and legumes are the main food products in the world and in Tiirkiye. Research is being carried out to obtain high yields
per unit area. There are important diseases and pests that affect the yields of agricultural crops. Pratylenchus spp. are one of
the pests that cause significant yield losses in cereals and legumes. Since they are soil-borne pests, their control is also quite
difficult. The chemicals used today have some negative effects on the sustainability of agricultural production and human
health, for this reason, studies on alternative control methods have increased. One of these alternative methods is the use of
plant extracts. Many plants in nature are used as biopesticides against pests as they contain substances such as secondary
metabolites. In this study, the effectiveness of Myristica fragrans Houtt (Magnoliales: Myristicaceae) plant extract against
Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae) was evaluated under laboratory conditions. In the experiment,
100, 250, 500, 1000 and 2500 ppm doses of ethanol extract of M. fragrans were applied and the experiment was carried out
with 4 replicates and 2 replications. The experiments were carried out in 12-well plates. Mortality rates were determined at 24,
48 and 72 hours. As a result of the analysis of M. fragrans essential oil, the main constituent was determined Sabinene 37.18%.
This was followed by a-Pinene 29.93%, 2-a-Pinene 19.00% and dl-Limonene 3.31%, respectively. According to the results of
the experiment, the lowest mortality rate at the end of 24 hours was determined at 100 ppm with 4.93%. The mortality rate was
found to be 27.02% at 2500 ppm and 85.81% for the positive control nematicide Abamectin. At the end of 48th hour, the lowest
mortality rate was determined at 100 ppm with 14.14%. The mortality rate was found to be 72.70% at 2500 ppm and 89.39%
for the positive control nematicide Abamectin. At the end of 72 hours, the lowest mortality rate was determined at 100 ppm
with 26.57%. The mortality rate was found to be 75.33 % at 2500 ppm and 92.50 % for the positive control nematicide
Abamectin. According to the results, it was determined that the ethanol extract of M. fragrans suppressed P. thornei and had
the potential to be used in the control of the nematode.

Keywords: Pratylenchus thornei, Myristica fragrans, Biopesticide, Plant parasitic nematode, Nematicide
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1. Giris

Diinyada her gecen giin gida krizi artis gostermektedir. Kiiresel Gida Krizi Raporuna (2023) gére 2022 yilinda
gida krizi yasayan insan sayisi son 7 yilin en yiiksek rakamina ulagmis durumda ve rapora gore 691 ila 783 milyon
insanin aglikla kars1 karsiya oldugu ortaya konmustur (Anonim, 2023a). A¢ligin azaltilmasi ig¢in ucuz ve besin
degerleri yiiksek iiriinlerin {iretiminin artmas1 onemlidir. Insan beslenmesinin en temel besinlerini icermis
olduklar1 vitamin, mineral, karbonhidrat ve protein bakimindan olduk¢a zengin olan tahillar ve baklagiller
olusturmaktadir. Diinyada ve iilkemizde de en cok iiretilen tarimsal {irlinler arasinda tahillar ve baklagiller yer
almaktadir (Anonim, 2023b). Ucuz besine ulasim bakimindan tahil ve baklagillerin iiretimi yildan yila 6nem
kazansa da biyotik ve abiyotik faktorlerden dolay1 verim ve kalitede diigiis meydana gelmektedir. Biyotik faktorler
icinde bitki paraziti nematodlar tahil ve baklagillerde 6nemli verim kayiplarinin yaganmasina neden olmaktadir.
Nematodlar konukcu iizerinde yogun popiilasyona sahip olduklarinda verim ve kalitede %35-40 arasinda bir
diisiise sebep olmaktadir (Williamson ve Gleason, 2003). Bitki paraziti nematodlarin yillik olarak verdigi zararin
yaklasik 80 milyar dolar oldugu bilinmektedir (Nicol ve ark., 2011). Bitki paraziti nematodlarin yagamlarim
stirdiirmeleri ve iireyebilmeleri i¢in bitkilere ihtiyaglari vardir. Gegmisten giliniimiize yaklagik 40000 nematod tiirii
belirlenmis olup yaklasik 4300 kadarmin bitkilerde kalite ve verim kaybina neden oldugu bilinmektedir
(Kepenekgi, 2012).

Bu tiirler arasinda tahil ve baklagillerde 6nemli zararlar meydana getiren Kok Lezyon nematodlart olarak da
bilinen Pratylenchus spp. yer almaktadir. Kok lezyon nematodlar1 diinyanin neredeyse her bolgesinde bulunup,
polifag zararlilar arasinda yer almaktadir. Tahillar, baklagiller, sebzeler, meyve agaclari ve bircok siis bitkisinde
onemli verim ve kalite kaybina neden olmaktadirlar. Toprakta yasayip, bitki kokiine penetre olarak burada
endoparazit olarak yasamini devam ettiren kok lezyon nematodlari besin ihtiyaglarimi karsilamaktadirlar
(Kepenekgi, 2012, Goze Ozdemir ve ark., 2023). Stiletleri ile agmis olduklar1 yaralardan bakteri, viriis, fungus gibi
patojenlerin girisine de olanak saglamalartyla ikinci bir zarar meydana getirmektedirler.

Bitki paraziti nematodlarla miicadelede bagvurulan ilk yontem kimyasallardir. Bunun temel sebebi ise hizli ve
etkili sonu¢ vermesinin yaninda alternatif miicadele yontemlerinin bilinmemesidir. Kimyasallar, ¢evre ve insan
sagligina zarar vermekte, bilingsiz kullanimda zararlida direng gelisimi olusturmakta ve siirdiiriilebilirligin dniine
gegmektedir. Uzun yillardir tarimsal verimlilik, kalite ve ¢ift¢i gelirinin artisinda 6nemli rol oynayan kimyasallarin
giivenilirligi konusunda olusan kaygilar kimyasallarin &zellikle bilingsiz  kullanimi  sonucu tarimda
kullanilabilirliginin tekrar degerlendirilmesine yol agmustir. Tiiketiciler kaliteli iirlin isterken bunun yaninda
pestisit kalintisinin da olmamasin talep etmektedir. Bu talepler, iiriinler {izerinde kalint1 analizlerine yonelik
diizenlemelerin yapilmasi yolunu agmustir.

Bu gelismeler sonucu arastirmacilar tarafindan alternatif miicadele yontemleri gelistirilmeye ve uygulanmaya
baglanmigtir. Bunlarin basinda ise biyopestisit uygulamalari yer almaktadir. Biyopestisitlerin etki mekanizmasina
bakildiginda ¢evre dostu olarak bitki zararlilarii kontrol ettigi ve kimyasallara gore daha az toksisiteye sahip
oldugu ayn1 zamanda ¢evre ve insan sagligina karsi kimyasallara gére daha az tehdit olusturdugu diistiniilmektedir
(Srijita, 2015).

Dogada pestisit etkisi gosteren bir¢ok bitki bulunmaktadir. Bu bitkiler genellikle yogun olarak igerdikleri
monoterpen, fenolik birlesikler, alkoloitler ve seskiterpen gibi maddeler sayesinde antibakteriyel, antiviral,
antifungal, nematisidal, insektisidal ve herbisidal etki gostermektedir (Kismali ve Madanlar, 1988, Yaman ve
Simsek, 2022).

Mpyristica fragrans Houtt (Myristicaceae), genellikle Hint cevizi ya da Muskat (Nutmeg) olarak bilinmektedir.
Icerdigi monoterpen hidrokarbonlar, aromatik monoterpenler ve aromatik esterler sayesinde biyopestisit dzellik
gosteren bitkiler grubuna dahil olmaktadir. Endonezya'nin Banda Adalar1 yani sira, Hindistan, Sri Lanka,
Karayipler ve 6zellikle de Grenada'da yetistiriciligi yapilmaktadir (Anonim, 2023c¢). T1ibbi ve aromatik bitki olarak
hem baharat hem de insan saglig1 acisindan kullanilmaktadir. M. fragrans’in igerdigi bilesikler sayesinde
antimikrobiyal, antidepresan, antioksidan 6zellikleri arastirilmistir (Jaiswal ve ark., 2009). Son yillarda yapilan
caligmalarda insektisidal (Jung ve ark., 2007; Chaubey, 2008), antifungal (Butzge ve ark., 2020) ve nematisidal
(Gad ve ark., 2019) etkileri ortaya konmustur.

1163



Kamgilar & Saglam Altimkoy
Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae)’a Kars1 Myristica fragrans Houtt (Magnoliales: Myristicaceae) Bitki Ekstraktinin Nematisidal
Etkinliginin Laboratuvar Kosullarinda Belirlenmesi

Yapilan bu calismada Pratylencus thornei’ye karst Myristica fragrans’m etanol ekstraktinin nematisidal
etkinligi laboratuvar kosullarinda denenmesi amaglanmustir.

2. Materyal ve Metot
2.1. Pratylenchus thornei Sher et Allen (Tylenchida: Pratylenchidae) iiretim

Pratylenchus thornei’nin kitle iiretimi havug iizerinde Ahi Evran Universitesi Ziraat Fakiiltesi Bitki Koruma
Boliimii Entomoloji laboratuvarinda yapilmistir. Verdejo- Lucas ve Pinochet (1992), Castillo ve ark. (1995) ve Tiilek
ve ark. (2009) protokollerinden yararlamlarak Pratylenchus kiiltiirii havug iizerinde olusturulmustur. Once hasarsiz,
taze ve iri havuglar yikanmig ve 10 dakika boyunca alkol igerisinde bekletilmistir. Steril kabin igerisinde alevden
gecirilerek soyulan havuglar ikinci kez alkole daldirilmis ve soyulmustur boylece yiizey sterilizasyonu saglanmustir.
Havuglar 1 cm kalmhgmda dogranarak steril petriler icerisine alinmustir. Uzerlerine havug kiiltiiriinde ¢ogaltilmis
P. thornei’ler ufak pargalar halinde eklenmistir. Bulagsmay1 engellemek i¢in petrilerin etrafi parafilm ile kapatilmig ve
21+2°C’de inkiibator icerisine yerlestirilmigtir. Yaklasik 2-3 ay sonra nematodlarin iiremesi istenilen yogunluga
gelmigtir. Denemeler i¢in havug kiiltiirlerinden nematodlar1 elde etmek amaciyla Baermann funnel yontemiyle
nematodlarin ekstraksiyonu yapilmistir (Baermann, 1917).

2.2. Myristica fragrans Houtt (Magnoliales: Myristicaceae) ucucu yagn eldesi

Myristica fragrans ugucu yagi mikrodalga destekli distilasyon yontemi ile mikrodalga cihazinda (Milestone-
NEOS), 2450 MHz’de elde edilmistir. Mikrodalga destekli hidrodistilasyonda optimum dalga boyu i¢in Ragab ve
ark. (2019) ¢alismalar1 referans alinmistir. Elde edilen ugucu yagin kimyasal bilesiminin belirlenmesi analizi igin
Tiirkiye Bilimsel ve Arastirma Kurumu Marmara Arastirma Merkezi (TUBITAK MAM)’ne génderilmis ve GS-
MS (Gaz kromatografisi/ Kiitle spektrometresi) analizi yapilmistir. Sonuglar Tablo [ 'de vermistir.

2.3. Myristica fragrans Houtt etanol ekstraktinin elde edilmesi

Mpyristica fragrans meyvesi dgiitiiciiden piirlizsiiz olana dek gecirilmistir. Ardindan 6giitiilen M. fragrans 10
gram olacak sekilde tartilarak erlene alinmis ve 100 ml etanol eklenmistir. Ardindan aliiminyum folyoya sarilan
erlen 3 giin boyunca orbital ¢alkalayici da calkalanmigtir. Olusan ¢ozelti kaba filtreden gegirilmistir. Saf maddeyi
elde etmek i¢in Rotary Evaporatérde etanol ugurulmustur. Saf bitki ekstrakti seyreltilerek 5 farkli dozda
formiilasyon hazirlanmigtir. Negatif kontrolde saf su, pozitif kontrolde ise Abamectin (Abamax 50 Sc, Rotam
Global) etken maddeli nematisit kullanilmstir.

2.4. Myristica fragrans etanol ekstraktinin pratylenchus thornei karst nematisidal etkinlik denemesi

Calismada M. fragrans etanol ektraktinin 100ppm, 250ppm, 500ppm, 1000ppm ve 2500ppm dozlar
nematisidal etkisinin belirlenmesi amaciyla P. thornei‘ye karst in vitro kosullarda denenmistir. Denemeler 12
kuyucuklu petri kaplarinda gerceklestirilmistir. Her bir kuyucuga mikropipet yardimiyla 20 pl saf su igerisinde
(30+5) nematod ve 1 ml ekstrakt soliisyonu eklenmistir. 24, 48 ve 72 saat sonunda 6lii bireyler kaydedilmistir ve
ylizde oliim oranlart Abbott formiiliine gore hesaplanmistir (Abbott, 1925). Nematodlarin Sliip 6lmedikleri
preparat ignesi ile dokunularak belirlenmis, igne dokunduruldugunda hareket etmeyen nematodlar 6lii olarak kabul
edilmistir.

2.5. Istatistik analizler

Deneme sonunda elde edilen veriler SPSS Paket Programi (Versiyon 29) kullanilarak Varyans Analizi yapilmis
ve Duncan Coklu Karsilagtirma Testi ile degerlendirilmistir. LDso ve LDy degerleri ise Polo Paket Programi
kullanilarak hesaplanmistir.

3. Arastirma Sonuclari ve Tartisma
3.1. Myristica fragrans Houtt GS-MS analizi sonucu

Mpyristica fragrans’ i dgiitiilmesinden sonra ugucu yag elde edilmesi i¢in mikrodalga destekli hidrodistilasyon
yontemi kullanilmis ve GS-MS (Gaz kromatografisi/ Kiitle spektrometresi) ile analiz edilmistir. M. fragrans ugucu
yaginda Sabinene %37.18, a-Pinene %29.93, 2-a-Pinene %19.00, dl-Limonene %3.31, o -Phellandrene %1.86,

y-Terpinene %1.43 ve o -Terpinene %1.28 oranlarinda belirlenmistir (Tablo 1).
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Tablo 1. Myristica fragrans Houtt’in ucucu yag bilesenleri

Table 1. Essential oil components of Myristica fragrans Houtt

Bilesen Ismi RT RSI %
a-Pinene 3.00 922 29.93
Camphene 3.46 952 0.42
2-0-Pinene 4.11 953 19.00
Sabinene 4.36 923 37.18
3-Carene 4.78 917 0.49
a -Myrcene 5.11 915 2.89
o -Terpinene 5.42 920 1.28
dl-Limonene 5.84 913 3.31
o -Phellandrene 6.05 980 1.86
Delta 3-Carene 6.75 732 0.00
y-Terpinene 6.99 933 1.43
Benzene 1-methyl-2-(1-methylethyl)- 7.68 927 0.69
Cyclohexene 1-methyl-4-(1-methylethylidene)- 7.98 923 0.33
a-Thujone 12.35 925 0.04
1-methyl-4-(1-methylethyl) benzene 13.04 888 0.02
Terpineol,cis-a- 14.16 910 0.22
a-Copaene 14.65 744 0.01
Camphor 15.57 922 0.02
Cis-Sabinene Hydrate 17.19 893 0.13
Linalool 17.40 880 0.05
2-Cyclohexen-1-ol,1-methyl-4-(1-methylethyl),trans- 17.68 858 0.04
Exobornyl Acetate 18.05 803 0.00
1-4- Terpineol 19.09 910 0.44
1-Terpineol 20.13 800 0.02
cis-Piperitol 21.91 763 0.00
Linalyl propionate 22.64 912 0.03
1,3-Benzodioxole,5-(2-propenyl)-(CAS) 28.66 934 0.10
Benzene,1,2-dimethoxy-4-(2-propenyl)- 33.55 792 0.00
Myristcin 41.02 756 0.02
2-Acetyl-3-(2-cinnamido)ethyl-7-methoxyindole 42.25 583 0.01
3, 6-diazahomoadamantan-9-ol 43.39 674 0.03
Pyrrolizin-1,7-dione-6-carboxylic acid,methyl(ester) 49.75 694 0.02

3.2. Mpyristica fragrans Houtt etanol ekstraktinin Pratylenchus thornei Sher et Allen’a karst nematisidal
etkinligi

Mpyristica fragrans bitki ekstraktinin P.thornei’e karst 100ppm, 250ppm, 500ppm, 1000ppm ve 2500ppm
konsantrasyonlar1 ve Abamectin etken maddeli nematisit uygulanmis ve 24 saat sonunda en diisiik 6liim oran1 %
4.93 ile 100 ppm’de belirlenmistir. 2500 ppm’de %27.02 olan &liim orani, pozitif kontrol olan Abamectin etken
maddeli nematisitte %85.81 olarak tespit edilmistir (Sekil /). Dozlar arasinda farklar bulunmus ve bu farklarin
istatistiki olarak dnemli oldugu belirlenmistir (F (6.49) =74.45 P<0.05). Konsantrasyonlarda doz arttik¢a 6lim
oraninin da artt1ig1 sonucuna ulasilmigtir.

Mpyristica fragrans bitki ekstraktinin P.thornei’e karsi etkinliginin belirlenmesinde 48. saat sonunda en diisiik
Oliim oran1 %14.14 ile 100 ppm’de belirlenmistir. 2500 ppm’de %72.70 olan 6liim oran1 Abamectin etken maddeli
nematisitte %89.39 olarak tespit edilmistir (Sekil 2). Dozlar arasinda farklar bulunmus ve bu farklarin istatistiki
olarak 6nemli oldugu tespit edilmistir (F (6.49)=145.79 P<0.05). Konsantrasyonlarda doz ve zaman artisina bagh
olarak 6liim oraninin da arttig1 sonucuna ulagilmistir.
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Figure 1. Nematicidal effect of Myristica fragrans Houtt plant extract against Pratylenchus thornei Sher
et Allen at the end of the 24th hour.

Sekil 1. Myristica fragrans Houtt bitki ekstraktinin Pratylenchus thornei Sher et Allen’a karsi 24.saat
sonunda nematisidal etkisi
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Figure 2. Nematicidal effect of Myristica fragrans Houtt plant extract against Pratylenchus thornei Sher
et Allen at the end of the 48th hour.

Sekil 2. Myristica fragrans Houtt bitki ekstraktinin Pratylenchus thornei Sher et Allen’a karst 48.saat
sonunda nematisidal etkisi
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Figure 3. Nematicidal effect of Myristica fragrans Houtt plant extract against Pratylenchus thornei Sher
et Allen at the end of the 72nd hour.

Sekil 3. Myristica fragrans Houtt bitki ekstraktinin Pratylenchus thornei Sher et Allen’a karsi 72. saat
sonunda nematisidal etkisi
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Denemede 72. saat sonunda en diisiik 6liim oran1 %26.57 ile 100 ppm’de belirlenmistir. 2500 ppm’de %75.33
olan 6liim oran1 Abamectin etken maddeli nematisitte %92.50 olarak bulunmustur (Sekil 3). Dozlar arasinda farklar
bulunmus ve bu farklarin istatistiki olarak 6nemli oldugu tespit edilmistir (F (6.49)=119.49 P<0.05).

Mpyristica fragrans bitki ekstraktinin P.thornei’e kars1 nematisidal etkisinin belirlenmesi denemesi sonucunda
LDso ve LDgg degerleri hesaplanmistir (7ablo 2).

Buna gore; 24. saat sonunda LDso degeri 2584.18 olarak hesaplanmugtir. 48. saatte 769.75, 72 saatte ise 516.49
olarak bulunmustur. LDog degerleri ise 24. saatte 18900.00, 48. saatte 8199.32 ve 72. saatte ise 7744.02 olarak
tespit edilmistir (7ablo 2).

Tablo 2. Myristica fragrans Houtt bitki ekstraktinin Pratylenchus thornei Sher et Allen’a karsi
nematisidal etkisinin belirlenmesi denemesi sonucu elde edilen LDso ve LDy degerleri

Table 2. LDsp and LDog values obtained as a result of an experiment to determine the nematicidal effect of
Mpyristica fragrans Houtt plant extract against Pratylenchus thornei Sher et Allen

Zaman LDso LDgo Egim Ki -Kare Df Heterojenlik
24 Saat 19 6;5188‘;'6157. o) (0o 44:.?20&232 Lag  148%007 230.10 46 5.00
48 Saat (659.76(:)9-;;9.37) (6026.2;17?91'23374.70) 1:24+-0.06 76.40 46 1.66
72 Saat (424.54146-'229 1.23) (5379.75744-41'(2)3186.7 y 1094006 86.56 46 1.88

Yapilan benzer calismalara bakildiginda, Esteves ve ark. (2017) cevizin igermis oldugu naphthoquinones
(juglone, 1,4-naphtoquinone ve plumbagin) maddelerini P. thornei’ye kars1 denemislerdir. Elde ettikleri sonuglara
gore juglone ve 1,4-naphtoquinone’nin plumbagin’e gore P. thornei’ye karsi daha etkili oldugunu tespit etmislerdir.
Uygulamadan sonra 72. saatte juglone ig¢in LCs degeri 134.7 ppm, 1,4-naphtoquinone igin LCso degeri 161.2 ppm
ve plumbagin i¢in LCsy degeri ise 207.6 ppm bulunmustur. Juglone ve 1,4-naphtoquinone karistirilarak
uygulandiginda ise 178.8 ppm olarak belirlenmistir. Yapilan bu ¢alismada ise M.fragrans ‘in etanol ekstraktinin
P.thornei’ye kars1 uygulanmasindan 72 saat sonra LDsy degeri 516.49 ppm olarak belirlenmistir. Taskin (2020)
yapmis oldugu ¢alismada P. thornei’ye karst Ceviz, Ciris, Defne, Dere Otu, Hayit, Incir, Nane, Okaliptiis, Roka,
Tespih Agaci, Zakkum ve Zencefil bitki ekstraklarmi %1, %2.5 ve %5’lik konsantrasyonlarda ve 6, 12, 24 saat
zaman dilimlerinde incelemistir. Calismanin %1 ’lik konsantrasyonunda ve 6.saat sonunda en etkili 6liim sonucunu
veren Incir (%30) oldugunu, 12 saat sonundaki en yiiksek 6liim oraninin ise Tespih Agaci ekstraktindan (%92.6)
elde edildigini bildirmistir. 24 saat sonunda ise 6liim oranlar1 bakimindan Ceviz, Roka ve Tesbih agacindan elde
edilen ekstraktlarinin P.thornei’yi %100 baskiladigin tespit etmistir. Altinkdy Saglam ve ark. (2020) yaptiklar
calismada glimiis nanopartikiilliit Moringa oleifera su ekstraktinin P.thornei’ye karst denemisler ve uygulamadan
48 saat sonra 168 ppm’de %90.55 ve 84 ppm’de %79.79’luk bir 6liim meydana geldigini belirlemislerdir. M.
oleifera'nin nano giimiis katkili sulu ekstrakti P. thornei'nin azaltilmasinda etkili bulmuslardir. Dura ve ark. (2022)
ise M. incognita ve P. thornei iizerinde in vitro kosullarda dogal ¢am recinesini denemisler ve ¢alisma sonucunda
en yiiksek 6ltim oranin1 yine 72 saat sonunda %2 lik konsantrasyonda M. incognita’da %100, P.thornei'de % 96.38
olarak belirlemislerdir. Yapilan bu ¢aligmada da en yiiksek 6liim orani 72. saatte tespit edilmis ve M. fragrans’in
P. thornei’yi %75.33 oraninda 6ldiirdiigii belirlenmistir.

Daha once yapilan ¢aligmalar degerlendirildiginde P. thornei ile miicadelede kullanilan bitkisel ekstraktlarin
zamana ve doza bagl olarak nematodu basarili bir sekilde baskiladigi belirlenmistir. M. fragrans bitkisel
ekstraktinin P.thornei lizerine etkinligine bakildiginda diger ¢aligmalara benzer sekilde doz ve zamana bagli olarak
artis gosterdigi ve en yiiksek doz olan 2500 ppm’de 24.saatte %27.02, 48.saatte %72.70 ve 72 saatte ise %75.33
ile en ytiksek 6liim oranlar1 tespit edilmistir.

4. Sonug

Bitki paraziti nematodlar diinyada ve iilkemizde 6nemli verim kayiplarina neden olan bitki koruma etmenlerindendir.
Bu zararlilarla miicadelede ruhsatl ilag sayisi smirlidir. Cogunlugu Meloidogyne tiirlerine kars ruhsatlandiriimistir.
Bu ilaglarin bilingsiz kullanimi insan ve g¢evre sagligini olumsuz etkilemektedir. Bu etkileri en aza indirmek i¢in bitkisel
kokenli pestisitler tizerine ¢alismalarin hiz kazanmasi ile ruhsatlandirilan bitkisel preparatlarinda sayisi her gegen giin
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artmaktadir.

Pratylenchus tiirlerine kars1 ruhsatli pestisitler bulunmamaktadir. Bitkisel kdkenli pestisit ¢alismalarinda Moringa
oleifera, cam reginesi, ceviz, ¢iris, defne, dere otu, hayzt, incir, nane, okaliptiis, roka, tespih agaci, zakkum ve zencefil
gibi bitkilerin ekstraktlari P. thornei’ ye karsi kullanilmis ve etkili oldugu bulunmustur. Yapilan bu ¢alisma sonucunda
M. fragrans bitki ekstraktinin P.thornei’a karsi kullaniminda 72. saat sonunda %75.33’liik bir 6liim orani tespit
edilmistir. M. fragrans bitki ekstraktinin P.thornei’a karst dogal nematisit olarak kullanilabilecegi, bununla birlikte
daha gercekei sonuglara ulasabilmek i¢in bu ekstraktin farkli konsantrasyonlarda sera ve arazi kosullarinda denenmesi
gerektigi belirlenmigtir. Bu ¢alismalar insan ve gevreye zararlt sentetik ilaglarin kullanimini azaltacak ve nematodlarla
yapilan miicadeleye farkli bir yontem katacaktir. Dolayistyla biyopestisit ¢aligmalari gelecege 151k tutacaktir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tomorrow's Choices: A Comprehensive Study of Consumer Perspectives on Functional
Foods*

Yarmin Segimleri: Fonksiyonel Gidalar Uzerine Tiiketici Bakis Acilarmi Inceleyen Kapsamli
Bir Calisma

Fatma Pelin EREL!", Yasemin ORAMAN?
Abstract

Consumers strive for an improved quality of life and longevity on a daily basis. Owing to shifts in consumer
behavior, there is a consistent rise in the proportion of well-informed and mindful consumers. Functional foods,
known for their health-preserving capabilities, are gaining increased prominence within the spectrum of food
products. The functional food market, both in Turkey and globally, holds promise as an unexplored sector. Within
this context, food companies are keen to ascertain whether their newly developed products align with consumer
expectations and how consumers engage with these offerings. The study's objective is to assess consumer attitudes
towards products positioned as integral to a healthy diet, particularly those endorsed as functional foods. Moreover,
the aim is to derive indicators that can enhance strategic and tactical marketing decisions based on the study's
findings. The primary focus of the research centers on the purchasing behaviors of Turkish consumers. Employing
an inductive research design, hypotheses were tested using data collected from 391 Turkish consumers, that reside
in Istanbul, through surveys. Istanbul was chosen as it is a metropolis and a small-scale example of Turkey.
Analysis methods included descriptive and inferential statistics, explanatory factor analysis (PCA), and binary
regression analysis. The results revealed a heightened interest in functional foods among women, families with
children, and individuals with higher incomes. Furthermore, evolving lifestyles, increased incomes, and
heightened consumer awareness contribute to a surge in demand for innovative food products. The revelations
derived from these findings carry profound implications that extend their influence across various domains.
Primarily, state institutions actively involved in formulating and implementing public health programs stand to be
significantly impacted. The newfound insights provide an invaluable resource for refining and enhancing the
efficacy of existing public health initiatives. By integrating this knowledge into their strategies, these institutions
can tailor interventions more precisely, addressing specific concerns and promoting the overall well-being of the
populace. Moreover, the implications also reverberate within the intricate realm of the food sector, involving a
diverse range of stakeholders. For businesses within this industry, understanding and adapting to these findings
can prove instrumental in shaping their practices. This may encompass adjustments in production processes,
sourcing of ingredients, and the development of products that align with emerging health considerations. Proactive
engagement with these insights not only enhances the societal impact of these food-related enterprises but also
contributes to the broader narrative of responsible and health-conscious business practices.
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Oz

Tiiketiciler, giinliik yasamlarinda daha iyi bir yagam kalitesi ve uzun 6miir arayiginda bulunmaktadir. Bu arayis,
tiiketici davranislarindaki siirekli degisikliklere paralel olarak, bilingli ve bilgili tiiketicilerin oraninda artan bir
egilim gostermektedir. Saglig1 koruma yetenekleri ile bilinen fonksiyonel gidalar, giiniimiizde gida {irlinleri
yelpazesi i¢inde giderek artan bir neme sahiptir. Tiirkiye’de ve kiiresel diizeyde, fonksiyonel gida pazar1 heniiz
tam anlamiyla kesfedilmemis bir sektdrdiir ve bu durum umut vadeden bir potansiyeli beraberinde getirmektedir.
Bu baglamda, gida sirketleri, yeni gelistirilen {riinlerinin tiiketicinin beklentileri ile uyumlu olup olmadigini
anlamak ve tiiketicilerin bu {irtinleri nasil benimsedigini belirlemek amacrtyla cesitli stratejiler gelistirmek
istemektedir. Bu calismanin oncelikli amaci, ozellikle saglikli bir diyetin ayrilmaz bir pargasi olarak
konumlandirilan fonksiyonel gida iirtinlerine yonelik tiiketicinin tutumlarini degerlendirmektir. Ayrica, ¢aligmanin
bulgularina dayanarak, gida sirketlerinin stratejik ve taktik pazarlama kararlarini daha etkili bir sekilde
gelistirebilmeleri i¢in 6ngoriiler ve gostergeler elde etmektir. Aragtirmanin ana odak noktasi, Tiirk tiiketicilerinin
satin alma davranislarina yoneliktir. Indiiktif bir arastirma tasarimi kullanilarak, hipotezler Istanbul’da yasayan
391 Tirk tiiketiciden toplanan anket verileri kullanilarak test edilmistir. Tirkiye nin kiiglik 6l¢ekli bir 6rnegi
oldugundan ve metropol oldugundan Istanbul ili segilmistir. Analiz yontemleri arasinda tanimlayici ve ¢ikarimsal
istatistikler, aciklayici faktor analizi (PCA) ve ikili regresyon analizi bulunmaktadir. Sonuglar, 6zellikle kadinlar,
cocuklu aileler ve daha yiiksek gelire sahip bireyler arasinda fonksiyonel gidalara kars1 giderek artmakta olan bir
ilgi oldugunu ortaya koymaktadir. Ayrica, degisen yasam tarzlari, artan gelirler ve artan tiiketici bilinci, yenilik¢i
gida iirlinlerine yonelik talepte yil boyunca bir artisa katkida bulunmaktadir. Bu bulgularin, kamu sagligi
programlari olugturan devlet kurumlar1 ve gida sektoriindeki paydaslar icin dnemli oldugu diigiiniilmekte ve bu
sonuglar, stratejik ve taktik kararlarini gelistirmek isteyen bu kurumlar i¢in degerli bir kaynak olmaktadir.

Anahtar Kelimeler: Fonksiyonel gidalar, Saglik beyani olan gidalar, Stratejik pazarlama, Tiiketici davranigi, Tiketici
tutumlari
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1. Introduction

At the beginning of the year 2020, with the impact of the Covid-19 pandemic that entered our lives, people are
becoming increasingly sensitive to dietary approaches that will have a positive effect on their health and support
their immune systems. In this regard, they are exploring different approaches to support their health and enhance
their immune systems. Functional foods have become alternatives that consumers consider to support their health
during this process (Decker, 2020). There is no universally agreed-upon definition and product group for functional
foods worldwide. Generally, functional foods are described as foods that resemble traditional foods in appearance,
are produced by adding substances or enhancers that positively affect the body and reduce the risk of disease
(Aggett et al., 1999; Boudreau et al., 2000; Poulsen, 1999). While IFIC (International Food Information Council)
defines functional foods as foods that provide health benefits beyond basic nutrition, the American Dietetic
Association includes foods beneficial to health, such as vegetables, fruits, low-fat cheeses, and other snacks, to the
definition of functional foods (Katan and De Roos, 2004). FUFOSE (The European Commission Concerted Action
on Functional Food Science in Europe) defines functional foods as foods that have beneficial effects beyond their
basic nutritional effects, reducing the risk of disease or improving general and physical condition (Siro et al., 2008).
Ohama et al. (2006) (Siro et al., 2008) stated that most products known as FOSHU (Foods for Specific Health Use)
in Japan since 2001 are in food form, but some may also be in the form of pills or capsules. While some scientists
define products in the form of traditionally enriched foods with additives as functional foods, others also define
naturally occurring foods with functional properties as functional foods. Some researchers believe that
supplements in capsule form can also be considered functional foods. These different definitions contribute to the
challenge of accurately determining the size of the functional food market. Nevertheless, this situation does not
change the fact that the functional food market is growing in Tiirkiye and globally. In Tiirkiye, which is not yet
among the top 10 in the global functional food market (Gok and Ulu, 2019), functional food sales amounted to
461.7 million dollars in 2017 (Sezgin, 2020). Global functional food sales were recorded at 161.99 billion dollars
in 2020. In 2021, it is expected to reach 171.25 billion dollars with a 5.7% increase (The Business Research
Company, 2021). According to a different source, functional food sales were $132 billion USD in 2005, $190
billion USD in 2010, and reached $299.32 billion USD by the end of 2017. It is projected to reach $441.56 billion
USD in 2022 (Statista, 2018). Two different pieces of data expressed about the market also indicate the annual
growth of the functional food market.

Consumer perspectives on functional foods may vary in different countries. Bech-Larsen and Grunert (2003)
noted in their study that the approach to functional foods differs among American, European, and Danish
consumers. Poulsen (1999) have found out in a study conducted with Danish consumers that the attitude towards
functional foods is influenced by enriching substances and product variety. While in some countries these foods
are welcomed, in some other countries the people approach to functional food with care and prefer conventional
organic foods to stay healthy (Bech-Larsen and Grunert, 2003; Landstrom et al., 2009; Siegrist et al., 2015). Not
only in separate countries do the approaches against functional foods differ but also, they differ according to the
functional food product. Urala and Lahteenmaki (2004) stated that when choosing between traditional and
functional foods, the reasons behind choosing functional food products vary according to different product
categories. Also, different studies have different findings regarding choice about different functional food products
(Siro et al., 2008; Jezewska-Zychowicz, 2009; Oraman, 2019). The researchers claim that functional food products
are not one homogeneous group and different studies should be made in order to understand the consumer attitudes.
So, in order to understand the Turkish functional food market, this study on 6 different functional food products
was prepared. Research conducted on different product groups and in different countries regarding functional
foods will contribute to a better understanding of this market. Research conducted in Tiirkiye with different
functional food product groups is important for a better understanding of the functional food market in Tiirkiye.
While some studies show that there is a difference regarding the gender in preferring functional foods (Saher et
al., 2004; Ares and Gambaro, 2007; Siro et al., 2008) some have found out that there is no relationship between
gender and consumption of functional foods (Ozdemir Ozkan et al., 2009; Annunziata and Vecchio, 2011). The
gender and the type of functional foods the specific gender prefers may differ. Some research show that women
have a more positive attitude against functional food products and that the main consumer of the functional foods
are the women (Oraman, 2019; Poulsen, 1999; Bower et al., 2003; Siro et al., 2008; Dolekoglu et al., 2015),
whereas the others have determined that there is no relationship between gender and preferring the functional foods
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(Ozdemir Ozkan et al., 2009; Annunziata and Vecchio, 2011). Age, like gender, emerges as a variable investigated
in functional food consumption studies (Dolekoglu et al., 2015). While some research suggests that age is a
decisive factor in functional food preferences (Bower et al., 2003; Ares and Gambaro, 2007; Stewart-Knox et al.,
2007), there are also studies that do not support these findings (Ozdemir Ozkan et al., 2009). In the older age group,
it is observed that functional food products can be purchased, even if they are expensive, when it is believed that
they are effective (Poulsen, 1999). The elder consumers demand the foods that lower blood pressure and
cholesterol (Siro et al., 2008). Various variables influencing the usage of functional food have been examined in
research studies. Factors such as income level (Dolekoglu et al., 2015; Siro et al., 2008), the presence of children
in the family (Siro et al., 2008), and the existence of individuals practicing special nutrition or with illnesses
(Verbeke, 2005; Annunziata and Vecchio, 2011; Siro et al., 2008) have been indicated as elements affecting the
utilization of functional food whereas Ozdemir Ozkan et al. (2009) have indicated that no significant relation
between attitudes against functional foods and gender, age, marital status and having children was detected.
However, these studies have been conducted in different countries or on different functional food product
categories. This study investigates the results of these variables in Tiirkiye and on six different functional food
products (bread with added vitamins and minerals, yogurt containing probiotics, margarine that helps lower
cholesterol, relaxing teas (e.g., relax, 7 herbs, form), breakfast cereals with added vitamins and minerals, and eggs
with added selenium or omega-3) mentioned in this study.

Research conducted on different product groups and in different countries regarding functional foods will
contribute to a better understanding of this market. This research aims to contribute to a better understanding of
the Turkish functional food market and to define the target market for functional foods more effectively. The
objective of this study is to assist in identifying which segment of potential functional food users could be
functional food consumers and to support a better understanding of the target market. The effects of gender,
education level, age, marital status, existence of children in the family, income level and having an individual
applying a specific diet on the consumption of functional food was researched.

2. Materials and Methods
2.1. Research Methodology

The material for this study was collected from primary and secondary data sources. The data obtained through
surveys conducted with Turkish consumers constitute the primary data source for the research. Additionally, printed
research, articles, theses, books, applications and publications of government institutions in Turkey and worldwide, as
well as project reports, form the secondary data sources for the study.

Surveys were applied to individuals residing in Istanbul. According to the 2016 population census, the population
of Istanbul was determined to be 14.804.116 people (www.tuik.gov.tr). In determining the sample size, the formula
recommended by Naing et al. (2006) for cases where the population size is known was utilized.

_ [N+t2(pxq)]
N = STV -Dr 5] (Eq. 1)

N= The number of individuals in the population
p= The proportion of those who prefer functional foods
q= The proportion of those who do not prefer functional foods
s= The sampling error accepted by the researcher
t= The accepted level of significance

Based on the population of Istanbul in the year 2016, the number of individuals in the population (N) has been
calculated. The proportions of those who prefer and do not prefer functional foods (p and q) are both considered to be
50%. The sampling error accepted by the researcher (s) is set at 5%. The accepted level of significance (t) (1-0.95 =
5%) corresponds to a value of 1.96.

n= 14804116%1.96%%(0.5%0.5)
0.052%(14804116—1)+0,052x(0.5%0.5)

n=384

(Eq.2)
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The sample size is 384 individuals, and the consumer surveys were applied to 391 individuals. The surveys were
conducted through two different methods: online and printed.

For this study, a survey scale previously used in Sweden was adopted (Landstrom, 2008). Due to differences in the
healthcare systems between Tiirkiye and Sweden, some questions from the survey targeted at healthcare professionals
were omitted. This survey scale was developed based on scales by Roininen and Tuorila (1999) and Urala and
Lahteenmaki (2007) as indicated by Landstrom (2008).

The hypotheses of the study are as follows:

HI1: The consumption of functional foods varies between men and women, indicating a difference in their
preferences and habits.

H2: Individuals with a family member adhering to a specific dietary regimen are more inclined to incorporate
functional foods into their diet.

H3: Individuals with elevated levels of education are more likely to engage in the consumption of functional foods.
H4: Consumers above middle age are more inclined to consume functional foods.

HS5: Marital status has an impact on the tendency to consume functional foods.

H6: The tried/preferred functional food product varies with age.

H7: Families with children are more likely to incorporate functional foods into their consumption habits.

HS: Individuals in a higher income bracket show a greater tendency to incorporate functional foods into their
dietary choices.

The fundamental assumption of this research is that participants provide honest and sincere responses on the survey
form, and they correctly understand all questions. The survey data obtained were analyzed using the SPSS 24.0
program.

The analysis includes frequency tables, which encompass frequency and percentage distributions specific to
variables, as well as central tendency measures such as mean, standard deviation, and variance Islamoglu and Alniacik
(2014). In this study, a frequency table was created for consumer groups regarding age, marital status, education level,
and total monthly income data.

Factor Analysis is a multivariate analysis method that reduces a large number of variables to a smaller number of
variables based on relationships between variables Islamoglu and Alniacik (2014). Exploratory factor analysis can be
defined as a discovery study on collected data to represent a large number of variables with a smaller number of
variables. Confirmatory factor analysis, on the other hand, is used to test hypotheses, extract latent variable structures
from a specific sample data, and apply obtained results to the general population for generalization. In this research,
exploratory factor analysis was used.

Two different scales were used in surveys conducted with each consumer. These two scales were named the
functional food scale and health scale. The questions in these scales were designed in Likert scale which has a 5-point
scale format. The Likert scale ranges from "1 - strongly agree" to "5 - strongly disagree."

The reliability of each scale was assessed using the Cronbach Alpha coefficient. The analysis results indicated that
the scales have a high level of reliability.

Survey results were subjected to another analytical approach known as binary logistic regression analysis. The
objective of logistic regression analysis is to construct a model that effectively captures the relationship between
dependent and independent variables while minimizing the number of variables involved (Cokluk, 2010). According
to Cokluk (2010) and Tabachnick and Fidell (1996) stated that logistic regression analysis does not require the
independent variables to have a normal distribution. However, certain prerequisites must be met in logistic regression
analysis to ensure the accurate interpretation of the data. In order to avoid misinterpretations during the analysis, it is
essential to examine the presence of multicollinearity issues among independent variables (Cokluk, 2010). In this
research, VIF values were assessed to detect multicollinearity among independent variables. In this research, VIF
values were assessed to detect multicollinearity among independent variables. The findings revealed that all VIF values
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were below 5, indicating the absence of multicollinearity.

Subsequently, binary logistic regression analysis was conducted. Binary logistic regression analysis is a method
applied when the dependent variable is binary and categorical. Logistic regression analysis requires logistic
transformation due to its nonlinear nature and uses the maximum likelihood method. Logistic regression relies on
probabilities, odds, and the logarithm of odds as fundamental components in its methodology. The odds are determined
by dividing the probability of an event occurring by the probability of the same event not occurring (Cokluk, 2010).

Odds = :;38/) (Eq. 3)

p(y): Probability of an event occuring
1-p(y) : Probability of an event not occuring
The odds ratio is defined as the ratio of two seperate odds (Ozdamar, 2013).

The logit is derived by applying the natural logarithm to the asymmetric odds ratio, transforming it into a symmetric
form (Ozdamar, 2013).

The prediction equation derived from logistic regression analysis is as follows;

L;= log% = b0 + blx1 + b2x2 + b3x3 + bdx4 + - (Eq. 4)

In the equation;

p(y): Probability of the occurrence of the condition of interest in the dependent variable
b0: Constant term

X: Independent variables

B: Beta coefficients in log-odds units

Li: Logit (Y Dependent Variable)

Y = {1 Consumer has consumed the product
=

2 Consumer has not consumed the product

Table 1 shows the independent variables included in binary logistic regression analysis and their coding. The
minimum income level was set according to the poverty threshold belonging to the year the surveys were conducted.

Table 1. Coding of Independent Variables in Consumer Surveys

Parameters
Variables Description of Variables
@ O O
X1 (Gender) 1 Female 1 0
2 Male 0 0
Xz (Level of 1 Primary-Secondary-High School 1 0
Education)
2 Higher Education 0 0
X3 (Marital Status) 0 Single 1 0
1 Married 0 0
X4 (Age) 1 <29 1 0 0
2 30-39 0 1 0
3 40-49 0 0 1
4 >50 0 0 0
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Table 1. Continued

X5 (Income)

<1656 USD

1657-3311 USD 0
>3312 USD 0
Xs (Presence of No 1
children in the
household) Yes 0
X7 (The presence of No 1
an individual
implementing a Yes 0
special diet in the
household)
Xs FF Scale Factor 1 I agree- I completely agree 1
(Personal reward of .
using FF) I do not agree - I completely disagree 0
XoFF Scale Factor 2 I agree- I completely agree 1
(Confidence in FF)
1 do not agree - I completely disagree 0
Xi0FF Scale Factor I agree- I completely agree 1
3 (Interest in FF)
I do not agree - I completely disagree 0
X1 H Scale Factor I agree- I completely agree 1
1(General Interest
in Health) I do not agree - I completely disagree 0
Xi2H Scale Factor 2 I agree- I completely agree 1
(Interest in Natural )
Products) I do not agree - I completely disagree 0
Xi13H Scale Factor 3 I agree- I completely agree 1
(Interest in Diet .
Products) I do not agree — I completely disagree 0
3. Results and Discussion
The demographic data of the consumers attended to the survey is shown in Table 2.
Table 2. Demographic Data of Consumers
Variables Frequencies %
Gender
F(Female) 217 55.9
M (Male) 171 441
Age
<29 168 43
30-39 127 32.5
40-49 73 18.7
50-89 23 5.9
Marital Status
Married 183 46.9
Single 207 53.1
Educational Level
Compulsory Education 136 34.8
Higher Education 255 65.2
Monthly Total Income
<1656 USD 234 60.3
1657-3311 USD 111 28.6
>3312 USD 43 11.1
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In the application of factor analysis, both scales were examined separately using the factor analysis method.
For the Functional Food Scale (FFS), reliability analysis was initially conducted. The Cronbach Alpha value was
initially obtained as 0.901. In the reliability analysis, expressions that increased reliability when excluded were
removed, and the analysis was conducted again, resulting in a Cronbach Alpha value of 0.911. When the factor
analysis process was applied, a total of 4 factors were identified in the FFS scale. The factor loadings of expressions
were examined, and expressions with loadings below 0.1 in different factors were removed, and the analysis was
repeated. Separate reliability analyses were conducted for each factor group (Islamoglu and Alniacik, 2014). As a
result of this process, 3 factors identified are specified in Tables 4 and 5. Finally, the Cronbach Alpha values for
the remaining factors were found to be 0.894.

Table 3 shows the KMO (Kaiser-Meyer-Olkin) value for the consumer functional food scale. According to this
result, the KMO value for the consumer surveys' functional food scale is 0.918. The KMO value indicates that the
sample size is excellent for factor analysis (Cokluk et al., 2012).

Table 3. Consumer Functional Food Scale Factor Analysis KMO and Bartlett Test Table

KMO ve Bartlett Testi
Kaiser-Meyer-Olkin Sample Measurement Value 0.918
Adequacy
Bartlett Test Chi-Square 3000.128
Df 190
Sig. 0.000

Table 4 shows the variances explained by the components obtained from the factor analysis initially and after
applying the varimax rotation method. Initially, 52.803% of the total variance, explained by a total of 21
expressions, can be accounted for by 3 factors. If the explained variance value is between 0.40 and 0.60, it indicates
convenience for factor analysis (Cokluk et al., 2012).

Table 4. Consumer Functional Food Scale Factors and Explained Variances Table

Factors Initial Eigenvalues Squared Sum of Extracted Squared Sum of Rotated
Loadings Loadings
Total Variance Cumulative Total Variance Cumulative Total Variance Cumulative
% % % % % %
7.074 35.368 35.368 7.074 35.368 35.368 4910 24.550 24.550
2 1.787 8.934 44.302 1.787 8.934 44.302 3.381 16.907 41.457
1.700 8.501 52.803 1.700 8.501 52.803 2.269 11.346 52.803

The results of the factor analysis applied to consumer surveys are shown in 7able 5. Expressions marked with
the letter 'R' in the leftmost column have been recoded as they are negative statements.

The process applied to the Health Scale (HS) was conducted similarly to the process applied to the Functional
Food Scale. The Cronbach Alpha values obtained for all factors are higher than 0.6. The details of the identified
factors are specified in Tables 7 and §.

Regarding the factor loadings, significance of factor loading values can be determined taking into account the
sample size. For a sample size of 120, a factor loading of 0.50; for a sample size of 200, a factor loading of 0.40;
and for a sample size of 350, a factor loading of 0.30 can be considered significant (Hair et al., 2014; Akin and
Asci, 2021)

The KMO and Bartlett test results for the factor analysis that was conducted for the Health Scale are shown in
Table 6.
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Table 5. Consumer Functional Food Scale Factor Analysis, Factor Loadings, Averages, Standard Deviations

Factor Average  Standard
Loading Deviation

Factor 1: Personal Reward for Using Functional Foods

- Products with health claims facilitate the pursuit of a healthy 0.793 3.0684 1.0480
lifestyle.

- I believe that foods with health claims enhance my overall 0.763 3.2500 1.0887
well-being.

- I view it as a positive aspect that contemporary technology 0.747 2.8342 1.1237
allows for the creation of food products featuring health-related

claims.
- I experience an improved well-being when I consume foods 0.743 3.2316 1.1320

with health claims.

- The idea of maintaining my health through the consumption of  0.700 3.1421 1.1421
foods with health claims brings me joy.

- Consuming foods with health claims is entirely safe. 0.601 3.3026 1.0121
- I believe that products with health claims undergo thorough 0.574 3.2737 1.0621

and careful safety research.

- Regular consumption of products with health claims can help  0.557 3.4500 1.1113
me prevent diseases.

- The consumption of a product with a health claim enhances 0.556 3.1579 1.0999
my performance.

- I would purchase a food product with a health claim endorsed  0.516 2.4605 1.0974
by a doctor, dietitian, or health professional.
R - Healthy individuals do not gain any advantages from using 0.428 3.1105 1.2722

food products with health claims.
Factor 1 Cronbach Alpha=0.882

Percentage of Variance Explained=24.550

Factor 2: Confidence in Functional Foods

R - Unforeseen risks are associated with the novel features of 0.784 3.2316 1.0795
food products with health claims.

R - The health effects information on the packaging of foods with ~ 0.733 3.2711 1.1635
health claims is frequently overstated.

R - Certain situations may arise where food products with health 0.710 3.2421 1.1552
claims could pose risks to individuals who are otherwise
healthy.

R - I disagree with the constant proliferation of foods with health ~ 0.624 2.9395 1.1932
claims on the market shelves.

R - Overindulging in food products boasting health benefits may 0.600 3.5368 1.2096

have adverse effects on one's well-being.

- Infusing products typically deemed unhealthy with purported ~ 0.555 3.3342 1.2692

health advantages lacks significance.
Factor 2 Cronbach Alpha=0.799
Percentage of Variance Explained=16.907

Factor 3: Interest in Functional Foods
- I am willing to allocate additional funds towards purchasing 0.707 3.8737 1.1554
functional food.
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Table 5. Continued

- I diligently seek information about foods that come with 0.657 3.5158 1.2013
health claims.
- I enjoy consuming foods that have effects similar to drugs. 0.626 3.6500 1.2182

Factor 3 Cronbach Alpha=0.603
Percentage of Variance Explained =11.346

Table 6. Consumer Health Scale Factor Analysis KMO and Bartlett Test Table

KMO ve Bartlett Testi
Kaiser-Meyer-Olkin Sample Measurement Value 0.870
Adequacy
Bartlett Test Chi-Square 2637.034
Df 91
Sig. 0.000

Table 7 displays the variances explained by the components obtained from the factor analysis initially and after
the varimax rotation process. Three factors explain 65.428% of the total variance explained by a total of 14
statements in the Consumer Health Scale.

Table 7. Consumer Health Scale Factors and Explained Variance Table

Factors Initial Eigenvalues Squared Sum of Extracted Loadings Squared Sum of Rotated Loadings
Total Variance Cumulative Total Variance Cumulative  Total Variance Cumulative
Percentage Percentage Percentage Percentage Percentage Percentage
1 5.351 38.224 38.224 5.351 38.224 38.224 4.090 29.215 29.215
2 2.565 18.320 56.544 2.565 18.320 56.544 2.560 18.288 47.503
3 1.244 8.883 65.428 1.244 8.883 65.428 2.510 17.925 65.428

Table 8 contains details of the factors related to the health scale. A total of 14 statements have been reduced to
3 factors, named as general health interest, interest in diet products, and interest in natural products. The table
includes expressions for each factor group, factor loadings for each expression, mean values, standard deviations,
and at the end of each factor group, the Cronbach Alpha values and the explained variance are provided.

Consumers were asked questions about their consumption habits related to six different functional food
products which are vitamin-mineral fortified bread, probiotic fortified yogurt, margarine to help lower cholesterol,
teas with relaxing properties (e.g., relax, 7-herbs, form), vitamin-mineral fortified breakfast cereals, and eggs
fortified with selenium or omega-3. Additionally, an overall assessment was made about the general consumption
of functional foods irrespective of product differentiation.

The Table 9 represents Exp (B), which indicates the odds ratios. For an independent variable, the Exp (B) value,
when other variables are held constant, indicates the proportional change in the expected outcome (the odds) of
the dependent variable (i.e., the consumption of vitamin-mineral fortified bread) with a one unit change in the
independent variable. If the Exp (B) value is greater than 1, an increase in the value of the independent variable is
associated with an increase in the odds of the expected outcome. If the Exp (B) value is greater than 1, an increase
in the value of the independent variable is associated with an increase in the odds of the expected outcome. If the
Exp (B) value is less than 1, an increase in the value of the independent variable is associated with a decrease in
the odds of the expected outcome (Islamoglu and Alniacik, 2014). If the Beta coefficient is negative, the odds ratio
should be corrected as AO=1/OR (Ozdamar, 2013).

When the results of logistic regression analysis are examined, it was observed that survey results for functional
yogurt, breakfast cereals, and any functional food product types provided interpretable outcomes with logistic
regression application.
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Table 8. Consumer Health Scale Factor Analysis, Factor Loadings, Average Values and Standard Deviations

Factor Average Standard
Loading Deviation
Factor 1: General Interest in Health
-I always eat a healthy and balanced diet 0.772 2.8203 1.0047
-When selecting food, I ensure that my choices align with health 0.732 2.4792 1.0643
considerations.
-Ensuring the healthiness of the snacks I consume is of utmost 0.731 2.4531 1.1115
importance to me.
-Having a low-fat content in the foods I consume daily is crucial 0.719 2.7292 1.1850
for me.
-1 pay close attention to the health aspects of the food I consume. 0.703 2.4479 1.1136
- I steer clear of foods that I believe could elevate my cholesterol 0.687 2.8021 1.2124
levels.
R -I consume whatever I desire, seldom giving consideration to the 0.634 2.5885 1.1972
health aspects of my food choices.
-Ensuring that the foods I consume daily are rich in vitamins and 0.534 2.4609 1.0760
minerals is a priority for me.
Factor 1 Cronbach Alpha=0.874
Percentage of Variance Explained =29.215
Factor 2: Interest in Natural Products
- I believe that consuming foods sweetened with artificial 0.852 2.1016 1.2146
sweeteners can be detrimental to my health.
- I avoid highly processed products because I'm unfamiliar with 0.790 2.3177 1.1302
their ingredients.
- I make an effort to consume products that are free from additives.  0.774 2.2630 1.0699
Factor 2 Cronbach Alpha=0.823
Percentage of Variance Explained=18.288
Factor 3: Interest in Diet Products
-1 hold the belief that diet products contribute to maintaining a low  0.906 3.1016 1.1019
cholesterol level for me.
- I believe that diet products contribute positively to my overall 0.879 3.1354 1.1299
health.
- I believe that I can manage my cholesterol levels by incorporating  0.868 3.1719 1.1524

diet products into my consumption.

Factor 3 Cronbach Alpha=0.871

Percentage of Variance Explained=17.925

Yogurt holds significant importance in Turkish culture and is widely consumed. According to Kizilaslan and
Solak (2016), a report by Danone in 2013 indicated that Tiirkiye ranked second in per capita yogurt consumption.
Similarly, as reported by Kizilaslan and Solak (2016), the Tiirkiye Nutrition and Health Survey revealed that 52.7%
of the Turkish population consumed yogurt daily. Simsek et al. (2005) expressed in their study that most of the
respondents participated in their research, due to dietary habits, do not have a regular habit of drinking milk. On
the other hand Turkish consumers mostly prefer yogurt, not milk. Engindeniz et al. (2021) declared in their study
that 93.36% of the household members interviewed stated that they consumed yogurt.
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Analyzing yogurt consumption, it was observed that the likelihood of females consuming functional yogurt is
2.78 times higher. Additionally, in an examination of probiotic consumption, as mentioned in a study by Schultz
et al. (2011), it was found that 30.6% of females consume probiotics, while only 17.2% of males do. Females
generally show a higher preference for probiotic consumption. Regardless of product type, the likelihood of
females consuming any functional food product is 2.54 times higher. A study conducted by Dogan et al. (2011)
revealed that females consume functional foods more frequently. Research conducted in different countries also
showed that females have a more positive attitude towards and a higher preference for functional foods (Bower et
al., 2003; Poulsen, 1999; Siro et al., 2008). However, a study by Ozdemir Ozkan et al. (2009) suggested that there
is no significant relationship between attitudes toward functional foods and variables such as gender, marital status,
and having children.

In families without children, the likelihood of consuming probiotic yogurt is 1.74 times lower, and the
likelihood of consuming functional breakfast cereals is 1.75 times lower. The odds ratio for functional cereals is
calculated as 0.571, and for yogurt, it is 0.573. Since the Beta coefficients are negative, the odds ratios are corrected
as 1/OR. Thus, the odds ratios are corrected as AO=1/0.573 and AO=1/0.571. It can be speculated that families
without children may prioritize food choices that contribute to the overall health and vitamin-mineral support of
their children. Hacioglu and Kurt (2012) mentioned factors such as increasing healthy intestinal bacteria, aiding
in weight control, and contributing to children's growth as reasons for the preference for functional foods. Siro et
al. (2008) also emphasized the significant role of the presence of children in adopting functional foods.

In families where individuals implementing a personalized nutrition program are not present, it has been
observed that the likelihood of consuming probiotic yogurt is low. In his research, Verbeke (2005) noted that an
individual experiencing a specific health problem within the family positively influences the consumption of
functional foods. Similarly, Siro et al. (2008) stated that the presence of individuals who have experienced health
problems or relatives who have experienced health problems is an important factor in the adoption of functional
foods.

Consumers who perceive functional foods as a personal reward have a 2.36 times higher likelihood of
consuming probiotic yogurt, a 3.10 times higher likelihood of consuming vitamin-mineral fortified breakfast
cereals, and a 2.76 times higher likelihood of consuming any functional food product. Consumers with positive
thoughts about functional foods, believing that these products enhance their overall health and consequently make
them feel better, have a higher likelihood of consuming probiotic yogurt, functional cereals, and any functional
food product.

Consumers with a monthly income below 1656 USD have a 2.58 times lower likelihood of consuming probiotic
yogurt and a 3.10 times lower likelihood of consuming any functional food product. Since functional foods are
generally perceived as more costly than conventional foods, it is supported by findings that consumers with lower
income levels have a lower likelihood of choosing such products. Siro et al. (2008) have indicated that functional
food consumers have generally a high-income level.

Single consumers have a 2.08 times higher likelihood of consuming breakfast cereals. The preference for
breakfast cereals, known as convenient breakfast alternatives, aligns with the results of the research.

It has been observed that consumers showing interest in functional foods have a 1.70 times lower likelihood of
consuming functional breakfast cereal products and a 2.13 times lower likelihood of consuming general functional
products. Factors expressing interest in functional foods include satisfaction with paying higher prices for
functional foods, making a special effort to be informed about foods with health claims, and preferring to consume
foods with drug-like effects. Despite positively evaluating functional foods, consumers in this group are observed
to have a low likelihood of consuming them. The analysis results emphasize that a positive attitude is not the sole
factor influencing purchasing decisions. Additionally, factors such as the proven health benefit perception (Poulsen,
1999), the belief that functional food products work and influences such as price and naturalness, as highlighted
by (Bower et al., 2003) also play a role.

Consumers with a high level of interest in diet products have a 1.86 times lower likelihood of consuming
functional cereals. Questions indicating interest in diet products include factors such as the belief that diet products
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have an impact on keeping cholesterol levels low, the perception that diet products support health, and the desire
to control cholesterol by consuming diet products.

Consumers below the age of 29 have a 4.65 times higher likelihood of consuming vitamin-mineral fortified
breakfast cereals, while consumers in the 30-39 age range have a 3.40 times higher likelihood of consuming the
same product. Consumers under the age of 39 show a higher likelihood of preferring functional cereals. Markovina
et al. (2011) mentioned in their survey targeting the 14-30 age group that 75% of this age group purchases

functional products.

Table 9. Odds Ratios of Consumers' Usage of Functional Products

Variabl Probiotic Vitamin-Mineral Any Functional Food
ariable Added Yogurt  Enriched Cereals Product
Personal reward of using FF 2.356% 3.1012 2.765%
(Agree/Absolutely Agree)
Confidence in FF (Agree/Absolutely Agree) 1.018 0.703 1.248
Interest in FF (Agree/Absolutely Agree) 0.711 0.587° 0.470°
General Interest in Health (Agree/Absolutely  1.067 0.821 1.205
Agree)
Interest in Natural Products 1.051 0.836 1.109
(Agree/Absolutely Agree)
Interest in Diet Products (Agree/Absolutely 1.005 0.537° 0.870
Agree)
Gender
Female 2.784* 1.315 2.544°
Marital Status
Single 1.359 2.081° 1.616
Age
<29 1.763 4.649° 1.787
30-39 1.458 3.399° 2.104
40-49 1.677 2.243 0.717
No children in the household 0.573° 0.571° 0.585
Level of Education
Compulsory Education (Primary- 0.825 0.949 1.249
Secondary-High school)
Monthly Total Household Income
<1656 USD 0.387° 1.092 0.322°
1657-3311 USD 0.675 1.235 0.804
No Individual Implementing a Special Diet  0.488" 1.170 0.972

in the Household

a:p<0.01 b:p<0.05 c:p<0.1
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4. Conclusions

Upon examining the survey results, it was observed that probiotic-fortified yogurt and general functional foods are
consumed more by women among consumers. Furthermore, in families without children, the probabilities of
consuming both probiotic-fortified yogurt and functional breakfast cereals were found to be lower. If it is aimed to
encourage childless families to consume these products, it is recommended to provide them with more information
about these product groups.

Among consumers, it was observed that the probability of consuming probiotic yogurt is lower in families where
there is no individual implementing a special nutrition program at home. The presence of an individual implementing
a special nutrition program at home may lead other family members to be more conscious and careful about nutrition.
If there is no one implementing a special nutrition program at home, or if there is no particular interest in nutrition,
individuals may be less sensitive or investigative in this regard.

Single consumers were found to have a higher likelihood of consuming breakfast cereals. For functional cereals, it
is recommended to conduct studies targeting single consumers.

Consumers under the age of 39 were observed to have a higher likelihood of preferring functional cereals. As
breakfast cereal products are considered a practical option, it is seen that the younger age group prefers this product
more.

In comparison to traditional foods, functional foods are more costly products. In this study, consumers with a
monthly income below 1656 USD were observed to have lower probabilities of consuming probiotic yogurt and any
other functional food products. It can be considered a reasonable approach that consumers with lower income levels
do not allocate more budget for functional foods. When the prices of functional foods become closer to the prices of
traditional foods, access to functional products will be easier for this income group.

Consumers with positive thoughts about functional foods have a high probability of consuming probiotic yogurt,
functional cereals, and other functional food products. In this context, to enable consumers to have more information
about these products, the effects of these products on health should be conveyed more clearly and explicitly. Providing
more detailed information about the effects of current and future functional foods on consumer health is expected to
support consumer attitudes.

Consumers showing interest in functional foods were observed to have lower probabilities of consuming especially
functional breakfast cereals and general functional products. Consumers with a higher interest in diet products were
found to have lower probabilities of consuming functional cereals. The questions indicating interest in diet products
involve beliefs that diet products have an impact on lowering cholesterol, the perception that diet products support
health, and the desire to consume these products to keep cholesterol under control. In this context, it is considered
significant that the result of functional cereal not being categorized as a diet product and not being preferred by
consumers with a high interest in diet products is meaningful.

Landstrom et al. (2009) and Bech-Larsen and Grunert (2003) have stated that consumers in different countries have
different approaches to functional foods. Therefore, to better understand consumers in Turkey, research on functional
foods can be conducted more comprehensively by following studies conducted internationally.

Poulsen, 1999 emphasized that functional foods should be considered not as a homogeneous group but as separate
products in different product categories. Ares and Gambaro (2007) also stated that different genders and age groups
exhibit different approaches to products. In this regard, research on other products not examined in this study could
provide more detailed insights into consumer approaches to functional food groups. This could help in better
understanding the preferences of functional food consumers and diversifying activities in this market.

This research was conducted on six functional product groups. Including different product groups in future research
will provide more detailed information about the functional food market. Expanding the number of respondents to the
survey will enable obtaining more detailed information about the functional food market in Turkey.
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Turkish Noodle (Eriste) Quality of Different Local Durum Wheat Varieties: Case Study
of Lakes Region, Tiirkiye*

Farkl1 Yerel Durum Bugday Cesitlerinin Eriste Kalitesi: Goller Bolgesi Ornegi, Tiirkiye

Hiilya GUL", Ayse OZTURK>
Abstract

Wheat flour noodles are a staple in the diets of many countries, and their popularity has increased in recent years.
The main component of noodles is wheat flour; therefore, the qualitative attributes of noodles are predominantly
dependent on the quality of wheat used in their production. This study aimed to evaluate and compare the quality
of noodles made from ten different local durum wheat varieties (LDW) sourced from the Lakes Region of Tiirkiye.
The study measured various parameters like moisture, ash, color, breaking strength, deformation, and texture
profile analysis (TPA) of noodles made from LDW flours. Moreover, the optimum cooking time (OKT), cooking
loss (CL), swelling volume (SV), water absorption (WA), and sensory attributes of noodles were assessed.
Regarding moisture and ash content, the noodles were found to have values ranging from 6.76 to 10.51% and 2.29
to 2.77, respectively. The noodles had an average brightness of 87.24, a redness of 1.26, and a yellowness of 17.74.
Ak Bugday, Ankara 98, and Gediz 75 varieties demonstrated higher levels of yellowness than the other varieties.
The Kiziltan91, Cesit1252, and Ak Bugday cultivars showed more resistance to breakage while lower levels of
deformation. Significant effects (P<0.01) of LDW on the TPA of cooked noodles were identified. Sert Bugday
and Kunduru varieties had the lowest OCT (10.29 min), while Ak Bugday and Kiziltan 91 varieties had the highest
value (average 12.48 min). The CL and SV of cooked noodles varied from 7.85 (Ankara 98) to 10.39% (Sert
bugday) and 110% (Burgaz) to 259.20% (Sert Bugday) respectively. The noodles with the highest SV, Sert Bugday
and Gediz 75, also had higher WA. Ankara 98, with the lowest SV, had the lowest WA. The Burgaz and Kunduru
cultivars were deemed unfavorable in terms of general acceptability. As a result, we can conclude that Hard Wheat
and Gediz 75 durum wheat flours offer good noodle quality; thus, these varieties can be suggested for making
handmade or commercial noodles.

Keywords: Wheat for pasta, Noodle texture, Cooking quality, Cooking loss
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Birgok iilkenin diyetinin 6nemli bir parcasi olan bugday unu eristelerinin son yillarda popiilaritesi artmustir.
Eristenin ana bileseni bugday unudur; bu nedenle eriste kalitesi bilyiik 6lgiide iiretiminde kullanilan bugdayin
kalitesine baglidir. Bu ¢aligmanin amaci, Tiirkiye'nin Goller Bolgesi'nden temin edilen on farkli yerel durum
bugday1 ¢esidinden (YDB) iiretilen eristelerin kalitesini degerlendirmek ve karsilagtirmaktir. Caligma, YDB
unlarindan yapilan eristelerin nem, kiil, renk, kopma mukavemeti, deformasyon ve tekstiir profil analizi (TPA)
gibi cesitli parametrelerinin 6lgiilmesini icermektedir. Ayrica, eristelerin optimum pisirme siiresi (OPS), pigirme
kayb1 (PK), hacim artis1 (HA), su absorbsiyonu (SA) ve duyusal 6zellikleri degerlendirilmistir. Eristelerin nem ve
kiil degerleri sirastyla %6.76-10.51 ve 2.29-2.77 arasinda, ortalama parlaklik, kirmizilik ve sarilik degerleri ise
87.24,1.26 ve 17.74 olarak bulunmustur. Ak Bugday, Ankara 98 ve Gediz 75 ¢esitleri diger cesitlere kiyasla daha
yiiksek sarilik degerleri gostermistir. Kiziltan91, Cesit1252 ve Ak Bugday cesitleri kirilmaya karst daha fazla
direng gosterirken deformasyon seviyeleri daha diisiik olarak Sl¢iilmiistiir. YDB ¢esitlerinin pismis eristelerin
TPA’leri tizerinde 6nemli etkileri (P<0.01) tespit edilmistir. Sert Bugday ve Kunduru ¢esitlerinin en diisiik OPS
(10.29 dk)’ne, Ak Bugday ve Kiziltan 91 gesitlerinin ise en yiiksek OPS (ortalama 12.48 dk)’ne sahip oldugu
saptanmustir. Pismis eristelerin PK ve HA degerleri sirastyla %7.85 (Ankara 98) ile %10.39 (Sert bugday) ve %110
(Burgaz) ile %259.20 (Sert Bugday) arasinda degismistir. En yiikksek HA na sahip olan Sert Bugday ve Gediz 75
eristeleri ayn1 zamanda daha yiiksek SA’na sahipken en diisiik HA’na sahip Ankara 98 ise en diisiik SA degeri
gostermigtir. Burgaz ve Kunduru cesitleri genel kabul edilebilirlik agisindan en diisiik puanlari almiglardir. Sonug
olarak, Sert Bugday ve Gediz 75 durum bugday: unlar ile yapilan eristelerin daha iistiin kalite 6zellikleri
gosterdikleri belirlenmistir. Bu nedenle, bu cesitler el yapimi veya ticari erigte yapimi i¢in onerilebilir.

Anahtar Kelimeler: Makarnalik bugday, Eriste tekstiirii, Pisme kalitesi, Pisme kaybi
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1. Introduction

Wheat is a major cereal crop, with a global production of around 772 million tons (Anonymous, 2024a). Durum
wheat (Triticum durum or Triticum turgidum subsp. durum) is the tenth most extensively cultivated cereal crop in
the world, with a production of 40 million tons (Saini et al., 2023). Major durum wheat producers the European
Union, Canada, Tiirkiye, Mexico, the United States, Algeria, Morocco, and Kazakhstan. Durum wheat production
of Tiirkiye reached 4.3 million tons in 2023 (Anonymous, 2024b).

Different varieties of durum wheat are cultivated in Tiirkiye and worldwide, owing to variations in growing
circumstances, soil properties, fertilization practices, environmental factors, climate, and genetic factors. The price
of durum wheat is higher than that of bread wheat because it is a more valuable variety of wheat grown in specific
parts of the world. In addition to its economic value, durum wheat is highly valued for its relatively high
concentration of yellow pigments, low levels of lipoxygenase activity, higher protein content, and strong gluten.
Durum wheat is the optimal raw material for manufacturing pasta products, including long and dried short-dried
pasta, fresh and sheeted pasta, macaroni, noodles, and vermicelli. Food products other than pasta, such as couscous,
flat bread (unleavened bread), bulgur, frekeh, durum wheat bread, and a puffed durum wheat ready-to-cat breakfast
cereal are also made from durum wheat (Elias, 1995; Kezih et al.,, 2014; Hammami and Sissons, 2020;
Labuschagne et al., 2023; Saini et al., 2023).

Noodles play an important role in Asian countries' daily diets. On the other hand, their global popularity has
increased since they are easy to prepare, offer appealing sensory qualities, can be stored for a long time, are
inexpensive, and can be cooked quickly and easily (Yazici et al., 2021).

Turkish noodle (eriste), which have made for years, also plays a significant role in Turkish cuisine. Noodles in
Noodle Standard (TS-12950) are defined as a product that is dried, boiled, steamed, or ready for direct consumption
by kneading the dough prepared after adding wheat flour, salt (such as sodium carbonate, potassium carbonate,
and sodium phosphate), egg, and water, and processing it following by technique (TSE, 2003).

Flours from Triticum aestivum and Triticum durum wheat are commonly used in noodle production.
Consequently, product quality depends primarily on the quality of the wheat used. The wheat should be clean and
sound, with a high grain weight, uniform grain size, and hardness (Hou and Kruk, 1998; Yazici et al., 2021). In
Tiirkiye, as in other parts of the world, modern varieties of Triticum aestivum and Triticum durum are generally
used for food production. However, Tiirkiye is one of the first areas where wheat was cultivated, and it is the origin
of the genes that are responsible for the local and ancient wheat varieties that have attracted a great deal of interest
in recent years (Ozkan and Giil, 2024).

Furthermore, in Tirkiye, there is a growing number of Pioneer organizations, farmers, and newly settled
communities that are cultivating local wheat cultivars (Y1ldiz and Ozkaya, 2024). In their study, Durmaz and Aktas
(2023) concluded that local durum wheat varieties showed better characteristics in terms of plant height, thousand
grain weight, peduncle length, biological yield, days to spike and protein ratio when compared to modern breeding
varieties. They also identified numerous local varieties that have the potential to serve as a valuable gene source,
particularly in research aimed at enhancing grain protein content and biological output.

Wheat flour significantly influences the quality attributes of noodles, including their surface appearance,
texture, color, and cooking properties (Nagao, 1996). The primary factors used to evaluate the quality of noodle
flour are the amount of ash, protein content and quality, color, damaged starch content, particle size and
starchiness, and the rheological properties of the dough (Hou and Kruk, 1998). Noodles prepared from flours
containing a significant quantity of damaged starch require a longer cooking time and experience reduced water
penetration. As the quantity of solid substances released into the water during cooking rises, it of sticky noodles
that have undesirable qualities for consumption (Moss et al., 1987). In noodle production, adding 1-2% salt
strengthens the noodle dough and reduces the stickiness of the noodles (Bean et al., 1974).

Based on the most recent data (Anonymous, 2024c), Tiirkiye is the second-largest exporter of pasta in the
world, following Italy. In addition to pasta, Tiirkiye has also started exporting noodles. Both products' exports
have a significant impact on the national economy. Hence, it becomes essential to investigate the suitability of
local durum wheat varieties for noodle production, as well as the technological quality of noodles made from these
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varieties, in order to enhance the overall quality of noodle production. Thus, the purpose of this study was to guide
both domestic and international producers by examining the noodle quality of local durum wheat varieties.

The production of high-quality noodles is only possible with quality durum wheat varieties. Since the
developing noodle sector needs to determine whether or not the varieties that are used in the manufacturing of
pasta are suitable for the production of noodles in Tiirkiye, which is the leading producer of durum wheat in the
world, to our knowledge, there have been no studies on the noodle quality of local durum wheat varieties cultivated
in the Lakes region. Therefore, this study aimed to evaluate the suitability of durum wheat from the Goller Region,
a prominent durum wheat producer in Tiirkiye, for noodle production by conducting noodle quality testing.

2. Materials and Methods
2.1. Materials

10 different local durum wheat samples obtained from Isparta, Burdur, and Afyonkarahisar provinces of the
Lakes Region were used as material. Three varieties, namely Cesit 1252, Gediz75, and Kiziltan91, were acquired
from pasta companies, while the remaining seven varieties, including Ak Bugday, Ankara98, Burgaz, Durbel,
Gokala, Kunduru, and Sert Bugday, were bought from local growers. In order to represent the whole wheat mass,
about 10 kg of local wheat varieties were taken in accordance with the sampling method. These samples were
then put in cotton bags and transported to the laboratory. Next, the impurities included in the wheat samples were
effectively eliminated through the process of sieving and manual removal.

2.2. Tempering and milling of wheat samples

The tempering procedure involved the addition of water in accordance with the specified quantities outlined in
AACC Method 26-95.01 (AACC, 2010), with the aim of reaching a moisture content of 16-17% in the wheat prior
to milling. Cold tempering was carried out at room temperature for 48 hours, with stirring every 5 hours. Following
the completion of the tempering procedure, the wheat samples were then ground into flour using a laboratory-
grade flour milling equipment (Ekin Gida, Ankara). After the milling process, the flours were stored in sealed
packaging at ambient temperature for three weeks to allow maturation.

2.3. Noodle making method

Noodles were made by kneading 500 g of flour, 5 g of salt, and drinking water according to the amount
specified on the farinograph for each type of durum wheat flour for ten minutes in a mixer (Hobart NSOCE model,
Hobart Corporation, USA). The dough was after that divided into 100 g equal portions, manually rolled, and
allowed to rest in plastic bags at ambient temperature for 20 minutes. After resting, the dough was subjected to a
preliminary thinning process with the help of a rolling pin. Subsequently, it was gradually thinned in a household
noodle machine (Imperia, Italy) and kept at room temperature for 5 minutes to prevent sticking, then cut into
noodle strips. The noodles were placed on perforated trays so they did not touch each other and dried at room
temperature for 24 hours. The dried noodles were placed in glass jars and stored in the refrigerator at +4°C until
further analysis.

2.4. Noodle analysis

The noodles' width, length, and thickness were measured using a digital caliper. Noodle samples were also
analyzed for moisture (AACC Method, 44-01.01, AACC, 2010) and ash (AACC Method, 08-01.01, AACC, 2010).
The colors of raw and cooked noodle samples were measured by colorimetry (Minolta CR 410, MinoltaCo Ltd.,
Tokyo, Japan) using Hunter L* (Lightness: Darkness L*=0 black, L*=100 white), a* (redness: +a*= red, - a*=
green) and b* (yellowness: +b*=yellow, -b*=blue) color scales.

2.5. Determination of breaking strength and deformation of dried noodles

Breaking strength (N) and deformation (mm) of individual dried noodle strips were determined on a texture
analyzer (TA.XT Plus, Stable Micro Systems Ltd., Godalming, Surrey, UK) using a 0.8 mm broad blade probe
with a 50 kg load cell and a head speed of 1 mm s™!. The breaking strength of the dried noodles was measured as
the force (kg) required to break each strip of dried noodles.
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2.6. Texture profile analysis (TPA) of cooked noodles

TPA of cooked noodles wasa was performed by using a texture analyzer (TA.XT Plus, Stable Micro Systems
Ltd., Godalming, Surrey, UK) according to Park and Baik (2002), Khatkar, and Kaur (2018) with minor
modifications. The noodle samples were cooked to their OCT, cooled with tap water for one minute, and filtered
through a Buhner funnel. The water remaining on the surface of the noodle strips was gently removed with a paper
towel, placed as a single strip on the table of the texture analyzer, and compressed twice using a 1.27 mm diameter
sphere probe at a head speed of 2 mm s! for TPA. Hardness (g), adhesiveness (g.sec), springiness, cohesiveness,
gumminess, chewiness, and resilience parameters were determined by TPA analysis.

2.7. Determination of optimum cooking time (OCT)

The OCT of the noodles was determined according to the AACC Method, 66-50.01 (AACC, 2010). According
to this method, 10 g of noodle sample was added to 200 ml of distilled water boiling on the heating plate, and
when it began to boil, the time with the help of a stopwatch. The samples were mixed with a glass drumstick in
such a way that they were not damaged, and the loss of water during the analysis was compensated by the addition
of boiling water. At 30-second intervals, a strip was taken and squeezed and crushed between 2 glass plates, and
this process was continued until the white center disappeared in the middle of the noodles crushed between the
glass plates. The time from the start was recorded as the OCT.

2.8. Determination of the cooking loss (CL)

25 g of dry noodles were added into 250 ml of boiling distilled water, the mouth of the beaker was covered
with a watch glass, and the noodles were cooked until their OCT by stirring occasionally. At the end of the OCT,
the beaker's contents were filtered through the Buhner funnel and cooked when the dripping from the funnel
stopped. The noodles were placed back into the cooking vessel, washed with 90 ml of water, stirred gently, and
filtered through the same funnel again. The cooking and washing water were combined, and some water was added
to make the volume up to 350 ml. 50 ml of this mixture was taken into a pre-dried and tared beaker. After
evaporation in a water bath, it was dried to constant weight in an oven at 98°C and weighed (Ozkaya and Ozkaya,
2005).

2.9. Determination of swelling volume (SV)

After the noodles were cooked, drained, and left for a few minutes, they were placed in a 250 ml measuring
cylinder containing 150 ml of water, and the increase in the water level was recorded. The same method was
applied to uncooked noodles. The SV was determined by dividing the water displacement of cooked noodles by
the water displacement of an equal amount of uncooked noodle noodles by the water displacement of an equal
amount of uncooked noodles (Ozkaya and Ozkaya, 2005; Khatkar and Kaur, 2018).

2.10. Determination of water absorption (WA)

25 g of dry noodles were added into 250 ml of boiling distilled water, and the beaker was covered with a watch
glass. The beaker was covered with a watch glass, and the noodles were cooked until their OCT. At the end of the
cooking time, the cooked and drained noodles were weighed after waiting for a few minutes and the water
absorption (weight gain) was calculated in % by taking into account the uncooked weight (Ozkaya and Ozkaya,
2005). The WA is the difference in the weight of cooked noodles versus uncooked noodles, expressed as the
percentage of weight of uncooked noodles.

2.11. Sensory analysis

The noodles cooked to the optimum cooking time and drained were evaluated by 10 panelists using a 5-point
hedonic scale (1 point: I did not like it at all, 5 points: I liked it very much). In sensory analysis, the noodles were
evaluated in appearance (pasty and stick together), odor, mouthfeel, taste/aroma, and overall acceptability.

2.12. Statistical analysis

The data reported are an average of three replications. The data obtained for all measured properties of the
noodle samples were subjected to the Duncan multiple comparison test using analysis of variance (ANOV A) with
the SPSS package program (SPSS 18.0 software for Windows).
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3. Results and Discussion
3.1. Chemical properties of noodles

The moisture and ash content of noodles obtained from LDW flours are given in Table 1. When the mean
values of moisture and ash contents were analyzed, it was determined that there were statistically significant
differences between them (P<0.01).

Table 1. Moisture and ash values of noodles’

Durum Wheat Moisture Ash
Varieties (%) (%)
Ak Bugday 8.16¢ 2,41
Ankara98 7.38° 2.65%®
Burgaz 9.58P 2.69%
Cesit1252 8.83¢ 2748
Durbel 9.53° 2.64%®
Gediz75 8.90¢ 2.77°
Gokala 8.45¢d 2.294
Kiziltan91 6.76f 2.39¢
Kunduru 10.512 2.52b¢
Sert Bugday 8.93¢ 2.50%

"The differences between the values shown with the same letter in the column are
insignificant according to the 0.01 confidence limit.

The moisture content of the noodles ranged from 6.76% in the Kiziltan91 to 10.51% in the Kunduru. The
variations in moisture content among the noodles may be attributed to their different amounts of water absorption.
Water was added to each wheat flour in the noodle production process at the rate specified in the farinograph.
However, all noodles meet the moisture content requirement, as they are below the maximum moisture level of
13% established in the TS 12950 (TSE, 2003) noodle standard. The findings in this study coincide with the results
of Dirim and Kog (2019), which reported the moisture content of regular Turkish noodles as 9.69+0.92%.

The Gediz 75 exhibited the greatest ash value of 2.77%, while the Gokala had the lowest ash value of 2.29%.
The noodle samples were found to be non-compliant with the TS 12950 noodle standard due to their ash values
exceeding the specified ash limit of 1.0% for plain noodles. This is because the grinding process was carried out
in a laboratory-type mill with 4 four rollers (2 crushing and two refining rollers), and the bran-endosperm
separation could not be fully realized. It is possible to produce more refined flour with a reduced ash content and
noodles that meet standards if the milling is done in commercial mills. that probably, the excessive amount of salt
utilized in the preparation of the noodles is another factor that contributed to the high ash content of the noodles.

Although the moisture content of the noodles lined up with the results that were reported in the literature, the
ash content was observed to be greater in comparison to the relevant literature (Eyidemir, 2006; Oztiirk, 2007;
Demir, 2008; Aydin, 2009; Ramya et al., 2015).

3.2. Physical properties of noodles

The noodle doughs were cut by hand into regular sizes after they had been rolled out to the desired thickness.
In light of this, there was no significant variation between the values of the noodles' width, length, and thickness.
The noodles' mean width, length, and thickness were measured as 6.02+0.02, 120.27+0.37, and 1.55+0.04,
respectively.

3.3. Colors of raw and dried noodles

Color (L*, a*, b*) values of raw and dried noodles obtained from durum wheat flours are given in Table 2.
There was a statistically significant difference between the color values of noodles (p<0.01). The raw nodules
obtained from the Ak bugday variety had a brighter color to the other types, which aligns with the wheat's name
(Ak bugday=White Wheat). Conversely, the noodles produced from the Gediz 75 type had the lowest brightness
level. As the noodles lost water with drying, the samples became slightly dull and yellow. Compared to the
remaining noodles, the Kunduru noodles had a higher water content, resulting in a diminished intensity of the
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yellow color. This can probably be attributed to the high water activity of the Kunduru sample. Due to the fact that
there is an inverse correlation between the amount of water activity and the Hunter b levels. Specifically, the
Hunter b values declined as water activity increased (Rhim and Hong, 2011).

Table 2. Colors of raw and dried noodles’

Durum Wheat Raw Dried
Varieties L* a* b* L& a¥ b*
Ak Bugday 92.722 2.12° 16.254 88.42° 2.18° 20.50°
Ankara98 91.82¢ 1.05¢ 14.118 89.09° 2.17° 21.38*
Burgaz 90.37¢ 1.26° 16.74¢ 83.88h 0.33¢8 18.19°
Cesit1252 91.134 1.28¢ 14.02¢ 86.31F 0.84¢ 16.18°
Durbel 91.09¢ 1.44° 17.53° 87.28° 1.02¢ 17.94¢
Gediz75 89.61F 1.44° 19.412 85.548 1.06¢ 20.51°
Gokala 92.20° 1.44° 13.74h 88.01¢ 1.42¢ 15.68°
Kiziltan91 92.26° 1.42° 14.65f 89.732 1.81° 15.50°
Kunduru 90.56° 1.29¢ 15.74¢ 87.734¢ 0.72f 14.45f
Sert Bugday 91.19¢ 1.31¢ 15.84¢ 86.39f 1.004 17.104

'The differences between the values shown with the same letter in the same column are insignificant according to 0.01 confidence limit.

One of the main criteria in evaluating the quality of durum wheat is the bright yellow color exhibited by pasta
products, compared to their cooking characteristics and flavor (Aalami et al., 2007). Upon evaluating the impact
of the tested durum wheats on the yellow color values of noodles, it was determined that the Ak Bugday, Ankara
98, and Gediz 75 varieties exhibited higher yellowness values than the others. Consequently, these varieties can
be utilized in both pasta and noodle production. Besides this, it can be inferred from the high yellow color value
that these kinds also have a high carotenoid content. The biological and nutritional value of grains with high levels
of carotenoid pigments is enhanced by their provitamin activity, specifically vitamin A, as their antioxidant activity
(Malchikov and Myasnikova, 2020).

The Ankara98 and Akbugday noodles had a higher level of redness, as indicated by the a* value, in comparison
to the other kinds. L*, a* and b* values of flours and noodles produced from these flours exhibit variation among
different durum wheat cultivars, which can be attributed to the influence of environmental factors on kernel
development. Similar to our results, L, a and b values of flours obtained from different Indian durum wheat
varieties were reported (Kaur et al., 2015) to range from 90.92 to 92.25, 0.30 to 0.73 and 13.66 to 17.50,
respectively.

3.4. Breaking strength and deformation of dried noodles

There were statistically significant differences (p<0.01) between the breaking stress and deformation values of
the noodles (Table 3).

Table 3. Breaking strength and deformation of dried noodles’

Durum Wheat Breaking stress Deformation
Varieties (kg mm?") (mm)
Ak Bugday 4.98* 32.44¢
Ankara98 4.37° 32.90%
Burgaz 3.78b¢ 33.06%
Cesitl1252 3.53¢ 33.83
Durbel 3.06¢ 34.86¢
Gediz75 2.35¢ 35.08"
Gokala 1.53f 36.28®
Kiziltan91 0.88¢ 36.31%
Kunduru 0.78¢ 36.952
Sert Bugday 0.468 37.022

' The differences between the values shown with the same letter in the same column are
insignificant according to the 0.01 confidence limit.
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The breaking stress values of the noodles were observed to vary between 0.46 kg mm*! (Kunduru) and 4.98
kg mm?! (Kiziltan 91). An inverse relationship was found between breaking stress and deformation. The samples
displaying high breaking stress demonstrated low deformation values, whereas the samples with low breaking
stress had high deformation values. Due to the fact that noodles are dried foods, they have a very long shelf life.
However, this may cause breakage in the noodle during storage, transportation and sale. For this reason, it is
desirable that the noodles have a firm and break-resistant texture. Hence, it can be suggested that Kiziltan91,
Cesit1252, and Ak Bugday cultivars having higher breaking resistance but lower deformation value is better
appropriate for the production of noodles and pasta.

3.5. TPA of cooked noodles

Textural characteristics, such stickiness and firmness, play a crucial role in determining the quality of cooked
pasta. A good pasta should maintain its firm structure, resist surface disintegration, and provide a satisfying chewy
bite (Cubadda et al., 2007). TPA results of noodle samples are given in Table 4. The Gediz 75 noodle presented
the highest hardness value, at 528.01 g. Following closely behind were Burgaz, Kiziltan91, Cesit 1252, and Sert
Bugday noodles, with hardness values of 510.85, 507.84, 507.74, and 505.64, respectively. Conversely, the
Kunduru variety exhibited the least hardness, measuring 387.39 g. In contrast to the findings of our research, the
firmness values of Indian durum wheat varieties were found to be lower (ranging from 2.33 to 4.31 N) in a study
carried out by Kaur et al. (2015). The fact that the environment in which wheat is grown plays a significant role in
determining the quality of noodles is demonstrated by this difference. The hardness of fresh cooked noodles is
influenced by various elements, such as starch, damaged starch, protein, and moisture content (Tang et al., 2019).
Hardness is negatively correlated with an increase in moisture content. As in the Kunduru example, the noodles
showed a softer structure as the moisture content increased.

Table 4. Texture profile analysis of cooked noodles’

Durum - rdn Adhesiven

Wheat araness Springiness Cohesiveness Gumminess Chewiness Resilience estveness
Varieties (® (g-)
Ak

. 419.51¢ 0.97% 0.69° 295.30¢ 287.38¢ 0.53% 6.65¢

Bugday
Ankara98 453.10¢ 0.96% 0.712 317.13¢ 305.47¢ 0.50% 11.95¢
Burgaz 510.85° 0.97% 0.69* 335.37° 327.48° 0.41° 8.04¢
Cesit1252 507.74° 0.96 0.66° 302.184 290.29¢ 0.47% 10.83¢
Durbel 444 .87° 1.16* 0.69° 334.94° 396.217 0.59* 6.83°
Gediz75 528.012 0.69% 0.69° 357.36* 346.46° 0.49% 9.164
Gokala 452.56° 0.75% 0.75° 347.74% 333.90° 0.59* 12.37¢
Kiziltan91 507.84° 0.74% 0.74* 346.222 327.75° 0.59* 18.94%
Kunduru 350.38¢ 0.700 0.70* 271.53¢ 264.70° 0.48% 7.864
Ser:[ 505.64° 0.66° 0.66° 320.67°¢ 300.17°¢ 0.39% 23.79*
Bugday

The differences between the values shown with the same letter in the same column are insignificant according to 0.01 confidence limit.

The Durbel variety displayed the lowest springiness value of 0.66, while the hard wheat variety displayed the
highest springiness value of 1.16. There was no significant difference in the cohesiveness of the noodles. In the
case of gumminess, Kunduru has shown the lowest value (271.53), while Gediz 75 (357.36), Gokala (347.74), and
Kiziltan 91 (346.22) have shown higher values for gumminess. Chewiness varied between 396.21 and 264.70. The
chewiness of the Kunduru sample was found to be the lowest. The resilience of the noodles varied only slightly.
The noodle samples of the Ak Bugday variety had the lowest adhesiveness (g.s.) compared to the noodle samples
of the Sert Bugday variety, which had the maximum adhesiveness. The cohesiveness, springiness, chewiness and
adhesiveness results are by those reported by Kaur et al. (2015).

3.6. Cooking quality of noodles

Cooking quality is the primary characteristic consumers value greatly in durum wheat pasta and noodles. Table
5 presents the OCT, CL, SV, and WA of noodles. Statistical differences were found between the OCT of noodles
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(p<0.01). When the OCT of the noodles obtained from durum wheat flours was analyzed, it was observed that Sert
Bugday and Kunduru varieties had the lowest value (10.29 min). In comparison, Ak Bugday and Kiziltan 91
varieties had the highest values (12.49 min) and (12.47 min), respectively. These OCTs are higher than those
reported (Kaur et al., 2015) for the noodles prepared from Indian durum wheat flour. The difference in the OCTs
of LDW flour noodles can be attributed to genetic and environmental factors.

Table 5. OCT, CL, SW, and WA noodles’

Durum Wheat OCT CL SV WA
Varieties (Min) (%) (%) (%)
Ak Bugday 12.492 8.12¢d 190.37bed 149.62%f
Ankara98 12.19° 7.854 110.00¢ 130.852
Burgaz 11.184 8.49bcd 150.004 139.891
Cesitl1252 11.244 8.76b4 218.50% 174.32°
Durbel 11.87° 8.32¢d 200.00° 150.65%
Gediz75 11.454 9.602° 232.57% 184.02°
Gokala 11.234 8.51bcd 196.67% 160.70°
Kiziltan91 12.472 8.57bcd 170.00¢ 149.07¢f
Kunduru 10.87¢ 9.21%¢ 152.20¢ 159.23¢d
Sert Bugday 10.29¢ 10.392 259.20° 189.01%

1The differences between the values shown with the same letter in the same column are insignificant
according to 0.01 confidence limit.
2; OCT: Optimum cooking time, *CL: Cooking loss, “SV: Swelling volume, SWA: Water absorption

The CL is widely recognized as a significant determinant of pasta quality, exerting a notable influence on
consumer approval. The significant cooking loss indicated a limited cooking tolerance and excessive stickiness of
noodles, which is generally undesirable in noodle production. The CL values exhibited a range of 7.85 to 10.39%.
The Ankara 98 noodle had the lowest CL, whereas the Sert bugday noodle demonstrated the highest CL. The
Turkish noodle standard (TS 12950, TSE, 2003) states that the quantity of substance that should be lost during
cooking, also known as CL, should not exceed 10%. In light of this, all other types of noodles, except Sert Bugday
noodles, are by the standard in terms of CL. It is desirable that the amount of substances that pass into the water
in the noodles be low and that the noodles keep their shape without falling apart during cooking. Thus, it can be
concluded that all types of noodles, except Sert Bugday, exhibit favorable qualities about this characteristic.
However, lower CL 6.0 to 6.7% and 5.65 to 7.10% were reported by Abuhammad et al. (2012) and Evlice (2022),
respectively, for durum wheat pasta. Meanwhile, Deng et al. (2017) reported similar CL results (ranging from 8.9
to 10.7%) for whole wheat spaghetti among the 36 durum genotypes. The observed disparity in CL can be
attributed to variations in the quantity and quality of gluten in durum wheat varieties. A negative correlation exists
between the firmness of the noodles and the quantity of substances released into the water during the cooking
process (Petitot et al., 2010). The variations in nature, genotype, quantity, and quality of gluten proteins and the
drying process could account for the disparities observed in our study.

A large volume increase in noodles while cooking is desirable. A low volume increase value means the noodles
absorb little water during cooking, resulting in a complex product (Bhattacharya et al., 1999). Significant statistical
differences were observed in the SV of the noodles (p<0.01). The SV values showed a range from 110% (Burgaz)
t0 259.20% (Sert Bugday). According to quality assurance laboratories of numerous noodle manufacturers, a high-
quality noodle must absorb an adequate amount of water throughout the cooking process in order to achieve a
minimum mass gain of 100% (Hatcher, 2010). Therefore, based on the fact that all of the studied noodles had a
SV exceeding 100%, we can infer that it is feasible to manufacture high-quality noodles using all durum wheat
varieties investigated in our study. Dirim and Ko¢ (2019) found a considerably greater SV (267.50%) in
comparison to our study. The variations in Turkish noodle formulas could be the cause of the discrepancies in the
results. The presence of eggs in noodle production may affect the volume increase. By incorporating eggs into the
noodle formulations examined in our study, it is potentially possible to produce noodles with an increased SV,
mainly due to the fact that the addition of egg albumin protein enhances the cooking quality of noodles, ensuring
a firm texture and reinforcing the network that retains the starch while cooking (Khouryieh et al., 2006).
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Regarding the WA, the values varied between 130.85 and 189%. Simultaneously with the SV, the Sert Bugday
and Gediz 75 noodles, which had the highest SV, showed more WA. Conversely, the Ankara 98, which had the
lowest SV, revealed the lowest WA. WA is influenced by factors such as wheat's protein content and cooking time.
Nevertheless, certain writers have reported water absorption levels comparable to or greater than the data we
obtained. For instance, pasta samples prepared from 24 durum wheat genotypes (Evlice, 2022) showed values
ranging from 197 to 274%, higher than ours. Differences in WA values can be attributed to variations in genotypes
and disparities in the methods of noodle and pasta production and drying. WA, which refers to the percentage
increase in weight during cooking, is a crucial factor for noodle manufacturers when selling noodles that are either
parboiled or fresh. A noodle that can absorb a more significant amount of water during a specific cooking period
while still retaining its desired textural qualities will be considered a more attractive and more profitable product
(Hou et al., 1998). Based on this, we can conclude that Sert Bugday and Gediz 75 durum wheat flours, with their
high WA and SV, offer good noodle quality and have significant potential for use in fresh noodles.

3.7. Sensory analysis of noodles

The findings obtained as a result of sensory evaluation of the noodle samples by the panelists are given in
Figure 1.

Appearance —@— NI
45 &

— N2

N3

N4

—@—N5
—0— N6

Odor ——N7
—0Q— N§
—@— N9
—@—N10
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Figure 1. Sensory ratings for the noodles
NI1: Ak Bugday, N2: Ankara98, N3: Burgaz, N4: Cesit1252, N5: Durbel, N6:Gediz75, N7: Gokala,
N8:Kiziltan91, N9: Kunduru, N10: Sert Bugday

Upon comparing the samples based on their appearance, it was found that the Burgaz variety had the lowest
value of 2.40, followed by Kunduru with a value of 2.50. However, there was no significant statistical difference
between the two. Conversely, the Kiziltan 91 variety had the greatest appearance value of 4.50. The low appearance
values of the noodle samples made from the flours derived from Burgaz and Kunduru wheat varieties can be
attributed to fragmentation, an undesirable outcome that occurs during the cooking process. The noodles made
from Variety 1252, Durbel, and Ak Bugday flours were the most preferred in terms of odor. Durbel achieved the
highest grade in mouthfeel, while Burgaz and Kunduru obtained low scores in this aspect. The kind of white wheat
was the most favored in terms of taste. The Burgaz and Kunduru cultivars received low ratings in terms of overall
acceptability. There was no significant disparity in the overall acceptability ratings of other variants.

According to TS 12950, noodles should have a unique taste, smell, and color before and after cooking.
Additionally, they must be devoid of bitter, sour, moldy, or any foreign tastes. Furthermore, noodles should be
free from visible foreign matter and odors and not be dirty or damaged (TSE, 2003). This led to the conclusion
that except Kunduru and Burgaz, other tested varieties can produce noodles that meet TSE standards.

1196



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(5)

4. Conclusions

Durum wheat products have been experiencing increasing demand around the world. Noodles are one of these
products. Wheat flour is the primary raw material for Turkish noodles (eriste). Therefore, it is important to study
the suitability of locally grown Durum wheat varieties for noodle production to facilitate the growth of the noodle
industry and enhance both domestic and international trade. Based on this, some physical, chemical, and
technological qualities of local durum wheat varieties grown in the Lakes Region of Tiirkiye were revealed (results
are not given within the scope of this study), and noodle quality was tested by making noodles.

Consequently, it was concluded that the flours derived from Sert Bugday and Gediz 75 wheat varieties
exhibited favorable protein content, grain hardness, grain size, wet gluten, and gluten index values (specific results
of these values were not provided in this study). Additionally, the noodles made from these flours demonstrated
an excellent volume increase and water absorption values, offered good noodle quality, and had significant
potential for use in Turkish noodle (eriste) production. However, further studies can be conducted to determine
whether these varieties are suitable for using other durum wheat products, such as pasta.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Trakya Bolgesi Dogal Florasindan Toplanan Onemli Baz1 Ucgiil (Trifolium spp.)
Tiirlerinin Verim Unsurlar ve Kalite Ozelliklerinin Belirlenmesi*

Determination Yield and Yield Components of Some Important Clover (Trifolium spp.)
Species Collected from Thrace Region Flora

Emre ibrahim DUMAN!, Adnan ORAK?"

Oz

Bu arastirmada Tekirdag kosullarinda Tekirdag Namik Kemal Universitesi Ziraat Fakiiltesi Tarla Bitkileri Béliimii
deneme ve uygulama arazisinde, 2020-2021 déneminde iki yillik siire ile yiiriitiilmistiir. Trakya Bolgesi Dogal
Florasindaki Ucgiil (Trifolium L.-Fabaceae) Tiirlerinin Taksonomisi, Dagilimi, Fenolojik, Morfolojik ve Bazi
Kimyasal Ozellikleri isimli TUBITAK (119 O 950) projesi ¢ergevesinde yiiriitiilen calismada toplanan farkli {iggiil
tiirleri materyal olarak kullanilmustir. ilk y1l belirlenen bitki boyu, sap capi, bitkide kémeg says1, bitki yesil ot ve
kuru ot verimleri degerlendirilerek belirlenen 6 farkl: tiire ait (T. repens, T. nigrescens, T. constantinopolitanum,
T. pratense, T. striatum ve T. lappaceum) 32 farkli genotip materyal olarak kullamlmustir. Tkinci y1l tesadiif
bloklarinda faktoriyel deneme desenine gore, 3 m uzunlugundaki parsellere 75x75cm olarak her tiirden en az 5
bitki olacak sekilde, 8 bitki koklii olarak sagirtilmistir. Damla sulama sistemi ile dikim sonrasi sulama yapilmistir.
Bitkilerin ihtiya¢ duydugu nisan-eyliil aylari arasinda 6 aylik donemde sulamaya devam edilmistir. Arastirmanin
ilk yilinda yapilan degerlendirmede en diisiik ve en yiiksek veriler bitki boyunda 9.00- 64.67 cm, sap ¢apinda 0.47-
2.57 mm, bitkide kdmeg sayis1 6.33-67.67, bitki yesil ot verimi 19.70-624.00 g, bitki kuru ot verimi 3.37-138.36
g olarak belirlenmistir. Arastirmanin ikinci yilinda tekerriirlii olarak sasirtilan bitkilerin sinir degerleri; bitki
boyunda 9.77-24.78 cm, sap ¢apinda 0.50-1.82 mm, bitkide kome¢ sayisinda 12.40-145.17 adet, bitki yesil ot
veriminde 85.77-2006.50 g, kuru ot veriminde ise 39.90-555.56 g olarak belirlenmistir. %50 c¢iceklenme
doneminde bigilen ticgiil tiirlerine ait genotiplerde kimyasal analiz sonuglarina gore; ham protein orani %11.87-
18.85, ham seliiloz oram1 %20.80-28.33, ham kiil oram1 %6.95-10.37, ADF %31.07-42.78, NDF %42.58-55.69
arasinda degisim gostermistir.

Anahtar Kelimeler: Ana sap uzunlugu, ADF, NDF, Ham seliiloz, Kémeg¢ sayisi, Protein orani, Trifolium sp., Sap ¢ap1
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Abstract

This research was conducted under Tekirdag conditions in the trial and application field of Tekirdag Namik Kemal
University Faculty of Agriculture Field Crops Department for a two-year period in the 2020-2021 years. Different
clover species collected were used as material in the study carried out within the framework of the TUBITAK (119
0 950) project titled Taxonomy, Distribution, Phenological, Morphological and Some Chemical Characteristics
of Clover (Trifolium L.-Fabaceae) Species in the Natural Flora of the Thrace Region. Plant height, stem diameter,
number of head per plant, fresh forage yield and hay yield per plant were evaluated in the first year for 6 different
species (T. repens, T. nigrescens, T. constantinopolitanum, T. pratense, T. striatum and T. lappaceum). 32
different genotypes were used as material. In the second year, clover genotypes were planted according to the
randomized block design with three replications to different parts of the trial area. At least five plants of each type,
8 plants with roots were transplanted on 04.08.2021 in 3 m long parcels prepared in factorial order, 75x75cm.
Irrigation was done after planting with a drip irrigation system. Irrigation was continued during the 6-month period
between April and September when the plants needed it. In the evaluation made in the first year of the research,
the lowest and highest data were determined as 9.00-64.67 cm in plant height, 0.47-2.57 mm in stem diameter,
number of flower structure per plant 6.33-67.67, fresh forage yield per plant 19.70-624.00 g, dry forage yield per
plant 3.37 -138.36g. Clover genotypes were transplanted with three replications in the second year of the research,
limit values of clover sp. characters were determined individually. The plant height was determined as 9.77-24.78
cm, the stem diameter was 0.50-1.82 mm, number of flower structure per plant was 12.40-145.17 units, fresh
forage yield per plant was 85.77-2006.50 g, and dry forage yield per plant changed between was 39.90-555.56 g.
According to the results of chemical analysis of genotypes of clover species harvested during the 50% flowering
period; Crude protein ratio varied between 11.87-18.85%, crude cellulose ratio 20.80-28.33%, crude ash ratio
6.95-10.37%, ADF 31.07-42.78% and NDF was determined as 42.58-55.69%.

Keywords: ADF, NDF, Crude cellulose, Main stem length, Protein, Stem diameter, Trifolium sp., Number of head per plant
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1. Giris

Tarimda kullanilan yem bitkileri sinirli sayida olsa da yapilan inceleme ve aragtirmalar birgok yem bitkisinde
iistlin 6zelliklere sahip tiirlerin tilkemizin farkli bdlgelerinde dogal olarak bulundugunu gostermistir (Algan ve
Bakar Biiyiikkartal, 1999). Hayvan beslemede kaliteli kaba yemin protein igeriginin yiiksek olmas1 arzu edilir.
Protein orani yiiksek olan baklagil yem bitkilerinde kurak dénemlerde kdkiin yiiksek oranda olumsuz etkilendigi
ve verim potansiyelinin azaldig1 bilinmektedir (Beyaz, 2023). Kaba yem kaynag1 olarak nemli yere sahip ¢ayir
mera alanlarinda yer alan bazi yabani tiirler, dogast geregi hem erkenci olup hem de tohum olgunlastirma
doéneminde yesil aksamlarini koruyabilmektedirler. Mera alanlarinin giderek azalmasi ile kaliteli kaba yem
kaynag olarak yem bitkilerinin dnemi artmistir.

Meralarda diger tiirlerin gelismesinden en az bir ay 6nce otlatma ve bigim zamanina gelen yabani tiirlerin
ozellikle klimaks bitki tiirlerini kaybetmis bu tiir meralarda kisa siirede yetistirilmeleri zordur. Ciinkii otlatma
mevsimi i¢inde yogun otlanan tiirler arasinda yer almaktadir. Bu tip alanlarda 6ncelikle toprak 6zelliklerini
iyilestiren, hizli gelisen ve adaptasyon kabiliyeti yiliksek tek yillik bitkilerin yetistirilmesi 6nemli fayda
saglayacaktir (Tiikel ve ark., 1999). Yabani tliggiil tirleri hizli gelismeleri, adaptasyon kabiliyeti ve besin degerinin
yiiksek olmasi ile kisa siireli rotasyon meralarinin tesisinde oldugu gibi mevcut meralarin vejetasyonuna da dnemli
katkilar saglayacak yapiya sahiptir. Uggiiller 1iman kusagmn nemli ve serin bélgelerinde dogal olarak yayilis
gostermektedirler. Genellikle ince sapli ve bol yaprakli olarak bulunan iicgiiller yiiksek besleme degerine
sahiptirler. Tek yillik 6zellige sahip T. constantinopolinatum, T. striatum, T. pallidum ve T. nigrescens Trakya
bolgesi dogal florasinda yetisen yabani tiirler arasinda bulunmaktadir. Ulkemizde tarimi yapilan T. pratense ve T.
repens ¢ok yillik, T. resupinatum ve T. alexandrinumtek yillik olan ve farkli 6zellikleri ile 6nem kazanan tiirlerdir.

Sulu kosullarda ve yagish bolgelerde iyi gelisen ¢ayir iicgiilii ABD, Kanada, Orta ve Bat1 Asya, Yeni Zelanda
ve ozellikle Avrupa’da yetistirilmektedir. Genel olarak nemli ve serin iklime sahip bolgelerde giizel gelismektedir.
Trakya bolgesinin floras1 dzellikle bitki 1slahi igin gen merkezi konumundadir (Nizam ve ark., 2022). Onemli
baklagil yem bitkileri arasinda yer alan ¢ay1r ii¢giilii dik gelismekte 59.0-61.30 cm boylanabilmektedir (Leto ve
ark., 1998). Cayir tliggiilii tek basima ekildiginde 500-700 kg/da arasinda kaliteli kuru ot verimi elde edilmektedir
(Ozyazic1 ve Manga, 1997). Tomurcuklanma déneminde yapilan bicimlerde %21-23, tam ¢iceklenme déneminde
yapilan bicimlerde ise %12-14 oraninda ham protein igerir (Geren ve ark., 2009).

Ak tiggiil (Trifolium repens L.), diinya genelinde genis bir yayilis alan1 gosteren, genellikle otlatma amaciyla
kullanilan, besleyici degeri oldukga yiiksek olan gok 6nemli bir baklagil yem bitkisidir. Yatik gelismesi ve stolonlu
yaptya sahip olmasi nedeniyle, otlatma ve ¢ignenmeye karsi oldukc¢a dayanikli olan ak iiggiil, yem bitkisi
iiretiminde vazgecilemez bir yere sahiptir (A¢ikgdz, 2001; Acar ve Ayan, 2012). Konu ile ilgili yapilan
aragtirmalarda ak tiggiiliin 6nemli diizeyde c¢esitlilik gosterdigi ifade edilmistir (Gustine ve ark., 2002; Zhang ve
ark., 2010). Ak igcgiil bitkisinin genetik olarak ¢esitlilik géstermesi sonucu, ¢esit gelistirme amagli 1slah
calismalarinda bu ¢esitlilikten faydalanildigi ve verim, kalite ve dayaniklilik diizeyinde basarili sonuglar alindigt
belirtilmektedir (Zhang ve ark., 2010). Tiirlere bagh olarak degisen ana sap uzunlugu cayir liggiiliinde ortalama
20-50 c¢m, iken ak ti¢giilde 5-30 cm olarak saptanmustir (Gengkan, 1983). Samsun’da yiiriitiilen bir arastirmada ise
ana sap uzunlugu cay1r liggiilii ve ak {iggiilde sirastyla 70-85 ve 25-40 cm olarak belirlenmistir (Basaran ve ark.,
20006). Stolonlu ve yatik gelisme 6zelligine sahip ak iiggiil siiriiniicii tiptedir. Bitkide komeg¢ sayismin 10-15 adet
olarak belirlendigi (Norris, 1987) ak ii¢giilde 2,5 mm ¢apa sahip olan sap (Prigge ve Gibson, 2007) 20cm’ye kadar
uzamaktadir (Geren ve ark., 2009). Diger 6nemli tiir Trifolium nigrescens dogal olarak 60 cm boylanabilen dik
veya yatik olarak gelisme gostermektedir. Ak tggiiliin (Trifolium repens L.) kuru otundaki protein igerigi;
tomurcuklanma donemi i¢in %22.4, ilk ¢igeklenme doneminde %21.1, %30 ¢igeklenme doneminde %18.7, %65
ciceklenme doneminde %15.9 ve tam ¢igeklenmede %14.9 olarak dl¢iilmiistiir (Ahlgren, 1956). Samsun'da yapilan
bir arastirmada ak iicgiilde ham protein oran1 %17.1 olarak tespit edilmistir (Acar ve Onal Asci, 2006).

Yel tiggiilii (Trifolium nigrescens) dogal olarak Avrupa’da yayilis gosterir. Gévde dik ya da yatik sekilde
geligir, 60 cm’ye kadar boylanabilir. Cigekler pembe ila beyaz, zamanla kahverengi siyah renklidir. Sulak alanlar,
tahrip edilmis araziler ve caliliklarda goriiliir. Mart-Ekim aylarinda gigeklenme goriiliir. 0-1600 metre arasi
yiiksekliklerde goriilebilir (Anonim, 2021). Bigilen taban meralarda, Trifolium repens ve Trifolium nigrescens gibi
baklagil tiirlerinin yaygin oldugu belirlenmistir (Sen, 2017).
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T. striatum 50 cm boylanabilen tek yillik, yogun tiiylii goriiniimde, yatik veya dik gelisen tiggiil tiirii olarak
belirlenmistir. Ugkulak iiggiiliiniin (T. constantinopolinatum) 15-35 cm boylandig1 tek yillik ve dik gelisme
ozelligine sahip tiir oldugu belirlenmistir.

Tek ve ¢ok yillik 6zellige sahip farkli ii¢giil tiirlerinin 6zelliklerinin degerlendirilmesinde birbirlerinden farkli
ozelliklere sahip olduklari anlagilmaktadir. Trakya bolgesi dogal florasinda yabani {iggiil tiirlerinin farklh
ozelliklerinin saptanmasi amaci ile yiiriitilen TUBITAK (1190950) projesi gergevesinde toplanan iicgiil
genotiplerinin bir boliimii materyal olarak kullanilmistir. Yiiksek lisans caligmasi olarak tezi olarak yiiriitiilen
boliimde bes farkl: iicgiil tiiriine ait genotiplerin ot verimi ve verim 6zelliklerinin belirlenmesi amaglanmistir.

2. Materyal ve Metot

Arastirmanin Tekirdag Namik Kemal Universitesi Ziraat Fakiiltesi Tarla bitkileri Boliimii Deneme ve Uygulama
Alaninda 2 yil siire ylirtitiilmiistiir. Arastirmanimn yiiriitiildiigii deneme ve uygulama alaninin 6nemli bazi iklim
ozellikleri Tablo 1°de, toprak 6zellikleri Tablo 2°de verilmistir.

2.1. Arastirma yerinin iklim ve toprak ozellikleri
Tablo 1. Deneme alanina ait iklim verileri

Table 1. Climatic data of the experimental area

Ortalama Sicaklhik (°C) Toplam Yagis (mm) Nem (%0)

Aylar 2020 Uzun Yillar 2020 Uzun Yillar 2020 Uzun Yillar
Eyliil 23.1 20.7 13.7 441 66.9 74.1
Ekim 18.2 16.1 50.6 78.9 76.2 80.9
Kasim 11.6 11.5 11 60.9 84.7 82.9
Aralik 10.1 7.2 35.9 78.4 88.5 83.0
Aylar 2021 Uzun Yillar 2021  Uzun Yillar 2021 Uzun Yillar
Ocak 7.8 5.2 123.5 58.6 85.7 83.3
Subat 7.3 5.8 48.8 61.1 82.4 81.3
Mart 7.0 51 45.2 52.2 83.4 80.4
Nisan 10.7 12.0 49.0 414 82.1 78.2
Mayis 10.5 17.1 57.6 38.4 73.2 76.7
Haziran 20.8 21.7 53.3 394 81.8 73.8
Temmuz 25.8 244 3.4 27.4 69.6 70.1
Agustos 25.7 24.8 23.4 16.4 69.5 70.7
Eyliil 20.6 20.7 5.3 44.1 69.1 74.1
Ekim 15.3 16.1 11.0 78.9 76.9 80.9
Kasim 12.6 115 50.2 60.9 76.8 82.9
Aralik 9.0 7.2 60.2 78.4 76.2 83.0
Aylar 2022 Uzun Yillar 2022  Uzun Yillar 2022 Uzun Yillar
Ocak 54 5.2 23.3 58.6 74.0 83.3
Subat 6.5 5.8 63.8 61.1 79.3 81.3
Mart 5.2 51 9.5 52.2 715 80.4
Nisan 12.7 12.0 70.6 414 74.3 78.2
Mayis 16.9 17.1 15.7 38.4 75.2 76.7
Haziran 22.5 21.7 325 394 745 73.8
Temmuz 24.3 24.4 15 27.4 68.8 70.1
Agustos 25.6 24.8 36.2 16.4 745 70.7
Eyliil 215 20.7 8.1 441 67.9 74.1
Ortalama 14.6 - 78.0
Toplam - 597.2 -

*(Anonim, 2020, 2021, 2022), (*1949-2022" arasini kapsamaktadir)

Aragtirmanin yiiriitiildigii deneme alani topragy, killi tinli yapida organik madde igerigi %1.5 dolayindadir.
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Tablo 2. Deneme alanina ait toprak baz ozellikleri

Table 2. Some soil properties of the experimental area

Parametre Birim 2018-2019 2019-2020
pH 7.55 7.08
Tuz % 0.02 0.02
Kireg % 0.63 0.60
Organic Madde % 1.63 1.30
Toplam Azot (N) % 0.11 0.07
Fosfot (P) ppm 8.40 10.70
Potasyum (KO) ppm 290.73 154.50
Kalsiyum (Ca) ppm 3571.40 3653.00
Magnezyum Mg) ppm 116.48 489.10
Demir (Fe) ppm 7.00 22.30
Bakir (Cu) ppm 1.60 1.83
Cinko (Zn) ppm 0.90 1.00
Mangan (Mn) ppm 19.58 74.37

*(Anonim, 2020,2021)
2.2 Materyal

Bu arastirmada “Trakya Bolgesi Dogal Florasindaki Ucgiil Tiirlerinin Taksonomisi, Dagilimi, Fenolojik,
Morfolojik ve Baz1 Kimyasal Ozellikleri” isimli 1190950 numarali TUBITAK projesinin ilk yilinda (2020) toplanan
ve verim potansiyeli yiiksek olan tiirler arasinda yer alan 32 farkli {i¢giil genotipi materyal olarak secilmistir. Uggiil
genotiplerinin tiirli, toplandig1 yer ve koordinatlar1 Tablo 3’te verilmistir.

2.3 Metot

Aragtirmanin ilk yilinda (2020) nisan-temmuz doneminde 4 ay siire ile yabani {iggiil tiirlerine ait tohumlar
toplanmis, 18 Ekim 2020°de sira arasi 5 m uzunlugundaki iki siraya 75 cm sira {izeri, 75 cm sira arasi mesafe ile
ekilmistir. Yabani liggiil tiirlerinden verim ve verim dzellikleri (Ana sap uzunlugu, sap ¢api, bitki kdmeg sayisi, bitki
basina yesil ve kuru ot verimleri) basit istatistiki analiz sonuglar1 dikkate alinarak belirlenen 37 farkli genotip
belirlenmistir.

Aragtirmanin ikinci yilindaki c¢aligma (2021) tesadiif bloklari deneme desenine gore 3 tekerriirlii olarak
yiirtitiilmiistiir (Diizgiines ve ark., 1987). Her parsel 3 m uzunlugunda olup, sira arasi ve tizeri 75 c¢cm olarak, her
genotipten 8 bitki olacak sekilde kokli olarak 04.08.2021 tarihinde dikim yapilmistir. Bitki gelisimleri 15 giin siire
izlenmis, kuruyan 6rneklerin yerine normal geligen bitkiler dikilerek sayilari tamamlanmustir. 2021-2022 déneminde
1 yil siire ile ana sap uzunlugu, sap ¢api, bitkide kdmeg sayisi, bitki bagina yesil ve kuru ot verimleri belirlenmistir.

Damla sulama sisteminin kuruldugu parsellerde dikimden sonra sulama yapilmis ve bitkinin ihtiyag duydugu nisan-
eyliil aylar1 arasinda kurak gecen alt1 aylik periyotta sulamaya devam edilmistir. Sulama, zaman ayarli sistemle 20°ser
dakikalik siirelerde geceleri yapilmistir. Elde edilen sonuglara ait varyans analizleri MSTAT programi ile yapilmus,
genotipler arasindaki farklar ile interaksiyonlarin énemliligi test edilmistir. Asgari 6nemli fark (LSD %5) ile hat ve
konu ortalamalar1 karsilastirilarak gruplandirtlmastir.

3. Arastirma Sonuclari ve Tartisma
3.1. Ucgiil genotiplerinin verim ve verim unsurlari

1190950 numarali TUBITAK projesinin ilk y1linda (2020) toplanan ve verim potansiyeli yiiksek olan tiirler arasinda yer
alan 32 farkli icgiil genotipine ait ana sap uzunlugu, sap ¢api, bitkide kdmeg say1si, bitki yesil ot ve bitki kuru ot verimine
iliskin veriler ve basit istatistiki sonuglar1 Tablo 4’te verilmistir.

Tablo 4’ten de goriilecegi tizere; En yiiksek bitki boyu 64.67 cm ile 102/T-2 nolu ii¢ kulak (T.
constantinopolinatum) tiiriinde belirlenmistir. En kisa ana sap uzunlugu ise 140/T-2 nolu ak ti¢giil genotipinde
9.00 cm olarak belirlenmistir. Varyans (204.96) ve CV degerinin (62,66) yiiksek olmasi, genotipler arasinda
belirgin fark oldugunu gostermektedir (Tablo 4). Bulgularimiz ana sap uzunlugunun ¢ay1r ii¢giilii, ak ticgiil, yel
tiggiilii (T. nigrescens Viv.), iickulak otu (T. constantinopolinatum), T. striatum ve koza ti¢giiliinde (T. lappaceum)
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sirastyla 70-85, 25-40 (Basaran ve ark., 2006) ve 0-60 (Anonim, 2021), 15-35, 50 ve 15.33-70.67 c¢cm oldugunu
bildiren arastiricilarin sonuglari ile kismen uygun bulunmustur. Bizim bulgularimizda cayir tiggiili ve T.
striatum’da kisa, T. constantinapolitanum’da ise uzun ana sap uzunlugu ekotip ve bolgesel farkliliktan

kaynaklanmustir.

Tablo 3. Uggiil genotiplerinin tiirii, toplandig yer ve koordinatlart (2020)

Table 3. Type, collection location and coordinates of clover genotypes (2020)

Genotip Tiirii Lokasyon Yiikseklik Enlem Boylam

1 20H 42 T.repens Kirklareli - Demirkdy 560 41°46'39.37"  27°42'5.89"

2 20 H 45 T.nigrescens Viv. Kirklareli - Demirkdy 560 41°46'39.37"  27°42'5.89"

3 101/T-2 T.repens Istanbul - Catalca 154 41°22'1.48" 28°17'28.40"
4 101/T-4 T.repens Istanbul - Catalca 154 41°22'1.48" 28°17'28.40"
5 102/T-2 T. constantinapolitanum [stanbul - Catalca 41 41°22'51.70" 28°18'59.60"
6 11/T-1 T. pratense Tekirdag - Siileymanpasa 330 40°49'32.59"  27°25'5.03"

7 111/T-3 T.repens Istanbul - Silivri 208 41°13'36.65" 28°16'28.13"
8 113/T-2 T. Striatum Istanbul - Catalca 164 41°17'12.60" 28°28'18.26"
9 115/T-1 T.repens Istanbul - Catalca 35 41°21'18.44"  28°27'5.60"

10 128/T-1 T.repens Kurklareli - Babaeski 67 41°26'38.91" 27°10'12.40"
11 13-1 T.repens Tekirdag - Sarkdy 335 40°43'44.07" 27° 5'42.05"
12 138/T-4 T.repens Kirklareli - Demirkdy 103 41°54'50.42" 28°0729.59"
13 140/T-2 T.repens Kirklareli - Demirkdy 1 41°57'57.66"  28°2'2.70"

14 143/T-4 T.nigrescens Viv. Kirklareli - Pinarhisar 571 41°46'39.95"  27°42'3.01"

15 143/T-7 T.repens Kirklareli - Pinarhisar 571 41°46'39.95" 27°42'3.01"

16 146/T-2 T.repens Tekirdag - Hayrabolu 47 41°15'17.29" 27°13'14.58"
17 148/T-1 T.repens Tekirdag - Hayrabolu 62 41°1726.76" 27°9'59.93"
18 148/T-6 T.repens Tekirdag - Hayrabolu 62 41°1726.76" 27°9'59.93"
19 149/T-1 T.repens Tekirdag - Murath 109 41°10'8.46" 27°20'55.58"
20 156/T-1 T.nigrescens Viv. Edirne - Kesan 153 40°39'54.61" 26°27'56.61"
21 20F 15 T.repens Kurklareli - Babaeski 28 41°21'53.95" 26°53'53.36"
22 20C 37 T.repens Tekirdag - Saray 280 41°31'5.53"  28°123.22"
23 20D 25 T.repens Kirklareli - Merkez 442 41°58'44.38" 27°14'29.69"
24 20D 78 T.nigrescens Viv. Kurklareli - Merkez 487 41°54'8.19"  27°8'18.52"
25 20F11 T.nigrescens Viv. Kirklareli - Babaeski 28 41°21'53.95" 26°53'53.36"
26 20 G 06 T.repens Kirklareli - Merkez 367 41°55'7.32"  27°3272.85"
27 20H 05 T.pratense Kirklareli - Demirkdy 3 41°53'12.10" 27°59'43.21"
28 20H 15 T.repens Kirklareli - Demirkdy 2 41°49'22.92" 27°58'58.35"
29 20 H 25 T.lappaceum Kirklareli - Demirkdy 2 41°51'5.84"  27°58'37.15"
30 45/T-7 T.repens Tekirdag - Malkara 104 40°56'47.00"  26°59'43.09"
31 76/T-1 T.repens Tekirdag - Malkara 457 40°45'15.23"  26°57'30.40"
32 94/T-3 T.repens Tekirdag - Saray 135 41°21'55.59" 27°55'45.50"

Sap ¢apina ait varyans ve CV degerleri yiiksek bulunmustur. Elde edilen verilere gore; en kalin ve en ince sap

capy; sirast ile 2.57 ve 0.47 mm ile 148/T-1 ve 13.1 nolu ak tiggiil (T. repens) genotiplerinde belirlenmistir (Tablo
4). Bulgularimiz, ak ti¢giilde sap ¢apinin 1.4-3.79 mm (Rosso ve Pagano, 2001), yel tigiiliinde (T.nigrescens Viv.)
ortalama 2.7 mm (Williams ve ark., 2001) oldugunu bildiren kaynaklar ile uygunluk gostermektedir.

Bitkide en az kémeg sayisinin (6.33 adet) T. striatum (113/T-2)’da en fazla kémecin ise (67.67 adet) T. repens
(101/T-4) genotipinde oldugu belirlenmistir. Varyans (120.84) ve CV degerinin (62.48) yiiksek olmasi, genotipler
arasinda belirgin fark oldugunu géstermektedir (Tablo 4).

Bitki basina yesil ot veriminin en az (19.70 g) yel ti¢giilii (T. nigrescens Viv.) 20F11 nolu genotipte, en yiiksek
(624.00 g) ise tickulak otuna (T. constantinopolinatum) ait 102/T-2 nolu genotipte oldugu belirlenmistir. Yesil ot
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verimine ait varyans (20894.12) ve CV (107.19) degerleri yiiksek bulunmustur (Tablo 4). Elde edilen verilere gore;
yesil ot verimleri arasindaki farkin yiiksek olmasi, tiir farkindan kaynaklamaktadir.

Tablo 4. Ucgiil genotiplerinin verim ve verim unsurlari ve istatistiki degerlendirilmeleri (2020)

Table 4. Yield and yield components and statistical evaluations of clover genotypes (2020)

Tiir Earits ASU SC BKS BYOV BKOV

(cm)  (mm) (adet) (g/bitki)  (g/bitki)

T.repens 20H42  25.33 1.85 21.33 121.00 26.86
T.nigrescens Viv. 20H45 21.00 1.76 23.67 575.00 122.88
T.repens 101/T-2  15.67 1.40 29.67 165.00 39.76
T.repens 101/T-4  15.67 0.96 67.67 368.00 73.88
T. constantinapolitanum 102/T-2  64.67 1.95 19.67 624.00 138.76
T. pratense 11/T-1 15.33 1.69 12.00 97.00 24.06
T.repens 111/T-3  14.00 0.90 18.67 94.00 20.68
T. striatum 113/T-2  11.67 1.27 6.33 30.00 7.26
T.repens 115/T-1  41.33 1.44 11.33 122.65 26.47
T.repens 128/T-1  19.17 1.21 11.67 98.90 23.69
T.repens 13-1 9.33 0.47 11.67 63.80 49.01
T.repens 138/T-4  15.33 1.25 12.00 96.30 2291
T.repens 140/T-2  9.00 1.05 26.33 104.44 27.05
T.nigrescens Viv. 143/T-4  14.00 2.15 22.66 171.94 18.53
T.repens 143/T-7  10.67 0.92 22.33 38.00 3.37
T.repens 146/T-2  47.83 2.40 13.67 128.00 26.22
T.repens 148/T-1  52.33 2.57 7.00 313.00 72.85
T.repens 148/T-6  16.00 1.38 9.33 64.72 12.16
T.repens 149/T-1  19.83 141 7.00 33.00 7.38
T.nigrescens Viv. 156/T-1  18.33 2.32 11.67 210.00 43.49
T.repens 20F15 19.00 1.14 9.67 110.90 9.67
T.repens 20C37 11.67 1.29 18.00 55.45 18.02
T.repens 20D 25 46.00 1.61 18.00 59.60 13.60
T.nigrescens Viv. 20D 78  39.67 1.09 21.00 20.00 5.86
T.nigrescens Viv. 20F11  34.00 1.19 17.00 19.70 5.32
T.repens 20G06 16.67 1.14 11.67 80.20 18.58
T.pratense 20H05 24.33 2.40 11.67 74.85 16.81
T.repens 20H15 18.00 1.08 18.33 48.84 10.95
T.lappaceum 20H25 32.00 1.72 17.00 57.00 11.91
T.repens 45/T-7 11.33 1.04 23.33 65.38 14.71
T.repens 76/T-1 9.33 1.18 22.33 160.71 32.15
T.repens 94/T-3 12.66 0.80 9.33 44.00 10.18
Ortalama 22.88 1.44 17.59 134.86 29.84
Minimum 9.00 0.47 6.33 19.70 3.37

Maksimum 64.67 2.57 67.67 624.00 138.36

Sx (standart sapma) 14.32 0.51 10.99 144.55 31.59
Standart hata ort. 2.23 0.091 1.94 25.55 5.59

Varyans 20496 0.27 120.84 20894.12  998.18

Ccv 62.66 3559 62.48 107.19 105.86

Bitki bagina kuru ot veriminin en az 3.37 g ile ak tggiliin (T. repens) 143/T-7 nolu genotipinde, en yiiksek
verimin ise 624.00 g ile yine tigkulak otuna (T. constantinopolinatum) ait 102/T-2 nolu genotipte oldugu
belirlenmistir (Tablo 4). Otuz iki farkli ii¢giil genotipinde kuru ot verimine ait varyans (998.18) ile CV (105.86)
degerleri yiiksek bulunmustur. Gelisme ve morfolojik 6zellikleri farkl: tiirlerin kuru ot verimlerinin farkli olmasi
dogaldir. Tablo 4’te goriilecegi tizere bitki basina yesil ve kuru ot veriminde siralama yapildiginda ilk sirada tek
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yillik tigkulak otu (T. constantinopolinatum), ikinci sirada yine tek yillik 6zellige sahip yel tiggiilii (T. nigrescens
Viv.) ve lgilincii sirada ise ak ti¢giil (T. repens) yer almistir. Trakya boélgesinde 2020 yilinda dogal floradan
toplanan ve tohum olarak ekilen tiirler arasinda tek yillik tiggiillerin hizli gelisme 6zellikleri nedeni ile g¢ok
yilliklardan daha yiiksek ot verimine sahip olmas1 dogaldir.

Projenin ikinci yilinda (2021) tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak (Diizgiines ve ark.,
1987) yiiriitiilen bolimiinde iiggiil genotiplerinin verim ve verim unsurlari ve 6nemlilik gruplari Tablo 5’te
verilmistir.

Tablo 5. Ucgiil genotiplerinin verim ve verim unsurlart ve énemlilik gruplart (2021)

Table 5. Yield and yield components and significance groups of clover genotypes (2021)

Tiir Genotip  ASU(cm) SC BKS BYOV BKOV
T.repens 20 H 42 24.06ab 1.72ab 19.14p 245.62p 81.23k
T.nigrescens Viv. 20 H 45 20.48cd 1.37d 66.25hi 382.000p 130.771
T.repens 101/T-2 14.04i-1 1.09f 65.50i 834.33hi 257.03h
T.repens 101/T-4 12.78jk 093k  117.58b  1167.66c  375.43d
T. constantinapolitanum  102/T-2 13.74i-k ~ 0.97h-k  82.87e 957.80ef  330.93ef
T. pratense 11/T-1 19.02de 1.48cd  13.50pr 101.00rs 39.90r
T.repens 111/T-3 13.73i-m 0.93h 88.73e 1179.13¢  370.76d
T. striatum 113/T-2 17.30ef 0.82j-m  10.00rs  664.00klm  177.47j
T.repens 115/T-1 11.75h-0  0.88]-m  77.00i 1091.83d 413.21c
T.repens 128/T-1 14.07qj 1.22e 71.61g 1002.66e  333.93e
T.repens 13-1 16.92fg 0.500 53.00k 918.00fg 314.31f
T.repens 138/T-4 12.83qj 1.09f 119.43b  1201.69bc  438.80b
T.repens 140/T-2 12.15i-m 1.00f-i  51.43e-k 449.83k-0  162.46jk
T.nigrescens Viv. 143/T-4 23.03b 1.82a 17.310p 85.77rs 36.07n
T.repens 143/T-7 24.78a 1.65bc 25.420 266.66p  104.05mn
T.repens 146/T-2 16.09fg 1.05fg  73.13I-g  687.00KI 246.54h
T.repens 148/T-1 15.26fgh 1.07fg  145.17a  2006.50a  555.56a
T.repens 148/T-6 15.15f-i 1.06fg 40.50h 341.000p  119.36Im
T.repens 149/T-1 13.40h-0  0.97h-k 48.23kIm  680.05k-1  203.881
T.nigrescens Viv. 156/T-1 12.48k-o0  0.81j-m 110.33c  395.500p 137.951
T.repens 20F 15 11.991-0 0.78l-h 59.69j 786.74ij 256.32h
T.repens 20C 37 10.96k-p 0.90i-k 59.50j 695.00KI 209.641
T.repens 20D 25 11.62lo 0.94h-k  70.54gh  627.00Im 208.941
T.nigrescens Viv. 20D 78 14.08qj 0.74 k 40.25k 492.00k 157.14k
T.nigrescens Viv. 20F 11 13.84i-j 0.88i-k  83.75e 1021.33e  327.28ef
T.repens 20G 06 11.77k-0 0.91i-k  47.13Im 516.50k 171.85jk
T.pratense 20H 05 21.90bc 1.54c 12.40qrs 134.89s 39.65p
T.repens 20H 15 11.87 k-0 0.93p 48.75klm  726.52jk 250.08h
T.lappaceum 20H 25 11.40k-0 0.97f-j 84.00e 364.00p 124.301
T.repens 45/T-7 9.770p 1.00f-i  45.50m 664.81KkI 203.861
T.repens 76/T-1 11.20mno  0.93ijk 64.58I 819.00hi 221.201
T.repens 94/T-3 14.38 f-i 1.02fgh  107.70c  1256.81b  403.25c
LSD%5 14.95 1.11 63.12 711.33 231.35

*Ayni harfle gosterilen ortalama degerler arasinda istatistiki olarak fark yoktur.

Aragtirmanin ikinci yilinda tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak ekilen ve degerlendirilen
boliimde ana sap uzunlugu bakimindan genotipler arasindaki farkin istatistiki olarak 6nemli olmasi nedeni ile
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yapilan degerlendirmede (Tablo 5); ana sap uzunlugunda en fazla boylanmanin 24.70 cm ile (T. repens) ak tiggiil
genotipinde (143/T-7), en az boylanmanin ise 9.77 cm ile 45/T-7 nolu (T. repens) ak ti¢giil genotipinde oldugu
belirlenmistir. Ak tiggiil (T. repens)’iin ana sap uzunluguna ait bulgularimiz ana sap uzunlugunun 20 cm’ye kadar
uzadigini bildiren arastiricilarin (Geren ve ark., 2009) sonuglari ile uygunluk gostermektedir.

Cayir tiggiiliinde ana sap uzunluguna iligskin sonuglarimiz ayni tiirde yaptig1 ¢alismada ortalama bitki boyunun
20-50 cm oldugunu bildiren Gengkan (1983)’1n sonuglari ile uyumlu bulunmustur.

Genotiplerin sap caplari arasindaki farklilik istatistiki olarak énemli bulunmus, en yiiksek sap ¢ap1 1,82 mm
ile 143/T-4 nolu T.nigrescens ssp. nigrescens genotipinde, en diisiik sap ¢apmin ise 0.50 mm ile 13/1 no’lu
T.repens tiirtine ait genotipte oldugu belirlenmistir. Bulgularimiz, Arjantin’de dogadan topladiklar1 ak tiggiil
genotiplerinde sap ¢ap1 degerlerinin 1.4-3.79 mm oldugunu bildiren Rosso ve Pagano (2001) ile yel ii¢giiliinde
(T.nigrescens Viv) ortalama 2.7 mm oldugunu bildiren Williams ve ark. (2001) sonuglari ile uygunluk
gostermektedir.

Genotiplerin komeg sayilar1 arasindaki farklilik istatistiki olarak 6énemli bulunmus, en yiiksek komeg sayisi
145,17 adet ile T. repens tiiriine ait 148/T-1 nolu genotipte, en diisiik komeg sayisi ise 10.00 adet ile T.striatum
tiiriine ait 113/T-2 nolu genotipte belirlenmistir. Bulgularimiz ak ti¢giilde komeg¢ sayisinin 10-15 adet arasinda
degistigini bildiren Norris (1987)’in sonuglarindan yiiksek bulunmustur. Farkliligin bolge, iklim ve genotip
Ozelliklerinden kaynaklandigi sdylenebilir.

Yesil ot verimleri arasindaki farklilik da istatistiki olarak dnemli bulunmus, en yiiksek yesil ot verimi 2006.50
g ile T. repens tiiriine ait 148/T-1 nolu genotipte 6l¢iilmiis olup, en diisiik yesil ot verimi ise 85.77 g ile 143/T-4
nolu T. nigrescens ssp. nigrescens genotipinde saptanmustir.

En yiiksek kuru ot verimi 555.56 g ile T.repens tiiriine ait 148/T-1 nolu genotipte, en diigiik kuru ot verimi ise
36.07 g ile T.nigrescens Viv. genotipinde tiiriine ait 143/T-7 nolu genotipte belirlenmistir.

Aragtirmanin ikinci yilinda elde edilen veriler dogrultusunda ana sap uzunlugu, bitkide kdmeg sayisi, bitki
basina yesil ve kuru ot verimlerinde akii¢giil genotipleri en yiiksek degerleri alirken, sap ¢apinda en yiiksek deger
tek y1llik yel ti¢giiliinde (T. nigrescens Viv.) belirlenmistir.

3.2 Kalite analizleri

Kuru ot verimi i¢in hazirlanan bitkilerden alinan kuru ot 6rnekleri 1 mm’ lik elekten gegecek sekilde ogiitiilerek
analize hazirlanmistir. Uggiil genotiplerinin ot kalitesine iliskin sonuglar1 ve degerlendirmeleri Tablo 6’da
verilmigtir.

3.2.1 Ham protein orani

Vejetatif donemde bulunan bitkinin ham protein igerigi olgunlagsmis ve biiylimesini tamamlamig bitkilerden
daha yiiksektir. Bitki olgunlastik¢a yapraklarin sap kismina olan oranini azaltmakta ve olgunlagsmayla birlikte ham
protein icerigi de azalmaktadir (Buxton, 1996). Farkli li¢giil tiirlerinin %50 ¢igeklenme déneminde bigilmis tli¢giil
genotiplerinin ham protein orani, ortalama %17.66 olarak saptanmustir. En diisiik protein oran1 %11.87 olarak yel
tegiilii (T. nigrescens Viv.) tiiriine ait 143/T-4 nolu genotipte, en yiiksek ise %18,85 ile ak tliggiil (T. repens) tiiriine
ait 20C37 nolu genotipte saptanmistir. Elde edilen verilerin varyansinin 2.52, CV degerinin ise 9.53 olmasi, ham
protein orani bakimindan farkl: tiirlere ait genotipler arasinda 6nemli farklar oldugunu gostermektedir. Konuya
iliskin sonuglarimiz ak iiggiilde ham protein igeriginin %17.1 oldugunu bildiren Acar ve Onal As¢1 (2006) nin
bulgulari ile benzer bulunmustur.

3.2.2 Ham seliiloz orani

Bitkisel kaynakli yemlerin iskeletini olusturan bu madde grubu, gevis getirenlerin disindaki hayvanlar i¢in giic
sindirilebilen hatta hi¢ sindirilemeyen, dolayistyla sadece sindirim sistemini doldurup fiziksel tokluk olusturarak
onun normal ¢aligmasina katkida bulunan lignin, seliiloz ve hem seliillozdan olugmaktadir. Yabani 6zellige sahip
farkli tiggiil tiirlerine ait ot 6rneklerinin ham seliiloz oranlar1 arasinda énemli farklarin oldugu; en diisiik seliiloz
oran1 %20.80 olarak 149/T-1 nolu ak tiggiil genotipinde, en yiiksek ise %28.33 ile 146/T-2 nolu genotipte
saptanmistir. Elde edilen verilerin varyansinin 3.06, CV degerinin ise 7.20 olmasi, ham seliiloz oran1 bakimimdan
farkli tiirlere ait genotipler arasinda 6nemli farklar oldugunu gostermektedir.
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Tablo 6. Ucgiil genotiplerinin kimyasal analiz sonuclarina iliskin degerler ve temel istatistiki analiz
sonuglart (2021)

Table 6. Values and basic statistical analysis results of chemical analysis results of clover genotypes (2021)

Analizler
Tiir -

Genotip HP HS HK ADF NDF

T.repens 20 H 42 16.31 24.66 10.37 3398 48.71
T.nigrescens Viv. 20 H 45 16.09 27.07 9.63 3442  49.34
T.repens 101/T-2 17.44 24.19 9.23 3248 4592
T.repens 101/T-4 17.55 23.82 8.17 31.07  43.27
T. constantinapolitanum ~ 102/T-2 16.01 22.32 8.30 3543  46.62
T. pratense 11/T-1 17.52 22.82 9.23 31.81  46.58
T.repens 111/T-3 17.98 24.45 7.32 35.82 45.78
T. striatum 113/T-2 14.25 23.98 7.99 38.03  48.59
T.repens 115/T-1 17.84 23.01 7.91 33.38 44.14
T.repens 128/T-1 17.67 23.47 9.00 34.9 47.34
T.repens 13-1 18.33 24.98 8.21 33.83  43.09
T.repens 138/T-4 17.31 24.86 8.12 34.6 45.48
T.repens 140/T-2 18.6 22.84 8.71 34.04 44.38
T.nigrescens Viv. 143/T-4 11.87 26.56 8.30 42,78  55.69
T.repens 143/T-7 16.86 25.32 7.94 36.04 46.91
T.repens 146/T-2 14.87 28.33 8.57 35.72  49.27
T.repens 148/T-1 17.29 23.99 8.34 34.45  46.84
T.repens 148/T-6 15.25 22.75 7.62 35.01  49.67
T.repens 149/T-1 16.08 20.80 8.45 3476  47.87
T.nigrescens Viv. 156/T-1 16.77 24.07 8.52 36.93  46.32
T.repens 20F 15 18.21 22.55 8.78 3487 44.13
T.repens 20C 37 18.85 25.05 7.67 35.24  46.99
T.repens 20D 25 13.61 27.00 8.95 38.56  53.32
T.nigrescens Viv. 20D 78 15.93 2151 7.77 36.58 45.71
T.nigrescens Viv. 20F 11 18.42 26.79 8.39 31.6 43.06
T.repens 20 G 06 16.07 23.92 8.18 36.54  48.63
T.pratense 20 H 05 15.28 26.71 8.45 38.29 53.65
T.repens 20H 15 14.76 23.82 6.95 35.86 50.11
T.lappaceum 20H 25 17.46 22.98 7.78 34.63  45.77
T.repens 45/T-7 18.06 22.35 7.04 31.86  42.58
T.repens 76/T-1 17.17 24.87 8.21 35.97 48.01
T.repens 94/T-3 17.26 25.33 8.28 35.23  46.43
Ortalama  16.66 24.28 8.33 35.10 47.15

Minimum  11.87 20.80 6.95 31.07 42.58

Maximum  18.85 28.33 10.37 42,78  55.69

Sx 0.280 0.31 0.13 0.41 0.54

Varyans 2.52 3.06 0.51 5.50 9.37

Ccv 9.53 7.20 8.54 6.68 6.49

3.2.3 Ham kiil orani

Ham kiil oran1 bitkilerin makro ve mikro besin elementi igeriklerinin bir gostergesidir. Mineral maddeler
bitkiler i¢in hayati derecede 6neme sahiptir. Baklagillerin bugdaygillere kiyasla daha fazla mineral madde igerigine
sahip oldugu bilinmektedir. Dogal floradan toplanan farkli ti¢giil tiirlerine ait ot 6rneklerinin ham kiil oranlari
arasinda onemli farklarin oldugu; en diisiik ham kiil oran1 %6.95 olarak T. repens tiiriine ait 20 H15 nolu genotipte,
en yiiksek ise %10.37 ile yine ak tiggiilde 20H42 nolu genotipte saptanmistir. Elde edilen verilerin varyansinin
0.51, CV degerinin ise 8.54 olmasi, ham kiil oran1 bakimindan farkli tiirlerin birbirine yakin degerlere sahip
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oldugunu gostermektedir. Bulgularimiz ak ti¢giilde ham kiil oranint %13.74 oldugunu bildiren Basaran ve ark.
(2006) sonuglarindan diisiik bulunmustur. Farkliligi genotip ve bolgesel farkliliktan kaynaklandigini sdylenebilir.

3.2.4 ADF orani

Bitkilerdeki ADF orani, seliiloz ve ligninin oranini gdstermektedir. %50 ¢iceklenme doneminde bigilen 32
farkli Giggiil tiirlinden elde edilen ot 6rneklerinin ADF orani, ortalama %35.10 olarak saptanmigtir. Rohweder ve
ark. (1978) bildirislerine gore; elde edilen %35.26 ADF degerinin 1. Kalite degerine sahip ot iretildigini
gostermistir. En kaliteli otun %31.07 ADF oranina sahip 101/T-4 nolu genotipten elde edildigi belirlenmistir. ADF
oranin yiikselmesi ile %42.78 oranina sahip olan 143/T-4 nolu yel ii¢giilii genotipinden, 3. Kalitede ot elde edildigi
saptanmistir. Elde edilen verilerin varyansinin 5.50, CV degerinin ise 6.68 olmasi, genotipler arasinda farklarin
oldugunu gostermistir.

3.2.5 NDF orant

NDF bitkide hiicrenin ¢eper maddeleri olan seliilloz, hemiseliiloz ve ligninden meydana gelmektedir.
Baklagiller, bugdaygillere oranla daha az hiicre ¢eperine sahiptirler, bu nedenle sindirilebilirlikleri daha yiiksektir
(Wilson ve Bowman, 1993). En kaliteli otun %42.58 NDF oranina sahip 45/T-7 nolu genotipten elde edildigi
belirlenmistir. NDF oranin yiikselmesi ile %55.69 oranina sahip olan 143/T-4 nolu genotipten 4. kalitede ot elde
edildigi saptanmustir. Elde edilen verilerin varyansinin 9.37, CV degerinin ise 6.49 olmasi, NDF orani bakimimdan
genotipler arasinda farkin oldugunu gostermektedir.

3.3. Uggiil tiirlerine ait genotiplerin verim ve verim unsurlart arasindaki iliskiler

Ana sap uzunlugu — sap ¢api; ana sap uzunlugu ve sap ¢api arasinda (r= 0.595**) 0.01 diizeyinde dnemli ve
iligki belirlenmistir. Sap capinin kdmeg sayist arasinda (r=-0.213*) ve 0.05 diizeyinde 6nemli ancak olumsuz iligki
belirlenmistir.

Ana sap uzunlugu ve bitkide komeg sayis1 arasinda (r= -0.229**) 0.01 diizeyinde oénemli ve olumsuz iligki
belirlenmistir. Bitkide komeg sayisinin kuru ot verimi (r= 0.627**) ve Bitki yesil ot verimi (r= 0.608**) arasinda
0.01 diizeyinde 6nemli ve olumlu iligki belirlenmistir. (Tablo 7).

Ana sap uzunlugundaki artis sap ¢apint da artirmaktadir. Komeg¢ sayisinin artmasi sap ¢apini azaltmustir.
Anasap uzunlugunun artmasi ile kdmeg sayisinin azaldigi belirlenmistir. Kémeg sayisinin artmasi yesil ot ve kuru
ot verimini artirmistir.

Tablo 7. Ucgiil tiirlerine ait genotiplerin verim ve verim unsurlari arasindaki iliskiler

Table 7. Relationships between yield and yield components of genotypes belonging to clover species

Ana sap uzunlugu Sap cap1  Bitkide komec sayis1  Bitki yesil ot verimi

Ana sap uzunlugu 1

Sap cap1 0.595** 1

Bitkide kdmeg sayist -0.229** -0.213* 1

Bitki yesil ot verimi 0.100 -0.133 0.608** 1
Bitki kuru ot verimi 0.113 -0.155 0.627** 0.968**
4. Sonug

Trakya bolgesi dogal florasinda 77 farkli iicgiil tiirliniin bulunmasi genis yayilim alanina sahip olmasi
vejetasyon siiresinin uzun olmasi dolayistyla 6nemli baklagil yem bitkileri arasinda yer almasini saglamaktadir.
Yem bitkisi olarak iiretilmesi yaninda ¢ayir mera alanlarinin 1slahinda ve yesil alan tesisinde genis kullanim alanini
bulunmasi1 nedeniyle Trakya bdlgesi dogal florasinda yer alan tiirlerin 6zelliklerinin belirlenmesi ve 1slah
caligmalarinda kullanilmalar1 amaglanmigtir. En iyi gelisme gosteren {iggiil tiirlerine ait genotiplerin verim ve
verim unsurlarinin belirlenmesi amaglanmisgtir. 2020 yilinda 119 O 950 no’lu “Trakya Bolgesi Dogal Florasindaki
Ucggiil (Trifolium L.-Fabaceae) Tiirlerinin Taksonomisi, Dagilimi, Fenolojik, Morfolojik ve Bazi Kimyasal
Ozellikleri” isimli Tiibitak projesi kapsaminda toplanan iiggiil tiirleri arasinda en iyi gelisme gdsteren 5 farkli tiire
ait 32 genotip materyal olarak kullanilmistir. Tarla denemelerinde incelenen 6zellikleri ana sap uzunlugu, sap ¢api,
bitkide komeg sayisi, bitki yesil ot verimi ve bitki kuru ot verimi gibi ozellikleri belirlenmistir. Ayrica yesil
otlarinda ham protein, ham seliiloz, ham kiil, ADF ve NDF gibi kalite 6zellikleri belirlenmistir. Yiiriitiilen
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aragtirmada elde edilen sonuglar 15181inda; Trakya bolgesinde kaba yem iretimi ile mera 1slahinda oldugu gibi
yapay mera tesisinde de 6n bitki olarak tek yillik 102/T-2 nolu tiirlerden ii¢ kulak tiggiilii (T. constantinopolinatum)
genotipi ile 20H45 nolu yel tg¢giili (T. nigrescens Viv) on bitki olarak yetistirilebilecek genotipler olarak
saptanmistir. Cok yillik tiir olarak 2. yildan itibaren hizli gelisen yiiksek ot verimine sahip 148/T-1 nolu ak {iggiil
(T. repens) genotipi bolge kosullarinda tercih edilecek tiir olarak saptanmistir.

Tesekkiir

1190950 nolu 1001 projesine verdikleri destekten dolay1 TUBITAK ‘a ve NKUBAP.03.YLGA.21.338 nolu
projeye desteklerinden dolay1 Tekirdag Namik Kemal Universitesi Bilimsel Arastirma Projeleri Koordinasyon
Birimine tesekkiir ederiz.

Etik Kurul Onay1

Bu ¢alisma i¢in etik kuruldan izin alinmasina gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlar olarak aramizda herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Yazarlar tim asamalarda esit katk1 saglamislardir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Some Physico-Mechanical Properties and Critical Velocity of Opium
Poppy Plant (Papaver somniferum L.) 'Ofis 1" (Blue)

Afyon Hashas1 Bitkisi (Papaver somniferum L.) ‘Ofis 1’in (Mavi) Bazi Fiziko-Mekanik
Ozelliklerinin ve Kritik Hizin Belirlenmesi

Orhan GUNGORY", ibrahim AKINCI?
Abstract

Determination of some physico-mechanical properties of plant products are very important reference studies in
terms of design, development and efficient use of tools and machines used in processes such as planting, harvesting,
transportation, packaging, storage, product processing, etc. In this study, it was aimed to determine some physico-
mechanical properties of the stalk and capsule of Ofis 1 (Blue) poppy plant, which has a significant production
size in our country. According to the evaluated research findings, on the basis of average values, poppy capsule
height was 37.99 mm, width was 35.82 mm, mass was 5.86 g, volume was 300.73 mm?, horizontal projection area
was 18.66 cm?, vertical projection area was 17.91 cm?, critical velocity was 10.22 m s, natural angle of repose
was 22.8°, and shell ratio was 43.93%. In the study, the poppy stalk was divided into three parts: upper, middle
and lower regions. During the harvest period, the wet basis moisture value of the upper region was 7.69%, the
moisture value of the middle region was 7.56%, the moisture value of the lower region was 8.03%, and the average
moisture value of the poppy stalk was calculated as 7.76%. The average moisture value of poppy capsule at harvest
time was determined as 7.69%. The number of plants per unit area in the poppy field was 30.8 pieces m?, the
number of capsules was 55.2 pieces m™ and the capsule/plant ratio was 1.8. Average plant height was 119.7 cm.
These values are the data that should be taken into consideration for table height and finger spacing in poppy
harvesting machine designs. The majority of the plants per unit area (55.9%) are single capsule. As a result of
mechanical tests, poppy stem shear force values were determined between 31.14 N-74.06 N and these values vary
according to the thickness of the poppy plant stem. The average compression-crushing forces of poppy capsule
were determined as 159.39 N and 110.46 N for vertical and horizontal positions, respectively. As a result of the
research, Ofis 1 (Blue) poppy plant physico-mechanical properties and a resource that can be useful for the studies
to be carried out in machine design studies for the cultivation and harvesting of poppy plants have been put forward.

Keywords: Opium poppy "Ofis 1" (blue), Physico-mechanical properties, Biological material
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Giingor & Akinct
Determination of Some Physico-Mechanical Properties and Critical Velocity of Opium Poppy Plant (Papaver somniferum L.) 'Ofis 1' (Blue)

Oz

Bitkisel tiriinlerin bazi fiziko-mekanik 6zelliklerinin belirlenmesi; ekim, hasat, tasima, paketleme, depolama, tiriin
isleme vb. siireclerde kullanilan alet ve makinelerin tasarimi, gelistirilmesi ve verimli kullanilmas1 agisindan ¢cok
onemli referans ¢aligmalardir. Bu calismada, tilkemizde 6nemli diizeyde iiretim biiyiikliigiine sahip olan Ofis 1
(Mavi) hashas bitkisinin sap1 ve kapsiiliine ait baz1 fiziko-mekanik 6zelliklerinin belirlenmesi amac¢lanmistir.
Degerlendirilen arastirma bulgularina gore, ortalama degerler bazinda, hashas kapsiili yiiksekligi 37.99 mm,
genisligi 35.82 mm, kiitlesi 5.86 g, hacmi 300.73 mm?3, yatay iz diisiim alan1 18.66 cm?, dikey iz diisiim alan1 17.91
cm?, kritik h1z1 10.22 m s, dogal y1gilma acis1 22.8°, kabuk oran1 %43.93 olarak 6l¢iilmiistiir. Calismada hashas
sapt li¢ kisma ayrilmis olup bunlar iist, orta ve alt bolgelerdir. Hasat doneminde iist bolgenin yas baz nem
degeri %7.69, orta bolgenin nem degeri %7.56, alt bolgenin nem degeri %8.03 olarak 6l¢iilmiistiir, haghas sapinin
ortalama nem degeri %7.76 olarak hesaplanmistir. Hasat zamanindaki hashas kapsiilii ortalama nem degeri %7.69
olarak belirlenmistir. Hashas tarlasinda birim alandaki bitki sayis1 30.8 adet m2, kapsiil sayis1 55.2 adet m2 ve
kapsiil/bitki orani ise 1.8 degerindedir. Ortalama bitki boyu 119.7 cm'dir. Bu degerler hashas hasat makine
tasarimlarindaki tabla yiiksekligi ve parmak araliklari i¢in dikkate alinmasi gereken verilerdir. Birim alandaki
bitkilerin biiylik bir ¢ogunlugu (%55.9) tek kapsiilliidiir. Mekanik testler sonucu hashas sap1 kesme kuvveti
degerleri 31.14 N-74.06 N arasinda belirlenmis olup bu degerler hashag bitkisinin sapinin kalinligina goére
degismektedir. Hashas kapsiilii ortalama basma-kirma kuvvetleri ise dikey ve yatay pozisyonlar i¢in sirasiyla
159.39 N ve 110.46 N olarak belirlenmistir. Aragtirma sonucunda, Ofis 1 (Mavi) haghas bitkisi fiziko-mekanik
ozellikleri ve hashas bitkisinin yetistirilmesine ve hasat islemlerine yonelik makine tasarim g¢aligmalarinda
yapilacak ¢aligmalara yararli olabilecek bir kaynak ortaya konmustur.

Anahtar Kelimeler: Ofis 1 (Mavi) hashas, Fiziko-mekanik 6zellikler, Biyolojik malzeme
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1. Introduction

Determination of some physico-mechanical properties of plant products are very important reference studies
in terms of design, development and efficient use of tools and machines used in processes such as planting,
harvesting, transportation, packaging, storage, product processing, etc.

In Turkey, the traditionally cultivated poppy plant (Papaver somniferum L.) belongs to the Papaveraceae
family. It is an annual crop. Alkaloids are obtained from the capsules of the poppy plant, and poppy oil is extracted
from its seeds (Arslan et al., 2008; Se¢men et al., 2000; Erol and Yanik, 2019). Poppy has been cultivated in
Anatolia since around 2000 B.C. The plant was freely produced in Turkey in 1933, following the declaration of
the Republic. However, between 1971 and 1974, poppy production was banned, and starting from 1987, the
Turkish Grain Board (Toprak Mahsulleri Ofisi - TMO) was tasked with overseeing poppy -cultivation
(Haciyusufoglu, 2013). Globally, poppy is grown on 87,642 hectares, with Turkey accounting for 56,511 hectares
(64%). With this figure, Turkey holds the first place in global poppy production (TMO, 2019). In Turkey, varieties
such as Ofis 2 (white), Ofis 1 (blue), Ofis 4 (yellow), and others are cultivated (TMO, 2021). Accordingly, the
most cultivated poppy varieties in Turkey are white (69%), blue (17%), and yellow (14%) seeded varieties. Poppy
seeds can be of various colors, including blue, yellow, pink, white, and brown. Poppy is better cultivated in areas
with moderately warm summers and sufficient rainfall. Poppy seeds germinate at +4 °C when there is enough
moisture in the soil. The poppy plant has a total temperature requirement of 2300-2700 °C and an annual
precipitation requirement of 600-700 mm during its growth period (TMO, 2017). The second most produced poppy
variety in Turkey is blue, developed by the Turkish Grain Board on April 19, 2016.

Figure 1 illustrates the developmental stages and vegetative parts of the blue poppy. The developmental process
includes leafing, budding, flowering, capsule formation, and maturation phases. The vegetative cycle of the poppy
plant lasts approximately 110-280 days. During this period after planting, activities such as hoeing/thinning,
irrigation, fertilization, pest control, and harvesting are carried out (Isler, 2024). The vegetative components of the
poppy plant consist of a main stem (stalk), leaves, lateral branches formed on this main stem, and poppy capsules
developing on each lateral branch. There is a node point between the capsule and the stalk.

Capsule Middle Stem Region
Capsule

Lower Stem Region

Upper Stem Region

Node Point
Stem

Leaf

Vegetative Parts of the Poppy Plant

Figure 1. Developmental stages and vegetative parts of the blue poppy plant
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Vegetable products are harvested once they reach a specific maturity period. For medicinal and aromatic plants,
the optimal harvest period is when the moisture content is between 7-12% (Baydar, 2009). When the poppy plant
reaches harvest maturity, the capsules are harvested manually by breaking the capsules at the knot point. In
mechanical harvesting, it is recommended to harvest by cutting at most 10-20 cm below this knot point
(Hactyusufoglu, 2013). This height is important for the table height of the harvester. Determination of product
dimensions (width, length, mass, volume, footprint area, critical velocity, natural stacking angle, etc.) and
geometric properties of agricultural products are of great importance in the design of units such as sorting,
harvesting, collecting, threshing, cleaning, transferring, storing, etc., especially in harvesting machines. In addition,
knowledge of these properties also contributes to the design of vehicles used for processing, drying, storage and
transportation of plant products (Ozarslan, 2002; Dash et al., 2008; Ozlii and Giiner, 2016; Polyak and Csizmazia,
2016; Tasova and Dursun, 2023). In addition, knowing the fracture resistance of plants and fruits plays an
important role in harvesting machine designs (Kocabiyik et al., 2009).

The aim of this study was to determine some physico-mechanical properties of Ofis 1(blue) poppy plant, the
second most produced poppy variety in Turkey. To achieve this goal, the research encompasses the determination
of product dimensions, geometric characteristics, moisture content, plant and capsule numbers/ratios per unit area,
stem cutting force, and capsule rupture resistance/force values.

2. Materials and Methods

In the experiments, the plant material used was Ofis 1 poppy variety, developed by TMO in 2016. All
dimensional measurements and mechanical tests conducted in the study were carried out using measurement
methods outlined in relevant literature.

Poppy capsule dimensions were measured using a digital caliper with a precision of 0.1 mm. Mass
measurements of the capsules were conducted on a digital scale with a precision of 0.01 g. The shell ratio was
calculated by dividing the mass of the capsule shell by the mass of the entire capsule. Volume measurements of
the capsules were determined by immersing the capsules, taken from the stem, into a container filled with toluene,
and the displaced liquid volume was calculated accordingly (Kara, 2012). The horizontal and vertical projection
areas of the poppy capsules were determined using image analysis. Photographs taken with a digital camera from
a fixed height were analyzed using an image processing program to calculate the area of the image (Kara, 2012).
The critical velocity was determined using the aspiration method, where the air velocity at which the capsules
remained stationary/suspended was defined as the critical velocity. Airflow measurements were made with an
anemometer with a precision of 0.1 m s2. The tunnel using the aspiration method is 10 cm in diameter, an
adjustable velocity airflow system is installed. The natural repose angle was determined by pouring poppy capsules
from a fixed point onto a flat surface, and the angle formed by the lateral surface of the resulting pile with the
horizontal was measured as the natural repose angle (Kara, 2012). Measurements for certain physico-mechanical
properties of the poppy capsules were repeated five times. The moisture content values for both the poppy capsules
and stems were determined using the oven drying method. Measurements were carried out on five samples. First,
the fresh weights of the capsule and stem samples were measured as shown in Equation 1. Then, these samples
were placed in a drying oven at 105 °C for 24 hours and their dry weights were measured to determine the percent
moisture content on a wet basis (Mohsenin, 1986).

Moisture,,, = %. 100 (Eq. 1)
Moisture w.b.: Moisture content (%)
A : Wet sample weight (g)
B : Dry sample weight (g)
In the stem cutting and capsule compression/crushing tests, moisture values in the range of 7-12% at harvest
were taken into consideration (Baydar, 2009).

"Unit Area Method" was employed to determine the plant count, capsule count, plant heights, and capsule
numbers on each plant. A unit area of 1 m? was selected for this purpose, and the locations of unit areas in the
poppy field were randomly chosen. The experiments were conducted with five replications. In the trials, the plant
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and capsule numbers in each unit area were determined, plant heights were measured, and the number of capsules
on each plant was identified. For the determination of poppy stem cutting force values, three regions on the plant
stem were considered: namely the lower region, middle region, and upper region. Cutting trials were performed in
these regions. For the determination of poppy capsule compression/breaking force values, vertical and horizontal
compression/breaking measurements were conducted. TST Mares brand universal mechanical testing equipment
at the Agricultural Machinery and Technologies Engineering laboratory of Akdeniz University, Faculty of
Agriculture, was used for measurements. The experiments were carried out with five replications. Relevant visual
examples of the measurements and mechanical tests are provided in Figure 2.
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Figure 2. Sample dimensional measurement and mechanical test images
3. Results and discussion

In this study, which focuses on determining certain parameters for the design of harvesting machines, especially
the units related to separation, harvesting, collection, threshing, cleaning, transfer, storage, etc., for the blue poppy plant,
some physico-mechanical properties of the blue poppy capsule are presented in Table 1.

Table 1. Critical Velocity and some physico-mechanical properties of blue poppy capsule

Feature Average Value £ SD
Height (mm) 37.99 +3.18
Width (mm) 35.82 +5.75
Mass (g) 586 +£1.62
Volume (mm3) 300.73 £139.9
Horizontal Projection Area (cm?) 18.66 +4.55
Vertical Projection Area (cm?) 1791 +£5.94
Critical Velocity (m s) 1022 +£1.43
Natural Angle of Repose (degrees) 22.86 +£0.81
Shell Ratio (%) 43.93 +2.67

According to Table 1; the capsule height is slightly greater than the capsule width. A similar excess is also
observed in the footprint area values. This situation indicates that blue poppy capsules tend to develop more
longitudinally. The mass, volume, critical velocity, and natural repose angle of the poppy capsule are determined
as 2.64 g,300.73 mm?, 10.22 m s7', and 22.85 degrees, respectively. The shell ratio is 43.93%. This value indicates
that the amount of seeds in the poppy capsule (56.07%) is higher compared to the shell. Moisture content values
of plant parts and products are crucial, especially in determining the harvest time and designing the cutting,
threshing, and cleaning units of harvesting machines. Moisture content values for the blue poppy stem and capsule
are given in Table 2.

As seen in Table 2; the average moisture content values for the plant stem and poppy capsule are determined
as 7.75% and 7.69%, respectively. The moisture content values in the upper, middle, and lower regions of the plant
stem are very close to each other. Therefore, the cutting height with the machine during harvesting can be preferred

1217



Giingor & Akinci
Determination of Some Physico-Mechanical Properties and Critical Velocity of Opium Poppy Plant (Papaver somniferum L.) 'Ofis 1' (Blue)

from any region of the plant stem. This is a positive feature in terms of harvesting efficiency. Similar observations
are present in the moisture content values for seeded and empty poppy capsule. Accordingly; it can be stated that
capsule threshing, seed-shell separation, and seed cleaning can be successfully performed. The values for the
number of plants, number of capsules, and capsule/plant ratio per unit area for the blue poppy plant are given in
Table 3.

Table 2. Moisture content values of blue poppy stem and capsule

Plant Part Feature Average Value = SD

Upper Stem Region Moisture Content w.h.(%) 7.69 £2.55

Middle Stem Region Moisture Content w.b. (%) 7.56 +0.68

Stem Lower Stem Region Moisture Content w.b.(%) 8.03+1.33
Average (%) 7.76 £ 0.24

Seed Capsule Shell Moisture Content w.b.(%) 6.46 £ 0.44

Capsule Empty Capsule Shell Moisture Content w.b.(%) 8.91+0.53
Average (%) 7.69+1.73

Table 3. Unit area plant count, capsule count, and capsule/plant ratio values

. Number of plants Number of capsule Capsule/Plant ratio
Repetition . ] . . .
( piece m?) (piece m?) (Decimal)

1 36 59 1.6

2 33 53 1.6

3 24 58 2.4

4 33 55 1.7

5 28 51 1.8
Average (piece) 30.8 55.2 1.8
Standard Deviation 4.3 3 0.3

As seen in Table 3, considering the repetitions, the total number of plants per unit area varies between 24-36
plants m2, the total number of capsules ranges from 51 to 59 capsules m=2, and the capsule/plant ratio varies
between 1.6-2.4. On average, these values are 30.8 plants m2, 55.2 capsules m?2, and 1.8, respectively. Therefore,
it can be stated that each plant has at least one or more capsules.

In practice, having only one capsule per plant is a desirable feature for both product quality and mechanization
success. Uniformity in plant heights is crucial for reducing harvesting losses in machine harvesting. The number
of plants per unit area according to plant height groups for the blue poppy plant is provided in Table 4.

Table 4. Number of plants per unit area according to plant height groups

Plant height groups Total number

Repetition of plants
<85 cm 86-105cm  106-125cm 126-145cm 146 cm> (count m)
1 2 6 13 12 3 36
2 0 4 12 13 4 33
3 1 3 9 10 1 24
4 2 6 11 11 3 33
5 1 4 11 10 2 28
Average (count m2) 1.2 4.6 11.2 11.2 2.6 30.8
Total (count m2) 6 23 56 56 13 154
Ratio (%) 3.9 14.9 36.4 36.4 8.4 100

As shown in Table 4, the total number of plants per unit area varies between 24 and 36. On average, this value
is 30.8. Considering the repetitions, the highest number of plants per unit area based on plant height groups is
equal, with 56 plants m2 (36.4%) in the 106-125 cm and 126-145 cm height groups. Following these, the 86-105
cm group (23 plants m2, 14.9%), the group larger than 146 cm (13 plants m2, 8.4%), and the group smaller than
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85 c¢cm (6 plants m2, 3.9%) come in order. Taking into account the positive effect of the common moisture values
in the plant stems in Table 2, choosing a cutting height in machine harvesting below 85 cm can significantly reduce
harvesting losses. On the other hand, standardizing the heights of poppy plants through breeding efforts will
contribute significantly to the efficiency of mechanization processes.

Having each poppy plant with only one capsule is crucial for both product quality and the success of
mechanization processes. The number of plants per unit area according to capsule count groups for the blue poppy
plant is provided in Table 5.

Table 5. Number of plants per unit area according to capsule count groups

=it Capsule count groups Total plant count
1 2 3 4+ (count m™)
1 23 6 4 3 36
2 21 6 4 2 33
3 7 5 7 5 24
4 20 6 5 2 33
5 15 6 4 3 28
Average (count m2) 17.2 5.8 4.8 3 30.8
Total (count m?) 86 29 24 15 154
Ratio (%) 55.9 18.8 15.6 9.7 100

As seen in Table 5, the total number of plants per unit area varies between 24 and 36. The average value is
30.8. Considering the capsule count groups based on repeated observations, the highest plant density is
predominantly in the single-capsule group, determined as 86 plants m2 (55.9%). Following this, there are the 2-
capsule group (29 plants m2, 18.8%), the 3-capsule group (24 plants m?2, 15.6%), and the 4 or more capsule group
(15 plants m2, 9.7%). In other words, the majority of plants have a single capsule. This situation represents a
positive feature for mechanization processes. On the other hand, conducting breeding studies to make each poppy
plant single-capsuled will contribute significantly to the efficiency of both product quality and mechanization
processes.

The information on stem cutting force and poppy capsule crushing force is crucial, especially for the design
and improvement of mechanized harvesting units, particularly the cutting and threshing units. The values of stem
cutting force and poppy capsule crushing/pressing force for the blue poppy plant are provided in Table 6.

Table 6. Cutting force values for blue poppy stem and capsule

Plant part Parameter Mean + SD
Cutting force in the upper stem region (N) 31.14 +£12.10
Stem Cutting force in the middle stem region (N) 60.01 +15.07
Lower stem region cutting force (N) 74.06 +27.26
Capsule Vertical pressing force (N) 159.39 +48.46
Horizontal pressing force (N) 110.46 = 15.35

As seen in Table 6, the cutting force values for the stem are determined as 31.14 N, 60.01 N, and 74.06 N for
the upper, middle, and lower stem regions, respectively. The cutting force values increase from the upper region
to the lower region, and there is significant variation in these values in each region. This situation should be taken
into consideration in the design of the harvesting unit, particularly to perform cutting from the upper stem region
as much as possible due to the lower cutting force, considering the lowest capsule height (refer to Table 4). In
other words, when designing and improving the mechanized harvesting unit for poppy plants, capsule height and
cutting force values should be considered.

The horizontal and vertical capsule compression/breaking force values are determined as 159.39 N and 110.46
N, respectively. The horizontal compression force value is lower compared to the vertical compression force value.
These values should be utilized, especially in the design of the threshing unit, for features such as breaking
capsules, separating seeds from shells, and determining operating parameters of the threshing unit.
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4, Conclusions

In this study, various physico-mechanical properties of the blue poppy plant have been examined. According
to the obtained results, the height of the poppy capsule is 37.99 mm, width is 35.82 mm, mass is 5.86 g, volume is
300.73 mm?, horizontal projection area is 18.66 cm?, vertical projection area is 17.91 cm?, critical velocity is 10.22
m/s, natural pile angle is 22.86 degrees, and the shell ratio is 43.93%. During the harvest period, the moisture
values of the upper, middle, and lower regions of the poppy stem were measured as 7.69%, 7.56%, and 8.03%,
respectively. The moisture content of the empty poppy capsule is 8.91%, and the moisture content of the seeded
capsule is 6.46%. The total number of plants per unit area in the poppy field ranges from 24 to 36 plants m, the
total number of capsules is between 51 and 59 capsules m, and the capsule/plant ratio varies between 1.6 and 2.4.
On average, these values are 30.8 plants m2, 55.2 capsules m?, and 1.8, respectively. According to plant height
groups, the highest plant density is 56 plants m2 (36.4%) in the 106-125 cm and 126-145 cm height groups. Then,
the 86-105 cm group (23 plants m2, 14.9%), the group larger than 146 cm (13 plants m2, 8.4%), and the group
smaller than 85 cm (6 plants m=2, 3.9%) follow. The average plant height is calculated as 119.7 cm. According to
capsule count groups, the highest plant density is primarily 86 plants m2 (55.9%) in the 1-capsule group. Then,
the 2-capsule group (29 plants m2, 18.8%), the 3-capsule group (24 plants m=2, 15.6%), and the 4+ capsule group
(15 plants m2, 9.7%) follow. The cutting force values for the stem are determined as 31.14 N, 60.01 N, and 74.06
N for the upper, middle, and lower stem regions, respectively. The horizontal and vertical capsule
compression/breaking force values are determined as 159.39 N and 110.46 N, respectively.

In conclusion, this study reveals some physico-mechanical properties and critical velocity values of blue poppy
plant. These properties will serve as a valuable resource for the design and development of harvesting machines
for the mechanical harvesting of blue poppy plants.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Isletmenin Bitkisel Uretiminin Siit Koyunculuguna Etkisi: Ornek Bir Cahisma

The Impact of The Farm's Crop Production on Its Dairy Sheep Production: A Case Study

Bekir Sitki AYAG!, Tiirker SAVAS?

Oz

Tiirkiye tarimsal {iretiminin ¢ok biiyiik bir kismi kiigiik dlcekli isletmelere dayanmakta olup bunlarin da %38’i
bitkisel ve hayvansal iiretimi birlikte ger¢eklestirmektedirler. Bu ¢alismada ana faaliyet alani siit koyunculugu olan
isletmelerde gerceklestirilen diger bitkisel iiretim faaliyetlerinin koyunculuga etkileri aragtirtlmistir. Bu amagla
Canakkale’nin Ezine il¢esinde faaliyet gosteren ve iiretim sistemi bakimindan birbirlerine benzeyen 60 siit koyunu
isletmesi secilmistir. Bu isletmeler iki yil siire ile gebelik basi (eyliil), dogum dénemi (ocak) ve siitten kesim-kuzu
pazarlama doneminde (nisan) ziyaret edilerek tanimlayici bilgileri, ekim alanlari, siirii bliyiikliigli degisimi ve
siiriiye iliskin biyolojik parametreler gdzlenmistir. Isletmelerin %211 topraksiz iken geriye kalanlarin toplam arazi
varligi 327.7 ha, ortalama arazi varlig 7 ha’dir. Isletmelerin kog alti koyun sayilart (KAKS), ve doguran koyun
oranlarinda (DKO) iki yil arasinda anlamli bir fark gézlenmemistir (P>0.05). isletmenin arazi biiyiikliigii KBSS
miktarin1 olumsuz etkilemektedir (P=0.0159). Sulanabilir arazi varliklar1 ise DKO fizerinde olumsuz, satilan
ortalama kuzu canli agirligi (SOKCA), koyun basina satilan kuzu canlt agirligi (KBSKCA) ve koyun basina briit
gelir (KBBG) iizerinde olumlu etkide bulunmaktadir (P<0.0397). Yem bitkileri ekim alan1 biiylidiikce KAKS da
biliylimektedir (P<0.05). KBSS zeytinlik varligindan olumsuz etkilenmektedir (P=0.0321). DKO tahil ekim alani
biiylikliigiinden negatif olarak (P=0.0017), SOKCA (P=0.0463) ve KBSKCA (P=0.0843) tahil ekim alam
biiylikligiinden pozitif yonde etkilenmektedir. Tirkiye’de topraksiz ¢iftgi orani 6zellikle kii¢iikbas hayvancilik ile
istigal eden ciftgilerde siirmektedir. Isletmeler siit koyunculugu olarak tamimlanabilirlerse de kuzu geliri siit
gelirinden daha yiiksektir. Bu anlamda siit koyunculugu {iretim sistemlerinin detayli analizi gerekmektedir. Baz1
bitkisel iiretim gruplari kuzu iretim parametrelerini desteklemektedir. Muhtemelen siitten ziyade kuzunun
getirisinin biiyiik olmasi yetistiricilerin kuzu tiretimine agirlik vermesine neden olmaktadir.

Anahtar Kelimeler: Uretim sistemi, Kiiciikbas hayvan, Toprak varlig1, Sulanabilir arazi varhgi, Bitkisel iiretim
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Abstract

A large proportion of agricultural production in Turkey is based on small farms, 38% of which produce both crop
and livestock products. In this study, the effects of crop production on sheep production were investigated in farms
whose main activity is dairy sheep production. For this purpose, 60 dairy sheep farms with similar production
systems were selected in the Ezine district of Canakkale. These farms were visited for two years at the beginning
of gestation (September), parturition period (January) and weaned lamb marketing period (April) and descriptive
information, area, flock size changes and biological parameters related to the flock were observed. While 21% of
the farms were landless, the total area of the remaining farms was 327.7 ha and the average area was 7 ha. There
were no significant differences between the two years in the number of ewes (NE), and the proportion of lambing
ewes (LE) (P>0.05). The size of the farm has a negative effect on the amount of milk sold per ewe (P=0.0159).
The presence of irrigated land has a negative effect on LE, but a positive effect on average live weight of lambs
sold (ALWS), live weight of lambs sold per ewe (LWSE) and gross income per ewe (P<0.0397). The larger the
forage production area, the higher the NE (P<0.05). The quantity of milk sold per ewe is negatively influenced by
the presence of olive groves (P=0.0321). While LE is negatively influenced (P=0.0017), ALWS (P=0.0463) and
LWSE (P=0.0843) are positively influenced by the size of cereal area. In Turkey, the proportion of landless farmers
remains high, especially among small ruminant farmers. Although the farms can be defined as dairy sheep farms,
the income from lamb production is higher than that from milk production. In this sense, dairy sheep production
systems need to be analyzed in detail. Some crop production groups support the parameters for lamb production.
Presumably, the fact that lamb income is higher than milk income causes breeders to focus on lamb production.

Keywords: Production system, Small ruminants, Land availability, Irrigable land, Crop production
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1. Giris

Tiirkiye bir kiigiikbag hayvan cografyasidir (Ertugrul ve ark., 1995; Kaymakgei ve ark., 2000; Kaymake1 ve ark.,
2005; Ertugrul ve ark., 2010; Cengiz ve ark., 2015; Cedden ve ark., 2020). Bu anlamda birgok farkli koyun ve kegi
iiretim sistemleri olusmustur. Uretim sistemleri farkli 1rk temelli olabildigi gibi ayn1 irklarin yetistirildigi ancak
cayir-mera varligi, yem bitkileri iretimi, hasat sonrasi arazilerin mera olarak kullanildig: ve sistemin uygulandig:
cografyanin dogal kaynaklari ile sosyo-ekonomik 6zellikler baglaminda farklilasmaktadir. Ote yandan iiretimin
gerceklestirildigi yorenin tiiketim aligkanliklar1 da sistemi sekillendirmektir. Koyunculukta kasaplik kuzu iiretimi
veya hem kasaplik kuzu iiretimi hem de siit iiretimi gerceklestirilmesine bagli olarak da iiretim sistemleri
degisebilmektedir.

Tiirkiye tarimsal tretiminin ¢ok biiyiik bir kism1 halen kiiclik 6lgekli isletmelere dayanmaktadir (Basaran,
2020). Ote yandan Kredi Kayit Biirosu tarafindan 2022 yilinda gerceklestirilen “Tiirkiye tarimsal goriiniim saha
arastirmasina” gore tarimsal isletmelerin biiylik cogunlugunda polikiiltiirel bir iiretim s6z konusu olup, yalnizca
hayvancilik yapan igletme oran1 %1’in altinda, bitkisel ve hayvansal iiretimi birlikte gergeklestiren isletmelerin
oraninin ise %38 oldugu rapor edilmistir (Anonim, 2022a). Bu anlamda hayvanciligin ve bitkisel iiretimin birlikte
gergeklestirilmesi durumunda birbirlerine etkileri konusu arastirmaya muhtag bir alani olugturmaktadir.

2022 yilh istatistiklerine gére Tiirkiye koyun siitii {iretiminde Cin’in arkasindan 1.067.000,0 ton ile Diinya
siralamasinda ikinci sirada bulunmaktadir (Anonim, 2022b). 2023 yil1 verilerine goére koyun siitii iiretimi Tiirkiye
toplam siit iiretiminin % 4.3’iine karsilik gelmektedir (Anonim, 2024). Ulkemizde koyun yetistirme sistemlerinin
biiyiik gogunlugu diisiik girdili yetistiricilik sistemleridir (Cedden ve ark., 2020).

Ister ayni isletmede gerceklessin isterse farkli isletmelerde, tiim tarimsal faaliyetlerin dogrudan ya da dolaylt
olarak birbirlerini etkiledikleri malumdur. Bu anlamda tarimsal faaliyetin bir tarafinda hayvancilik oldugunda en
basta yem bitkileri iiretim kosullar1 ve iiretiminin koyunculuga etkisi beklenir. Ancak bunun yanisira genel
anlamda bitkisel iiretim kosullarinin ve iretiminin hayvanciliga etkisi de olabilir. Yogun bitkisel iiretim
gerceklestirilen yorelerde 6zellikle meraya bagli hayvancilik bazi kisitlara maruz kalabilmektedir. Ayni isletmede
farkl: bitkisel liretim faaliyetlerinin hayvanciligi ne denli etkiledgi ise baska bir sorudur. Bu anlamda ana faaliyet
alan1 siit koyunculugu olan isletmelerde gerceklestirilen bitkisel iiretimin koyunculuga genel etkilerinin
arastirilmasi bu ¢alismanin amacini olusturmustur.

2. Materyal ve Yontem
2.1. Materyal

Amaci gerceklestirmek iizere Canakkale’nin Ezine ilgesinde faaliyet gosteren siit koyunculugu isletmeleri
igerisinden, iiretim sistemi baglaminda miimkiin oldugunca birbirlerine benzeyen, Tahirova 1rk1 hayvanlara sahip
ve is giicii aile bireylerine dayanan 60 siit koyunu isletmesi takip edilmistir. Isletmelerde 2-2.5 aylik emistirme
donemi sonrasi yaklagik bir ay kuzular kesif yem agirlikli besiye alinmakta ve 25-35 kg canli agirliga ulastiklarinda
kasaplik olarak pazarlanmaktadir. Yorede, kuzularin siitten kesimi sonrasi koyunlar yaklasik 4 ay sagilmaktadir.
Koyunlar ki aylarinda giindiiz, yaz aylarinda ise gece olmak iizere neredeyse y1l boyu meraya ¢ikarilmaktadirlar.
Fizyolojik doneme goére degisen miktarlarda, agirlikli olarak arpa veya bugday ek yemlemesi yapilmaktadir.
Gebeligin ileri doneminde koyunlara fabrika yemi de verilmeye baglanmakta; dogum sonrasinda, laktasyon
sirecinde devam etmektedir. Kisithh mera olanaklarina sahip isletmeler agirlikli olarak arpa hasili tesis
etmektedirler. Zemini gogunlukla toprak olan koyun agillar1 genelde ahsap, briket ya da tugladan kapali barinak
seklindedir. Ancak barinagin dniinde gezinti alan1 bulunmaktadir.

2.2. Arastirma alanimin éozellikleri

Canakkale Anadolu yarimadasinin kuzeybatisinda (25° 40' - 27° 30" dogu ve 39° 27' - 40° 45' kuzey) yer alir.
9.933,0 kilometrekare yiizdlctimiine sahip Canakkale Avrupa ile Asya kitalarini birbirinden ayiran bogazin iki
kiyisinda konumlanmustir. Ezine ilgesi, Canakkale Merkez ilgenin giineybatisinda yer almaktadir. ilce merkezi
ovada yer almakta; kuzey ve giineyi tepelerle gevrilidir. Canakkale Tarim ve Orman Il Miidiirligii 2022
bilgilendirme raporuna gore Ezine 26.894 ha islenebilir tarim arazisine sahip olup bu arazinin %36.5’1 sulanabilir
tarim arazisidir. {lgenin orman ve fundalik ile kapli arazi biiyiikliigii 28.672,0 ha’dir. Ezine ¢ayir ve mera arazi
varlig1 nispeten kiigiiktiir (1.578,0 ha). Bu anlamda gerek orman ve fundaliklar gerekse hasat sonrasi tarim arazileri
kiiglikbas hayvanlar i¢in mera olarak kullanilmaktadir. Yine ayni bilgilendirme raporuna gore ilgenin koyun varligi
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102.167,0 bastir. Bu anlamda Canakkale ilgeleri arasinda koyun varlifi en yiiksek olan ilgedir. Tarim Bilgi
Sistemine gore 2023 yili itibariyla ilge topraklarmin 11.800,0 ha’1 zeytinliktir. Ayn1 yil 305 ha sebze, 5.425,0 ha
tahil ve 1.081,0 ha yem bitkileri ekimi gerg¢eklesmistir. Buna gore il¢e islenebilir arazilerinin %44l zeytinlik
olup %1’inde sebze, %20’sinde tahil ve %4’iinde yem bitkileri ekimi yapilmistir.

2.3. Yontem

Calismada iki yil siire ile yukarida tanmimlanan siit koyunculugu isletmeleri takip edilmistir. Calisma
baglangicinda isletmelere iliskin tanimlayici bilgileri, isletme yapisi, ekim alanlar1 ve hayvanlara ait bilgiler
belirlenmistir. Verilerin toplanmasina ilk yilin eyliil ayinda baslanmistir. Isletmeler gebelik basi (eyliil), dogum
donemi (ocak) ve siitten kesim-kuzu pazarlama doneminde (nisan) ziyaret edilerek siirii biiylikliigli degigimi ve
koyunculuga iligkin parametreler takip edilmistir.

Isletmelere ait koyunculuk parametreleri kog alt1 koyun sayis1 (KAKS), doguran koyun oram (DKO), kuzu
6liim oram (KOO), kog alt1 koyun basina satilan kuzu sayis1 (KBSKS), bu kuzulara ait ortalama canli agirliklar
(SOKCA) ve kog alt1 koyun basina satilan kuzu canli agirligindan (KBSKCA) olusmaktadir. Ayrica takip edilen
isletmelerin siit desteklemelerine esas faturalar {izerinden koyun bagina satilan siit miktar1 (KBSS) belirlenmistir.
Koyun basina briit gelirin (KBBG) hesaplanmasinda 2024 yili ortalama koyun siitii fiyati ile ortalama kuzu birim
canli agirhik fiyati1 dikkate alinmistir. Siit fiyat: ile kuzu fiyatin1 dengelemek icin kuzu biiyiitme gideri ortalama
kuzu birim canli agirlik fiyatindan diisiilmiistiir.

Isletmelere ait arazi 6zellikleri ile bitkisel iiretime ait bilgiler iiretici beyanlar1 dogrultusunda elde edilmis ve
Il Tarim ve Orman Miidiirliigii Ciftci Kayit Sistemi verileri ile teyit edilmistir. Isletme ziyaretlerine eyliil aymda
baglanip iki yil sonra nisan ayinda son ziyaret yapildig1 i¢in bitkisel {iretime iligkin veriler bu iki yilin ortasina
denk gelecek sekilde bir kez alinmustir. Isletmelerde sebze olarak genellikle domates iiretilmekte, tahil olarak ise
yemlik veya tohumluk muisir, arpa, bugday ve yulaf ekilmektedir. Yem bitkileri ise silajlik misir, sorgum-sudan
otu, fig ve yoncadan olugmaktadir.

2.4. Istatistiksel Analizler

Takip edilen 60 isletmeye ait iki yillik isletme koyunculuk parametrelerinin analizleri yilin sabit ve isletmenin
sansa bagl faktorler olarak yer aldig1 bir model ile tekrarli 6l¢iimler varyans analizi yontemiyle yapilmistir.

Gerek igletmeye iliskin siirii biyolojik 6zelliklerinin gerekse arazi varligi ile bitkisel {iretim arazi miktarlarinin
birbirleriyle iligkilerini, daha iyi bir ifade ile bunlarin hangilerinin olast ortak faktdrlerden etkilendiklerini ¢ok
boyutlu olarak 6zetlemek amaciyla temel bilesenler analizi ger¢eklestirilmistir.

Isletmelerin arazi ve sulanabilir araz1 varliginin koyunculuk 6zelliklerine etkisini belirlemek amaciyla, toplam
arazi varligi ile sulanabilir arazi varlig1 arasindaki iliskinin diisiik oldugu belirlendikten sonra ¢oklu regresyon
analizi kullanilmigtir. Analizde siiriiye iliskin her bir biyolojik parametre bagimli, toplam arazi varligi ve
sulanabilir arazi varligi bagimsiz degisken olarak yer almigtir. Yetistiricilerin bitkisel iretim alanlarmin
koyunculuk {iretim parametrelerine etkisini belirlemek amaciyla geriye dogru asamali regresyon yontemi
kullanilmistir. Bu analizde 6nce biitiin bagimsiz degiskenler modele alinmig, sonra her adimda modele en kiigiik
katkiy1 gosteren degigsken atilarak 0.10 diizeyinde anlamli F istatistigi iiretene kadar degiskenler birer birer
modelden ¢ikarilmistir.

Istatistiksel analizler SAS (2011) paket programinda gerceklestirilmistir.
3. Bulgular

Isletmelerin %21°ni topraksiz ¢iftciler olusturmaktadir (Sekil I). Takip edilen isletmelerin %51’ sulanabilir
araziye sahiptir. Isletmeler koyunculuk disinda en fazla tahil ekimi yapmakta, en az ise yem bitkisi yetistirmektedir
(Sekil 2). Arastirmaya konu isletmelerin toplam islenebilir arazi varlig1 327.7 ha olup ortalama islenebilir arazi
varlig1 7 ha’dir. Isletmelerin sahip oldugu toplam islenebilir arazinin %46°s1 sulanabilir niteliktedir. Sulanabilir
arazisi olan isgletmelerin icerisinde ortalama sulanabilir arazi varligir 6.4 ha’dir. Arazi varligi en yiiksek olan
isletmenin biiyiikliigii 20 ha, en kiigiigii ise 0.3 ha’dir.
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Figure 1. Proportion of farms according to cultivable land and crop production types

Sekil 1. Islenebilir araziye ve bitkisel iiretim cesitlerine gore isletmelerin orant

#Sebze M Zeytin Tahil = Yem Bitkileri

Figure 2. Proportional distribution of crop production classes in total cultivable land of farms
Sekil 2. Isletmelerin toplam islenebilir arazi varhig icerisinde bitkisel iiretim siniflarinin oransal dagilum

Tablo 1’de isletmelerin koyunculuk 6zelliklerine iliskin iki yila ait gézlemlerin karsilastirilmas: 6zetlenmistir.
Buna gore kog alti koyun sayilar1 ve doguran koyun oranlart bakimindan iki yi1l arasinda anlamli bir fark
gozlenmemistir (P>0.1910). Ancak diger 6zellikler bakimindan iki y1l, istatistiksel onemli derecede farklilagsmistir
(P<0.05). Tekrarlama derecelerine gore yillar arasinda en yiiksek benzerlik satilan ortalama kuzu canli
agirhigindayken, en diisiik koyun basina satilan kuzu sayisinda gergeklesmistir.
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Tablo 1. Isletmelerin koyunculuk ozellikleri bakimindan iki yilin karsilagtirilmasina esas en kiiciik kareler
ortalamalart (X), standart hatalar: (SH), istatistiksel anlamlilik degerleri (P), isletme varyans unsurlari (0'12 )y
isletme varyans unsurunun standart hatalari (SH o? ), kalinti varyanslari (6%), kalinti varyanslarinin standart

hatalart (SH o2 ) ve tekrarlama dereceleri (r)
Table 1. Least square means (X), standard errors (SH), statistical significance values (P) for the comparison of

two years in terms of sheep production characteristics and farm variances ( 012 '), standard errors of farm
variances (SH o2 ), residual variances (c2), standard errors of residual variances (SH o2) and repeatabilities (r)

Yil 1 _ Yil 2 . o o2 SHp o  SHp; r
KAKS,bas  107.1 1059 521 0.8073 8499 2394 7951 1460 0.52
KBSS, | 415 372 196 00267 1272 341 1044 193 0.5
DKO, % 972 968 032 01910 3.1 0.8 20 04 061
KOO0, % 69 54 050 00156 3.7 18 10.04 19 027
KBSKS*,bas 1.0 12 020 <0.0001 0.7 04 27 05 021
SOKCA;kg 325 319 035 00347 49 1.2 26 05 065
KBSKCA, kg 341 374 097 00025 227 79 311 6.3 0.40

KBBG, TL 6890.6 7319.3 190.48  0.0349 995472 309877 1167160 215880 0.46

KAKS: Kog alt1 koyun sayisi; KBSS: Kog alt1 koyun bagina satilan siit miktari; DKO: Doguran koyun oran1; KOO: Kuzu 6liim orani,
KBSKS: Kog alt1 koyun bagina satilan kuzu sayisi, SOKCA: Satilan kuzu ortalama canli agirligi, KBSKCA: Kog alt1 koyun basina
satilan kuzu canli agirhigi; KBBG: Kog alti koyun basina briit gelir; *Varyans unsuru-102,

KAKS: Number of ewes; KBSS: Amount of milk sold per ewe; DKO: Proportion of lambing ewes; KOO: Lamb mortality rate,
KBSKS: Number of lambs sold per ewe, SOKCA: Average live weight of lambs sold, KBSKCA: Live weight of lamb sold per ewe;
KBBG: Gross income per ewe: *Varyans component-107
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Figure 3. Progression of the eigenvalues of the components according to the principal component
analysis

Sekil 3. Temel bilesenler analizi sonucuna gore bilesenlerin 67 degerlerinin degisimi

Sekil 3’de temel bilesenler analizi sonucuna gore bilesenlerin 6z degerleri verilmektedir. Genellikle 6z
degerleri 1’in lizerinde olan bilesenler toplam varyasyonun en biiylik kismini agikladig: icin digerleri ihmal
edilebilir (Kaiser, 1991). Diger bir yaklagimda ise 6z degerlerdeki bilesenden bilesene degisimin aniden azalmasi
oncesindeki bilesenlerin 6zetleme igin yeterli oldugu ifade edilmektedir (Greenacre ve ark., 2022). Sekil 3’te
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goriilebilecegi gibi ligiincii bilesenden itibaren (dirsek noktast) 6z degerlerin diigiisiinde ani bir azalma olmaktadir.
Ancak 6z degerlerinin besinci bilesene kadar 1 degerinin iizerinde kaldigi goriilmektedir (diger bir dirsek
noktasinin buras1 oldugu da sdylenebilir). Nitekim temel bilesenler analizinde ilk ii¢ bilesen toplam
varyasyonun %61’ini agiklamaktadir. Buna karsin besinci bilesene kadar dikkate alindiginda bu deger %77’ye

¢ikmaktadir.
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Figure 4. Intersection of the first three principal component values based on sheep production data and crop
production areas

Sekil 4. Isletme koyunculuk verileri ve bitkisel iiretim alanlari temelinde ilk ii¢ temel bilesen degerlerinin
kesisimi
(KAKS (1): Kog altr koyun sayisi; KBSS (2): Kog alti koyun basina satilan siit miktar,; DKO (3): Doguran koyun orant; KOO (4): Kuzu 6liim
orani, KBSKS (5): Kog alti koyun bagsina satilan kuzu sayisi, SOKCA (6): Satilan kuzu ortalama canli agirigi, KBSKCA (7): Kog alti koyun

basina satilan kuzu canl agirligi; KBBG (8): Kog alti koyun bagina briit gelir; Toplam arazi varligi (9); Sulanabilir arazi varligi (10); Sebze
ekim alani (11); Zeytinlik (12); Tahil Ekim Alan: (13); Yem Bitkileri Ekim Alani (14))

(KAKS (1): Number of ewes; KBSS (2): Amount of milk sold per ewe; DKO (3): Proportion of lambing ewes; KOO (4): Lamb mortality rate,
KBSKS (5): Number of lambs sold per ewe, SOKCA (6): Average live weight of lambs sold, KBSKCA (7): Live weight of lamb sold per ewe;
KBBG (8): Gross income per ewe; Total Land Area (9); Irrigable land area (10); Vegetable growing area (11); Olive groves (12); Cereal
growing area (13); Fodder crops cultivation area (14))

Sekil 4°te ¢aligmada ele alinan tiim parametrelerin birbirlerine uzakliklarini1 gosteren temel bilesenler analizi
sonuglarinin ii¢ temel bilesen tizerinden gosterimine iliskin grafik verilmistir. Bu {i¢ bilegen varyasyonun %61’ini
aciklasa da li¢ boyut disinda gorsellestirmenin miimkiin olmamasi nedeniyle bu sekilde agiklanmaya ¢aligilacaktir.
Sekil 4’ten goriilebilecegi gibi ve beklendigi sekilde koyunculuga iliskin parametrelerin bir tarafta, arazi ve bitkisel
iiretim verilerine iligkin dzellikler ise diger yanda toplanmustir. Ozellikle kuzu iiretimi ve dzelliklerine iligkin
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isletme parametreleri birbirlerine yakindir. Koyun bagina briit gelirde kuzu tiretim parametrelerinin payinin yiiksek
olusu KBBG’nin de kuzu iiretim parametrelerine yakin olmasini saglamistir. ilging bir sekilde KOO ve DKO bu
parametrelerden oldukga uzakta yer almaktadirlar. Ote yandan KBBS’nin de koyunculuga iliskin iiretim
parametrelerinin uzagina diistiigii gézlenmistir. KAKS koyunculuk parametreleri ile bitkisel iiretim &zelliklerinin
arasinda yer almakta; 6zellikle yem bitkileri liretim alanina yakindir. Zeytin alanlari parametresi diger bitkisel
iiretim 6zelliklerinden oldukga uzaktadir.

Tablo 2’de igletmelerin toplam ve sulanabilir arazi varliklarinin koyunculuga iligkin parametrelere etkisine
iligkin regresyon analizi bulgular1 verilmistir. Buna gore isletmenin arazi varlig1 yalnizca KBSS miktarini olumsuz
olarak etkilemektedir (P=0.0159). Buna karsin sulanabilir arazi varliginin DKO {izerinde olumsuz, SOKCA,
KBSKCA ve KBBG iizerinde olumlu etkisi bulunmaktadir (P<0.0397).

Tablo 2. Isletmelerin arazi varligi (da) ve sulanabilir arazi varliklarinin (da) koyunculuk ozelliklerine etkisine
ait regresyon denklemlerine iliskin sabitler (), regresyon katsayilari (f8;), standart hatalar: (SH) ve
istatistiksel anlamlilik degerleri (P)

Table 2. Constants (B,), regression coefficients (B;), standard errors (SH) and statistical significance values (P)
for the regression equations of the effect of land area (da) and irrigable land area (da) on sheep production

traits
) Arazi Varhg Sulanabilir Arazi
Ozellik Sabit :
Po SH P B1 SH P B2 SH P R?

KAKS, bas 100.77 6.427 <0.0001 0.14 0.124  0.2691 0.24 0.150 0.1197 0.1434
KBSS, 1 41.58 2217 <0.0001 -0.11 0.042 0.0159 0.06 0.052 0.2444 0.0776
DKO, % 97.33 0.362 <0.0001 -0.00 0.007 09492 -0.02 0.008 0.0251 0.1260
KOO, % 6.45 0.597 <0.0001 -0.00 0.011 0.7329 0.00 0.013 0.9885 0.0029
KBSKS*, bag | 107.73 2.975 <0.0001 -0.02 0.057 0.6946 0.08 0.069 0.2431 0.0221
SOKCA, kg 31.59 0.409 <0.0001 -0.00 0.008 0.7117 0.02 0.010 0.0195 0.1069
KBSKCA, kg 34.16 1.115 <0.0001 -0.01 0.022 0.5520 0.05 0.026 0.0397 0.0470
KBBG, TL 6910.77 211341 <0.0001 -529 4.075 0.1981 10.84 4932 0.0308 0.0575

KAKS: Kog alt1 koyun sayisi; KBSS: Kog alti koyun basina satilan siit miktar1; DKO: Doguran koyun orani; KOO: Kuzu 6liim oran1, KBSKS:
Kog alt1 koyun bagina satilan kuzu sayisi, SOKCA: Satilan kuzu ortalama canli agirligi, KBSKCA: Kog alt1 koyun basina satilan kuzu canli
agirlig;; KBBG: Kog altt koyun bagina briit gelir; *Regresyon denkleminin sabiti ile katsayilar1 ve standart hatalari “10” ile garpilmalidir.
KAKS: Number of ewes; KBSS: Amount of milk sold per ewe; DKO: Proportion of lambing ewes; KOO: Lamb mortality rate, KBSKS:
Number of lambs sold per ewe, SOKCA: Average live weight of lambs sold, KBSKCA: Live weight of lamb sold per ewe; KBBG: Gross
income per ewe; *The constant and the coefficients and standard errors of the regression equation should be multiplied by “1072”.

Tablo 3’te geriye dogru asamali regresyon yontemi ile analiz edilen bitkisel iiretim arazi biiyiikliiklerinin
isletmenin siit koyunculuguna etkileri 6zetlenmistir. Kog¢ alti koyun sayisinin bagimsiz degisken oldugu
denklemde, regresyon katsayilarinin sifirdan farkina iliskin 6nem seviyesi P <0.10 olan bitki tiirleri grubunun yem
bitkileri oldugu goriilmektedir. Yem bitkileri ekim alani biiyiidiikge siiriiniin de biiyiidiigii ifade edilebilir. KBSS
bakimindan ise modelde zeytinlik varligi regresyon katsayisinin istatistiksel olarak onemli oldugu goriilmektedir
(P=0.0321). Buna gore isletmenin zeytinlik arazisi biiyiidiikce KBSS diigmektedir. DKO tahil ekim alani
biiyiikliigiinden istatistiksel Snemli derecede negatif olarak etkilenmektedir (P=0.0017). Ote yandan SOKCA ise
tahil ekim alan1 biiylikliigiinden olumlu etkilenmektedir (P=0.0463). Benzer sekilde KBSKCA tahil ekim alan1
biiyiikliigiinden olumlu etkilenmektedir (P=0.0843).

4. Tartisma

Calismaya konu isletmelerin %21 inin topraksiz olduklar1 belirlenmistir (Sekil I). Topraksiz koylii ya da ¢iftei,
ozellikle erken Cumhuriyet tarihimizde iizerinde ¢ok¢a durulan konular arasindadir (Karadmerlioglu, 1998; Onal,
2010; Aydin, 2018). Ancak giincel topraksiz ¢ift¢i istatistigine ulagsmak miimkiin olmamistir. Bu konuda
ulasilabilen en erken tarih olan 1981 yilinda kirsalda topraksiz aile oran1 %27.2°dir (Oral, 2006). Giiniimiizde de
bu oranin ¢ok diisiik olmadig1 tahmin edilmektedir. Nitekim bu ¢alismada siit koyunu yetistiricilerinin %21 nin
topraksiz olmasi ve kiiciikbag hayvan yetistiricili§ine yonelik yapilan birkag ¢alismada bu oranin %3.1 ile %35.2
arasinda degismesi, en azindan topraksiz ¢iftci konusunun kiigiikbag yetistiricisi acisindan siirdiiglini
gostermektedir (Paksoy ve ark., 2006; Bilginturan ve Ayhan, 2009; Kandemir ve ark., 2015). Ote yandan arazisi
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bulunan igletmeler icerisinde ortalama arazi varliginin diisiikliigii aragtirmaya konu siit koyunu yetistiricilerinin
toprak fakiri olduklarini gostermektedir.

Tablo 3. Isletmelerin bitkisel iiretim alanlarinin (da) koyunculuk izelliklerine etkilerine ait regresyon
denklemlerine iliskin sabitler (B), regresyon katsayilart (f3;), standart hatalar: (SH) ve istatistiksel anlamlilik
degerleri (P)

Table 3. Constants (B,), regression coefficients (B;), standard errors (SH) and statistical significance values (P)
of regression equations for the effects of crop production area (da) on sheep production traits

Ozellik Faktor Sabit Zeytin Tahil Yem Bitkileri R?
Bo) Bi 107.62 - - 1.16
KAKS SH 4.802 - - 0.384 0.1009
P <0.0001 - - 0.0032
(Bo) Bi 39.60 -0.20 - -
KBSS SH 1.65 0.100 - - 0.0548
P <0.0001 0.0321 - -
Bo) Bi 97.57 - -0.02 -
DKO SH 0.347 - 0.007 - 0.1134
P <0.0001 - 0.0017 -
(Bo) B: 31.40 - 0.02 -
SOKCA SH 0.015 - 0.008 - 0.0480
P <0.0001 - 0.0463 -
Bo) Bi 33.49 - 0.04 -
KBSKCA SH 1.084 - 0.020 - 0.0359
P <0.0001 - 0.0843 -

KAKS: Kog alt1 koyun sayisi; KBSS: Kog alt1 koyun bagina satilan siit miktar;; DKO: Doguran koyun orani; SOKCA: Satilan kuzu ortalama
canli agirligt KBSKCA: Kog alt1 koyun basina satilan kuzu canli agirligi
Geriye dogru asamali regresyon yontemi sonucunda tiim etkilerin modelden ¢ikarildiklar1 parametreler ile bagimli parametrelerin hi¢birinin
regresyon denkleminde yer almamasi durumunda bagimsiz degiskenler (bitki gruplari) tabloda yer almamaktadir.
KAKS: Number of ewes; KBSS: Amount of milk sold per ewe; DKO: Proportion of lambing ewes; SOKCA: Average live weight of lambs
sold, KBSKCA: Live weight of lamb sold per ewe
Parameters for which all effects were removed from the model as a result of the backward stepwise regression method and independent
variables (plant groups) that are not included in the regression equation of any of the dependent parameters are not included in the table.
2022 yilma gore Tiirkiye ekilebilir topraklarmin %69’unda tarla bitkileri ekimi, %3’{inde sebze ekimi
yapilmaktadir. Zeytinlikleri de i¢ceren meyve, icecek ve baharat bitkileri ekim/dikim alani ise Tiirkiye’ nin toplam
ekilebilir topraklarmin %15’ine denk gelmektedir (Anonim, 2023). Calismaya konu isletmelerin tahil ekim
topraklarina yem bitkileri de eklendiginde %71 ile yaklagik Tiirkiye’yi temsil ettigi gézlenmektedir (Sekil 2).
Benzer sekilde igletmelerin toplam arazi varliklariin %14°tinii olusturan zeytinlikler de Tiirkiye meyve, igecek ve
baharat bitkileri ekim/dikim alani oranina yakin bir degerdedir. Her ne kadar isletmelerin %28’i yem bitkileri
ekimi yapmaktaysa da isletmelerin toplam arazi varliginin %9’unda yem bitkileri ekimi yapilmaktadir. Bu oran
Tiirkiye i¢in %8’dir (Acar ve ark., 2020). Calismaya konu igletmelerin toprak varliginin bitkisel {iretim
anlamindaki dagilimin Tiirkiye’nin geneliyle ortiismesine karsin bu igletmelerin hepsinin siit koyunu yetistiriciligi

de yapiyor olmalari akilda tutulmalidir.

Isletmelerin siirii biiyiikliikleri (KAKS) ortalamasinin Canakkale i¢in bildirilen ortalama degerlerin biraz
tizerinde oldugu gdzlenmistir (Ayag ve ark., 2018). ller bazinda yapilan ¢aligmalarda ortalama siirii biiyiikliikleri
74.2 ile 381.9 arasinda degismektedir (Kocaman ve Giinal, 2006; Paksoy ve ark, 2006; Bilginturan ve Ayhan,
2009; Ceyhan ve ark., 2015; Demir ve ark., 2015; Tamer ve Saridzkan, 2017; Ozyiirek ve ark., 2018; Aritunca ve
Karabacak, 2020; Oral Hanoglu ve ark., 2021; Kdseman ve ark., 2022; Bozkurt ve ark., 2023). Siirii biiyukligi
muhtemelen aile biiyiikliigii, arazi varligi, mera olanaklar1 gibi faktorlerce belirlenmektedir.

Ayag ve ark. (2018) 2009-2016 yillar1 arasinda Canakkale il genelinde ¢ig siit desteklemelerine tabi olan
miistahsil makbuzlari {izerinden 1.152,0 isletmeye ait koyun basina satilan siit miktarin1 tahmin etmiglerdir. Bu
degerin Krivircik siiriilerinde 37 1, Sakiz siiriilerinde 47.4 1 ve Tahirova siiriilerinde ise 67.5 1 oldugu belirlenmistir.
Bu caligmanin 6znesi siit koyunculugu igletmeleri olmasina karsin koyun basina satilan siit miktarinin nispeten
diisiik olmasinin bir nedeni yillarin etkisi olabilir. Ancak bu degerlendirmede 6rnek biiyiikliikleri arasindaki farkin
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da dikkate alinmasi gerekir. Ote yandan satilan siit miktar1 iizerine 6zellikle siit fiyatlarmin etkili olabilecegi
diistiniilmektedir. Ornegin siit fiyatin diisiik oldugu yillarda kuzular daha geg siitten kesilerek, muhtemelen daha
ziyade kuzu biiylitmeye odaklanilmaktadir.

Doguran koyun orani ya da tersi kisir kalan koyun orani koyunculukta 6nemli bir tiretim parametresidir. Saha
calismalarindan elde edilen bulgularda doguran koyun orani (ya da kisirlik oraninin tersi) %87.7 ile %97.8 arasinda
degismektedir (Bilginturan ve Ayhan, 2009; Bing6l ve Aygiin, 2013; Demir ve ark., 2015; Sireli, 2019; Aritunca
ve Karabacak, 2020; Demir ve Aygiin, 2021; Tirkmen ve Cak, 2021). Buna karsin kisir koyun orani enstitii
kosullarinda Ceyhan ve ark. (2007) tarafindan Kivircik rki icin %20.2, Gokgeada 1rki igin %32.4 ve Sakiz ki
icin %25.5 olarak bildirilmistir. Muhtemelen halk elindeki siiriilerde koclar daha uzun siire, hatta siirekli
koyunlarm iginde bulunmaktayken enstitii kosullarinda belirlenen agim donemi sonrasinda koglar ayrilmaktadir.

Tiirkiye’de yapilan ¢alismalarda kuzu donemi 6liim orani igin %3.62 ile %9.5 arasinda degerler rapor edilmistir
(Bilginturan ve Ayhan, 2009; Demir ve ark., 2015; Tamer ve Sariézkan, 2017; Sireli, 2019; Tiirkmen ve Cak,
2021). Bu anlamda bu arastirmada bulgulanan kuzu 6liim oranlarinin makul sinirlar igerisinde oldugunu séylemek
gerekir. Ote yandan birinci ve ikinci y1l igin sirastyla 32.5 kg ve 31.9 kg olan kuzu ortalama satis canli agirliklar:
Tahirova kuzulari igin bildirilen siitten kesim (90. giin) canli agirliklarina yakin degerlerdir (Savas ve ark., 2022).

Kog alt1 koyun bagma satilan kuzu canli agirligi isletmenin verimliligine iliskin oldukea iyi ve pratik bir
gostergedir. Bu 6zellik kisirlik orani, dogum tipi ve kuzu satisina dek biiyiimenin bir fonksiyonudur. Bu deger
paraya c¢evrildiginde ve buna kog alt1 koyun basina siit verimi eklendiginde kog alt1 koyun basina briit gelir elde
edilir. Buradan yola ¢ikarak kog alt1 koyun bagina maliyet hesaplanarak net gelir bulunabilir. Béylece optimum
stirti biiyiikligiinii de tahmin etmek miimkiin olacaktir.

Ozellikler bakimindan calismanin yiiriitiildiigii iki y1l icin orta ve orta diisiik tekrarlanabilirlikler isletmelerin
birbirlerinden ¢ok farklilagmadiklarina isaret etmektedir (7ablo ). Yillar arasi isletmeler arasi varyasyon ile
isletme i¢i varyasyonun birbirine yakin oldugu goriilmektedir.

Bu ¢alismada temel bilesenler analizi ele alinan parametrelerin birlikte 6zetlenmesi amaciyla kullanilmistir.
Bilindigi gibi temel bilesen analizi degiskenler arasindaki iliskileri kullanarak ¢ok sayida degiskeni bilesenler
halinde 6zetlemektedir. Temel bilesenler analizindeki amag gézlenen degiskenlere ait bilgileri miimkiin oldugunca
kaybetmeden degisken sayisini azaltmaktir. Bu ¢aligmada analiz sonucunda gorsel olarak hangi parametrelerin
birlikte hareket edebilecegine iliskin fikir edinmek amaglanmistir. Oncelikle bilesenlerin 6z degerlerinin degisimi
ele alinarak, parametrelerin birlikte ele alinmasindan kag “6zellikte” dzetlenebilecegi tizerinde fikir edinilmistir
(Sekil 3). Sekilden toplam varyasyonun biiyiik kismimnin 5 bilesen ile agiklanabildigi goériilmektedir. Ancak 5
boyutlu olarak gorsellestirmek miimkiin olmadig1 i¢in parametreler arasi iligkiler, varyasyonun % 61’ini agiklayan
ii¢ temel bilesen ile {i¢ boyutlu olarak gorsellestirilmistir (Sekil 4). S6z konusu grafikte sulanabilir arazi varliginin
yem bitkileri ekimini tesvik ettigi, onun da siirii biiyiikliigiine etkili oldugu sonucu ¢ikarilabilir. Ote yandan kuzu
iiretimine iligkin parametrelerin birbirlerine yakinlig: dikkati ¢cekmektedir. Koyun basina gelirin biiyiik kisminin
da kuzu parametrelerinin etkisi altinda oldugu agik¢a goriilmektedir.

Isletmelerin toplam ve sulanabilir arazi biiyiikliiklerinin koyunculuk faaliyetine dogrusal etkilerine
bakildiginda satilan siit miktarinin toplam arazi biiyiikliigiinden olumsuz etkilendigi gézlenmektedir (7ablo 2).
Muhtemelen bunun sebebi arazi varligimin bilylimesinin is yogunlugunu artirtyor olmasi; aile isgiiciine dayali bu
isletmelerde bitkisel iiretim faaliyetleri ile sagim doneminin kesismesi neticesinde satilan siitiin azalmasidir.
Ozellikle siit fiyatlarini nispeten diisiik oldugu yillarda bu durumun daha da belirginlesecegi diisiiniilebilir (Ayag
ve ark., 2018). Diger koyunculuk parametreleri iizerine toplam arazi biiyiikliigiiniin dogrusal bir etkisi
goriilmemektedir. Ancak sulanabilir arazi biiylikliigii doguran koyun oranini olumsuz etkilemesine karsin, satilan
kuzu ortalama canli agirligini, koyun basma satilan kuzu canli agirligini ve koyun bagma briit geliri olumlu
etkilemektedir. DKO’nun sulanabilir arazi biiytikliiglinden olumsuz etkilenmesinin altinda olasilikla yatan neden
sulama gerektiren sebze liretim donemi (agirlikla domates iiretimi) ile agim doneminin ¢akismasi, ancak yogun
sebze iiretim faaliyeti nedeniyle koyunculuga “ilginin” azalmasidir. Ote yandan kuzu biiyiitme dénemi nispeten
bitkisel tiretim faaliyetlerinin daha az oldugu bir donemdir. Ayrica sulanabilir arazi varligi nedeniyle kaliteli kaba
yem iiretme olanaginin bulunmasi ve bu iiretimin kuzu biiyiitmeyi desteklemesi kuzu parametrelerinin sulanabilir
arazi biiyiikliigiinden olumlu etkilenmelerini agiklayabilir.
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Bitki gruplarmin koyunculuk parametrelerine dogrusal etkisine bakildiginda yem bitkileri ekim alani
biiylikligi siirii biyiikligiini (KAKS) desteklemektedir (7ablo 3). Beklendigi gibi yem bitkileri liretme olanagi
olan veya yem bitkileri iireten isletmeler daha fazla sayida koyuna bakabilmektedirler. Ote yandan zeytinlik
biiyiikliigii satilan siit miktarini olumsuz etkiliyor géziikkmektedir. Zeytinliklerde ilkbahar ve erken yaz déneminde
bakim isleri nispeten yogundur (Ozcan, 2020). Bu dénem sagim dénemine denk gelmektedir. Dolayistyla yukarida
belirtildigi gibi aile iggiiciiniin dagilmasi ve sagimin sekteye ugramast; hatta siit fiyatlarinin nispeten diisiik oldugu
bazi yillarda tamamen birakilmasi s6z konusu olabilir. Geriye dogru asamali regresyon yontemi ile olusturulan ve
bagimli degiskenlerin koyunculuk parametreleri, bagimsiz degiskenlerin ise bitki gruplari arazi ekim biiyiikliikleri
analizi sonucuna gére DKO’nun tahil ekim alan1 biiyiikliigiinden olumsuz etkilendigi gézlenmektedir. Bu noktada
Tablo 1’deki bulgulara atfen sebze iiretiminin de DKO miktarini olumsuz etkilemesi beklenebilir. Ancak iki farkl
analiz sonucu farkli noktalar1 igaret etmektedir. Muhtemelen sulanabilir arazi varligi, tamamen olmasa da sebze
ekimini daha fazla yansitmaktadir. Ayn1 zamanda suya bagli diger bitkilerin (yem bitkileri gibi) tiretimini de
icermektedir. Hatta sulanabilir arazi olmasina kargin kuru kosullarda yetistirilen bitkiler de bu alanin igerisinde
olabilir. Ancak gercekten de tahil iiretim alan1 biiytikligiiniin DKO’ya dogrusal olumsuz etkisini agiklamak zordur.
Buna karsin tahil iiretim alani biiytikliigii SOKCA (P=0.0463) ve KBSKCA’y1 (P=0.0843) desteklemektedir.
Muhtemelen {iretilen tahillar koyun ve kuzu beslemede yogun olarak kullanilmaktadir (Ayag ve Savas, 2011).

Buna bagli olarak enerji yogun tahillar kuzu canli agirliklarini artirmaktadir. Ancak regresyon modellerinin
determinasyon katsayilarmin diisiikliigii (R?>=0.0359-0.1134) yorumlara dikkatle yaklagilmasim gerektirmektedir.

Siit koyunculugunun ve hatta tim hayvancilik faaliyetlerinin, genel hayvancilik bilgisi dahilinde s6z konusu
faaliyetleri gerceklestiren isletmelerin arazilerinde hayvanciligi destekleyecek iiretim yapmalar1 beklenir. Diger
bir deyisle isletmelerin arazi varliklarmin tiim hayvancilik parametrelerini olumlu etkilemeleri gerektigi
diistiniilebilir. Ancak aragtirmaya konu isletmelerde bu durumun gergeklesmedigi goézlenmektedir. Bunun
muhtemel nedenleri arasinda koyunculukta beslemenin tamamen meraya baglanmasi yoniindeki aliskanliklarin
oldugu sdylenebilir. Ote yandan bazi bitkisel iiriinlerin, koyunculugu destekleyecek bitkisel iiretimden daha
yiiksek getirisinin olmasi da muhtemeldir. Yillar bakimindan farklilagsa da domates {iretiminin boyle bir yoniiniin
oldugu tahmin edilmektedir.

5. Sonuc¢

Bu ¢aligmada 6nemli bir yan bilgi olarak Tiirkiye’de topraksiz cift¢iligin halen azimsanmayacak boyutta
olabilecegi ortaya konmustur. Ozellikle kii¢iikbas hayvancilik ile istigal eden ciftcilerde bu durumun daha belirgin
olabilecegi tahmin edilmektedir. Ote yandan yine koyunculuk ile ugrasanlarin toprak fakiri olduklari da
sOylenebilir. Buna bagl olarak topraksizlik ya da toprak fakirligi kdyliileri muhtemelen kiigiikbag hayvan
yetistiriciligine yonlendirmektedir.

Arastirmaya konu igletmeler her ne kadar siit koyunculugu faaliyeti icerisinde bulunsalar da kuzu gelirinin siit
gelirinden daha yiiksek oldugu ortaya c¢ikmaktadir. Bu anlamda Tiirkiye’nin koyun siitii gereksinimi ve siit
koyunculugu iiretim sistemlerinin detayli analizine ihtiya¢ bulunmaktadir.

Her ne kadar koyunculuk parametrelerini olumsuz etkileyen bitkisel {retim faaliyetlerinin, bunlarla
koyunculuk faaliyetlerinin ¢akigmasi neticesinde is yogunluguna baglanabilecegi tartisilsa da bu durumun net
olarak sdylenebilecegi konusunda emin olunamamaktadir. Ancak bu arastirmada 6zellikle ele alinan kuzu iiretim
parametrelerinin bazi bitkisel iiretim gruplarindan olumlu etkilenmesi bu iiretim gruplarinin nispeten yiiksek
getirisi olan kuzu iiretimini destekledigini gdstermektedir. Nitekim muhtemelen siitten ziyade kuzunun getirisinin
biiyiik olmast yetistirici konsantrasyonunun da kuzuya yonelmesine neden olmaktadir.

Etik Kurul Onay1

Bu caligma igin etik kuruldan izin alinmasima gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigimi beyan ederiz
Yazarhk Katki Beyam
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Bulgularin Degerlendirmesi: Savas, T., Ayag, B.S.; Makalenin Kaleme Alinmast: Savas, T., Ayag, B.S.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Development of New Models Using Empirical Modeling of Global Solar Radiation and
Its Application in Usak City, Turkey

Global Giines Radyasyonun Ampirik Modellenmesi i¢in Yeni Modellerin Gelistirilmesi ve
Usak ilinde Uygulanmasi

Rabia ERSAN", Recep KULCU?
Abstract

With this study, 12 empirical models in the literature, 2 new models developed within the scope of this study,
SARAH and CMSAF satellite-based models, COSMO and ERAS re-analysis solar radiation data sets in the PVGIS
database were compared in order to detect the monthly average global solar radiation coming to the horizontal
plane of Usak province. New models developed within the scope of the study; it uses the region's temperature,
cloudiness coefficient and sunset hour angle. In comparison of the datas within the scope of the study; coefficient
of determination (R?), mean percent error (MPE), deviation error (MBE), root mean square error (RMSE), absolute
relative error (ARE) parameters were used. As a result of the evaluations, the method that most successfully
predicts the global solar radiation values of Usak province was tried to be determined. According to the monthly
evaluation of the models; It was determined that 14 models and satellite-based systems have absolute relative error
values below 5% in March-April-May-June, September-October and December. The most accurate estimates were
realized for May in 16 of 18 different estimation methods used in the study. The coefficient of determination of
empirical models and PVGIS data sets was above 0.97. When the success of the models was evaluated according
to the RMSE values, It was determined that the logarithmic based Model 14 (0.90058 RMSE, 0.98327 R?, -
1.079894 MPE, -0.05033 MBE, 0.185628 t) which was obtained by using the sunset hour angle and the max-min
temperature difference developed within the scope of this study, made the most accurate estimations. COSMO
data from spatial data (1.053134 RMSE, 0.979036 R?, -1.196348 MPE, -0.25105 MBE, 0.8141 t) made successful
estimations, but the accuracy of the COSMO data was lower than the data estimated by Model 14. It was concluded
that used the models and satellite-based systems were generally successful. As a result, In the studies to be carried
out for the global solar radiation forecast of Usak province. It has been concluded that Model 14 developed within
the scope of the study can be used in precise calculations and COSMO data from PVGIS datas can be used in more
superficial or pre-feasibility studies.

Keywords: Solar energy, Global solar radiation, Modelling, PVGIS, Usak (Turkey).
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Ersan & Kiilcii
Development of New Models Using Empirical Modeling of Global Solar Radiation and Its Application in Usak City, Turkey

Oz

Bu caligma ile Usak iline yatay diizleme gelen aylik ortalama global giines radyasyonunun tespit edilebilmesi i¢in
literatiirde yer alan 12 amprik model, bu calisma kapsaminda gelistirilen 2 yeni model ve PVGIS veri tabaninda
yer alan SARAH ve CMSAF uydu tabanli ile COSMO ve ERAS5 yeniden analiz veri setleri kargilastiriimistir.
Calisma kapsaminda gelistirilen yeni modeller; bolgenin sicaklik, bulutluluk orani ve saat agisin1 kullanmaktadir.
Calisma kapsamindaki verilerin karsilastirilmasinda; determinasyon katsayisi (R?), ortalama yiizde hata (MPE),
sapma hatasi (MBE), ortalama karekok hatasi (RMSE) ve yiizde hata (Iel) parametreleri kullanilmigtir.
Degerlendirmeler sonucunda Usak ilinin global giines radyasyonu degerlerini en basarili tahmin eden yontem
belirlenmeye calisitlmistir. Modellerin aylik degerlendirmesine gore; Mart-Nisan-Mayis-Haziran, Eyliil-Ekim ve
Aralik aylarinda 14 modelin ve uydu tabanli sistemlerin mutlak bagil hata degerlerinin %5'in altinda oldugu
belirlenmistir. Mayis ay1 i¢in calismada kullanilan 18 farkli tahmin yonteminden 16'sinda en dogru tahminler
gerceklesmistir. Ampirik modellerin ve PVGIS veri setlerinin belirleme katsayisi 0,97'nin {izerindedir. Modellerin
bagarist RMSE degerlerine gore degerlendirildiginde bu ¢aligma kapsaminda gelistirilen; saat acis1 ve maks- min
sicaklik farkini kullanan logaritmik tabanlt Model 14’{in (0.90058 RMSE, 0.98327 R?, -1.079894 MPE, -0.05033
MBE ve 0.185628 t) en dogru tahminleri yaptig1 belirlenmistir. Konumsal verilerden COSMO yeniden analiz
verisi (1.053134 RMSE, 0.979036 R?, -1.196348 MPE, -0.25105 MBE ve 0.8141 t) basarilh tahminler
gergeklestirmig fakat COSMO verilerinin dogruluk seviyesi Model 14 tarafindan tahmin edilen verilerden daha
disiik gerceklesmistir. Calisma ile kullanilan modellerin ve uydu tabanli sistemlerin genel olarak basarili oldugu
sonucuna vartlmigtir. Sonug olarak Usak ilinin global giines radyasyonu tahmini i¢in gerceklestirilecek hassas
hesaplamalarda ¢alisma kapsaminda gelistirilen Model 14’{in kullanilabilecegi, daha yiizeysel ya da on fizibilite
calismalarinda PVGIS igerisinde yer alan COSMO yeniden analiz verisinin kullanilabilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Giines enerjisi, Kiiresel giines radyasyonu, Modelleme, PVGIS, Usak (Turkey).
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1. Introduction

The need for energy was constantly increasing due to industrialization, agricultural production and
developments in urban life in the World. Fossil energy resources were used a large extent to meet the rapidly
increasing energy need since the industrial revolution. However, there had been a rapid transition from fossil
energy sources, which were the main source of GHGs (Greenhouse gases) that cause global climate change, to
renewable resources in recent years. Solar energy was the source with the highest potential among renewable
energy sources. Solar energy was a source of heat and light for our World and the living creatures on it, as well as
in shaping climates. Turkey due to the geographical feature has a high solar energy potential (Artkin, 2018). The
average annual sunshine duration of Turkey was calculated as 2640 hours (daily total of 7.2 hours), average total
solar radiation was 1311 kWh m year! (daily total of 3.6 kWh m™), solar energy potential was 380 billion kWh
year! (Anonymous, 2020a).

Onler and Kayisoglu (2023), were determined Monthly, seasonal, and annual optimum tilt angles using
meteorological insolation data from many years in the provinces of Tekirdag and Konya in the study they
conducted. At optimum tilt angles, monthly, seasonal, and annual total radiation on the tilted surface were 1516.7
kWh m? year!, 1504.1 kWh m year! and 1448.1 kWh m? year! in Tekirdag, respectively. In Konya, these
values were 1851.4 kWh m™ year!, 1833.51 kWh m™ year! and kWh m™ year!, respectively. In both provinces,
it was observed that there was no significant difference in the total radiation values coming to the tilted surface in
monthly and seasonal optimum tilt angles (1%). At the annual optimum tilt angle, a decrease of approximately 5%
was observed in the total amount of radiation coming to the tilted surface compared to the monthly optimum tilt
angle.

As can be seen from literature studies, due to the differences in the angle of incidence of global solar radiation
on the horizontal surface, the solar energy falling on the horizontal surface varies spatially, and therefore the ideal
model must be determined for each location. There are many models used in global solar radiation prediction.
However, these prediction models vary according to the climate and geographic characteristics of the region
involved. When the prediction model determined for a region is used in a different region, the prediction model
may not work. In order to gain absolute and stable results from these models, the studies should be either custom-
made or teste (Kiilcli and Ersan, 2021).

Solar radiation observations were useful data sources used to measure the average incident radiation. In the
lack of solar radiation observations, it was possible to estimate the solar radiation using data obtained from nearby
locations with similar climates or empirical models using parameters such as sunshine duration, cloudiness,
environmental temperature and etc. (Duffie and Beckman, 1980; Kallioglu et al., 2015). Since the repair,
maintenance and investment costs of solar radiation measuring devices are very high, they cannot be placed at
every measurement point. For this reason, empirical models or satellite-based forecasting systems are usually used
in solar radiation calculations (Isik and inalli, 2011; Giil and Celik, 2017).

Psiloglue et al. (2020), examined the performance of the estimated solar radiation components obtained via the
Meteorological Radiation Model, satellite-based data sets (CAMS, PVGIS-CMSAF-SARAH) and reanalysis
(PVGIS-ERAS) against ground measurements taken with the Sunshine-Pyranometer at Methoni Station, Greece.
Then, they compared the estimation results obtained. The MRM uses astronomical values (solar constant,
seasonally adjusted Sun-earth distance, solar altitude and azimuth, inclination) and widely available
meteorological parameters (air temperature, relative humidity, surface pressure and sunshine fraction) as inputs.
The results showed that MRM simulates the global (RMSE~12%) and direct horizontal (RMSE~16-21%)
irradiations in higher accuracy compared to CAMS (RMSE ~19-28%, respectively), while CAMS represented
better the diffuse radiation (RMSE 46% for MRM and RMSE 38% for CAMS). The PVGIS data sets revealed
high uncertainties in the simulation of the instantaneous solar irradiances; their performance was lower compared
to MRM and CAMS, although a direct comparison cannot be applied. CMSAF showed better estimates, while the
reanalysis ERAS resulted in similar statistics with the satellite-based SARAH.

Supit and Van Kappel (1998) aimed to use daily global radiation estimates as input for the European Union
Plant Growth Monitoring System. For this purpose, they developed an estimation model from the maximum-
minimum temperature and average daily cloudiness datas obtained from meteorological sources. The developed
model had been tested in various regions of Europe from Finland to Italy. Comparison of measured and estimated
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global irradiance values in the tested regions was made, and an average of 2.48 RMSE and -0.25 MJ m? day MBE
values were found.

Almorox et al. (2013) in the daily global solar radiation estimation study from the temperature data of Canada
de Luque, Cordoba, Argentina region; they made estimations of solar radiation with Hargreaves-Samani, Allen,
Samani, Bristow-Campbell, Almorox and linear regression models. The results showed that, all the analyzed
models were robust and accurate (R? and RMSE values between 0.87 to 0.89 and 2.05 to 2.14, respectively), so
global radiation can be estimated properly with easily available meteorological variables when only temperature
data are available. While Hargreaves-Samani, Allen, and Bristow-Campbell models can be used with typical
values to estimate solar radiation, Samani and Almorox models have been suggested to be used after their
coefficients are calibrated for the region in which they will be used by concluding that only Model 3 has a
significant improvement (0.887 R?) for its local applicability.

Kulcu et al. (2017) made estimation a monthly average daily global solar radiation using 6 empirical models
in Mersin province, Turkey. Model 6 in Equation 1 where -hour angle and cloudiness coefficient were used and
found as the most successful estimation model for Mersin province with 0.8576 RMSE, -0.3251 MBE, -4.7622
MPE values, respectively.

1.333962 (i>
S

0.044188wg

H

Ho

+0.002578 w, (Eq. 1)

In this study; the data of Usak (Turkey) meteorology station, the solar energy estimation models developed by
other researchers and developed in this study, the solar radiation data obtained using forecasts with the SARAH
and CMSAF satellite-based and the re-analysis data sets of COSMO and ERAS in PVGIS were compared. The
ideal global solar radiation estimation model has been determined for the city of Usak, Turkey.

2. Materials and Methods

Solar energy calculations on the horizontal surface within the scope of the study; 35S 653505 -36S 241430
longitude, 4228190-4311902 (UTM grid system) and 907 m elevation was carried out for the provincial borders of
Usak province (Figure 1). Usak Province is located in the Central Western Anatolia part of the Aegean region,
Afyonkarahisar in the east, Manisa in the west, Kutahya in the north and Denizli in the south. The area of the province
is 534.063 hectares and it has 6 districts. The region generally consists of mountainous and rugged lands. It looks like
wavy plateaus split by a dense network of valleys. In places, mountains rise above the plateau plains. Murat Mountain,
the most important of these mountains and also the highest point of Innerwest Anatolia, has an altitude of 2309 meters.
57.5% of the provincial lands consist of plateaus, 37% of mountains and 5.5% of plains. Murat, Bulkaz and Ahir
Mountains form the natural borders of the province in the north, northeast and east. The west of the provincial lands
opens to the Aegean Region with the Gediz valley. The provincial lands look like wavy plateaus split by many valleys.
These plateaus descend from northeast to southwest and take a slightly wavy appearance in some parts. The province
of Usak is geographically located between the Aegean and the Central Anatolia region. As a natural result of this
location, transition climate characters prevail in Usak province (Anonymous, 2020b). In Table 1, the average climate
data of Usak for many years (1939-2020) were presented. The average monthly total precipitation amount was 557.6
mm, the average temperature was 12.5 °C, the average lowest temperature was 6.8 °C, and the average maximum
temperature was 18.5 °C (Anonymous, 2020c). The annual radiation amount is in the range of 1550-1650 kWh m™
year. On province basis, the average incoming solar radiation in Turkey 1350 kWh m? years. Considering this situation,
Usak province is one of the suitable conditions to invest in solar energy (Anonymous, 2020a).

Table 1. Climate data of Usak for long years (1939-2020) (Anonymous, 2020c)

. &8 5 5 5 -

2% z: 2 8B :ii: &1

E £ 3 £ 2 2 2 ¥ £ 3 § g E

S 2 < & ° 2 & <
Average temperature (°C) 23 33 62 109 156 199 234 234 191 137 83 42 125
Average High Temperature (°C) 68 83 11.8 168 21.8 265 303 305 263 203 141 88 185
Average Lowest Temperature (°C) -13 06 14 52 92 126 155 156 119 79 38 0.7 68
Average Sunshine duration (hour) 39 46 55 68 88 109 11.8 113 97 73 53 38 7.5
Average Rainy Days 122 107 108 11.0 101 6.0 3.1 24 34 71 85 127 980

Average Monthly Total Rainfall (mm)  73.4 66.7 58.0 509 48.0 272 16.5 126 18.6 422 589 846 557.6
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Figure 1. Solar energy potential and location map of Usak province (Anonymous, 2021a)
2.1. Calculation of the amount of solar radiation coming out of the atmosphere in Usak province

The amount of extra-terrestrial radiation coming on a horizontal surface in a day was calculated using Equation
2 (Duffie and Beckman, 1980);

H, = 2200 [1 + 0.033(COS & 6605”

. m . .
3 jl * [COS(p Cosd sinwg + EWSSm(pSm5] (Eq.2)

The declination angle refers to the angle between the plane around which the earth rotates around the sun at noon
(when the sun is on the local meridian) and the equatorial axis. This angle takes maximum value on June 21% and
minimum value on December 21%, and it becomes zero on the 21 of March and 21% of September. The declination
angle was calculated using Equation 3. Table 2 was used to find the value of n (Cooper, 1969; Duffie and Beckman,
1980).

8§ = 23.45 Sin (360

n+284-)

pyn (Eq.3)

Sunset hour angle (w_s) expresses the angle between the latitude where the sunlight (at the time the sunset) and the
latitude calculated using equation numbered 4 (Duffie and Beckman, 1980);

w, = arccos[—tan(p)tan(5)] (Eq.4)

S used in the models indicates the sunshine duration of that day on the date and coordinate calculated, and So
indicates the total day length in the same day and in the same place. While the S value was determined according to
meteorological measurements, the SO value was calculated using the equation numbered 5 (Duffie and Beckman, 1980);

50=12—5cos‘1[— tan(¢) tan(8)] (Eq.5)
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Table 2. Recommended Average Days for Months and Values of n by Months (Klein, 1977; Duffie and
Beckman, 1980)

Month n for ith day of month For Average Day of Month
Date n o

January i 17 17 -20.9
February 31+i 16 47 -13.0
March 59+i 16 75 2.4
April 90 +i 15 105 9.4
May 120+ 15 135 18.8
June 151+ 11 162 23.1
July 181+ 17 198 21.2
August 212+ 16 228 13.5
September 243 +1i 15 258 22
October 273 +i 15 288 -9.6
November 304+ 14 318 -18.9
December 334+i 10 344 -23.0

Do not use for |p| > 66.5°.
2.2.Empirical estimation models used in the study

In the modeling of solar radiation reaching Usak, Equation 6-17 in the literature and Equation 18-19 developed
within the scope of this study were used.

Model 1 [Angstrom-Prescott model]; In order to obtain maximum benefit from solar energy and to determine its
efficiency, it is extremely important to simultaneously obtain solar radiation and sunshine duration at the same point.
To show this relationship, first Kimball (1919) and then Angstrom (1924) developed equations. Later, Prescott (1940)
has developed the Angstrom equation by dimensionlessing it with extraterrestrial solar radiation and insolation time.
And the model in Equation 6 has been called Angstrom-Prescott since 1940 (Gtiglii, 2019). The Angstrom-Prescott
model is one of the most widely used estimation methods for calculating monthly average daily irradiance.

m=atel(s) (Eq.6)

Model 2 (Elagib and Mansell, 2000);

H _ 5\

H_O - C1 + CZ (g) (Eq.7)
Model 3 (El-Metwally, 2005);

2=, (Eq.8)

Model 4 (Kiilci, 2015);

H Cl(%)

H_o = m + C3Wg (qu)
Model 5 (Bahel et al., 1987);

H s 52 s\3

e o ¢+, (;) +c3 (;) +cy (;) (Eq.10)
Model 6 (Ampratwum and Dorvlo, 1999);

H s s

! +c, (%) + c3log (5) (Eq.11)
Model 7 (Almorox and Hontoria, 2004);

H s

Ho o ¢, + cexp (3) (Eq.12)
Model 8 (Dogniaux and Lemoine, 1983); Unlike other models, latitude degree was used in this model.

H s s

e ¢ + [cz (%) + c3] @ +c3 (%) (Eq.13)

Model 9 (Kiileti, 2019); In this model, unlike other models, solar radiation was estimated by using the logarithmic
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relationship of the cloudiness coefficient with the hour angle.

S

H s
e = ¢ + cylog SO/WS +c3 (g) (Eq.14)

Model 10 (Hargreaves et al., 1985); Unlike previous models, maximum and minimum temperature differences was
used in Model 10.

H

= x (A1) + ¢ (Eq.15)
Model 11 (Chen Model (Coppolino, 1994));

Hio = ¢, * In(AT) + ¢, (Eq.16)
Model 12 (Bristow and Campbell, 1984);

Hio = ¢, *[1 —exp {—c, * (AT)%3}] (Eq.17)

Model 13; In this study, it was a new model developed using the linear logarithmic method. There were various
solar radiation estimation models based on S/S, ratio, including linear, second order, third order and logarithmic. In
this model, the cloudiness coefficient was fixed with the ¢, coefficient and its logarithm was taken. Also, the maximum-
minimum temperature changes were fixed with the c3 coefficient and the last coefficient was summed up with the c4
coefficient and a linear relationship is established with the radiation coming from the extraterrestrial. And thus, the
global monthly average daily solar radiation amount was estimated from here;

By, = 1 xlogllc; *5/g ) + (e AT + ¢4 (Eq.18)

Model 14; An second liner logarithmic model developed within the scope of this study. In this model, the effects
of temperature changes and temporal dependence had been demonstrated in calculation of the global monthly average
daily solar radiation by using the hour angle instead of the cloudiness coefficient;

H/Ho =¢; *xlog[(c; *ws) + (c3 *AT)] + ¢4 (Eq.19)

2.3. PVGIS-based data sets used within the scope of the study

With Remote Sensing (RS) technologies, it is fast and easy to collect data belonging to a large part of our World.
RS technologies are also using among the basic data sources of renewable energy sources as they are in many fields
today. Data provided by RS technologies or meteorological measurements are collected in GIS-based software. And
thanks to the calculation modules included in this software, the solar radiation estimation of the desired location can
be made hourly, daily, monthly and yearly. Photovoltaic Geographical Information System (PVGIS) is one of the web-
based versions of these software. It was created by the European Commission and offered for open access in a web
browser. Energy production data was calculated using different satellite bases and parameters with PVGIS positional
solar radiation and photovoltaic systems. These variables offer different success in different positions (Anonymous
2021b).

In the study, monthly solar radiation data obtained by using SARAH and CMSAF satellite-based (COSMO and
ERAS5) data sets in kWh m™ unit of Usak province were obtained from the PVGIS web portal (Table 3). These data
were converted to MJ m? and monthly average daily solar radiation values were obtained proportioning the days of
each month.

Table 3. Properties of solar radiation databases in PVGIS (Anonymous, 2021b)

Database Type Start Year End Year Spatial Resolution
PVGIS-SARAH Satellite 2005 2016 0.05°x 0.05° (~ 5 km)
PVGIS-CMSAF Satellite 2007 2016 0.025° x 0.025° (~ 2.5 km)
PVGIS-ERA5 Re-analysis 2005 2016 0.25°x 0.25° (~ 25 km)
PVGIS-COSMO Re-analysis 2005 2015 0.055° x 0.055° (~ 5 km)
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2.4. Statistical parameters used to test the estimation success of the models

The estimation capabilities of the models examined within the scope of the study were compared. Monthly average
data were compared using parameters MPE (mean percentage error) in Equation 20, MBE (mean bias error) in
Equation 21, RMSE (root mean square error) in Equation 22, R? (determination coefficient) in Equation 23. And,
monthly data were compared using the (ARE) (absolute relative error) parameter in Equation 24.

The R? is an indicator of the inter-variable dependence, and its close to one indicates that there is a strong bond
between the variables. The RMSE is an indicator of the deviation between the measured and calculated values and
provides information about the short-term performance of the model under study. The closer the RMSE value is to
zero, the better the performance of the model is evaluated. MBE provides information about the long-term performance
of the model under study. The closer the MBE value is to zero, the higher the performance of the model. If this value
is positive, it indicates that an estimate has been made above the calculated value, if it is negative, it indicates that an
estimation has been made below the calculated value. The MPE is the indicator of the percentage value of the deviation
between the measured and calculated values, and the closer the value to zero, the higher the performance of the model
(Tirmikei, 2018). The ratio of the absolute error to the measured value gives the relative error. Relative error is a type
of error that shows proportionally how close to the real value is. In most studies, relative error means more than absolute
error (Anonymous, 2021c). Relative errors between -10% and +10% are acceptable value ranges (Skeiker, 2006). An
useful measure of goodness is absolute relative error (Dyer and Dyer, 2007). Absolute relative error is calculated by
proportioning the absolute error to the measured value and taking the percentage (Navarro, 1992; Green and Tashman,
2009). Absolute relative error getting too close to zero means that the estimate is very close to the target value (Anacan
et al., 2018; Marfo and Okyere, 2019).

1 Hijp—H;j
MPE = -3, (%) x100 (Eq.20)
1
MBE = ﬁ2}‘;1(Hip — Hj,) (Eq.21)
1 2
RMSE = \/ﬁziN:l(Hip —Hjo) (Eq.22)
R2 = Z?]:1(Hip_Hipa)(Hio—Hioa) (Eq23)
S i Hip)PUEL (io—Hi00)?
H. _H.
ARE = (I1-2—21) x100 Eq.24
( Hjo )X ( q )

3. Results and Discussion
3.1.Global Solar Radiation Data of Usak Province

According to the radiation values measured in Usak, the lowest global solar radiation reaches the ground
surface in December (6.83 MJ m?2 day!) and the highest radiation in July (26.83 MJ m? day™'). Global solar
radiation values of Usak province according to meteorological data varies between 6.83-7.67 MJ m™ day™! in
December-January, 8.14-8.98 MJ m? day™' in November-February, 12.88-13.05 MJ m™ day!' in October-March,
18.14-18.29 MJ m* day™! in September-April, 20.87-22.81 MJ m? day™' in August-May and 25.53-26.83 MJ m?
day!in June-July. It was seen that the estimation models and PVGIS-based data sets used within the scope of this
study generally reveal estimates close to the measured data.

3.2. Global Solar Radiation Estimate Models and PVGIS Based Datasets

The global solar radiation values estimated by the models used within the scope of this study, the global
radiation values based on PVGIS and the changes of the global radiation values measured from the Usak
Meteorology Station were given in Table 4 using the color scale. According to the color scale, Model 3, 4, ERAS
and SARAH made quite different estimates from the measured data. Deviations of other models and data sets were
at lower levels. In Table 5, the comparison of each of the models with the measured monthly average daily solar
irradiance data was given as graphic template and interpreted.
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Table 4. Measured and estimated radiation information table of Usak province

2 2 = = i E ) P g
MImiayy 2 2 F 2 =& 2 £ ¢ & ¢ 2 2
- = T - e - = =
Measured
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10
Model 11
Model 12
Model 13
Model 14
COSMO
ERAS
SARAH
CMSAF
Color 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16
Scale 1617 17-18 1819 1920 2021 2122 22-23 2324 2425 2526 2627  27-28
28-29

In Model 1, it was observed that the estimates were higher than the measured values between February-March,
early August, mid-September, and late October-November. And the opposite situation was observed in the period
from mid-April to the end of July, and the estimates were below the measured values. The estimates were realized
as expected in the period from end of March to mid-April, end of July, mid-September-end of October and in
December. Estimates close to Model 1 were obtained from Model 2. This is because the Equation structures of the
two models are similar to each other. During the period from the end of April to mid-May, and the period from
mid-September to mid-October, the estimates obtained with Model 3 approached the measured values and made
high estimates in this period. It was observed that the estimations were higher than the measured values in the
summer months, and the estimations were realized below the measured values in the winter and spring months.
The fact that this model is based on the sunshine duration has been effective in estimating high irradiance values

in the summer months and low irradiance values in the winter months.

The estimates obtained by Model 4 were high for the first 6 months of the year, while the last 6 months made
low estimates. It gave results close to the values measured in January, June and August. Estimates close to Models
1 and 2 were obtained from Model 5. Model 6 was a model based on the logarithm of the cloudiness coefficient
developed by Ampratwum and Dorvlo (1999). This model made estimates close to the measured values in January,
the period from the end of March to May, in July, the period from mid-September to November and in December.
It was observed that the estimates moved away from the measured values in the June-August period. Model 7
made estimates close to the measured values in January, from late March to mid-April, in late July, from mid-
September to October, and in December. The most distant estimates were observed in February and August. Model
8 made estimates close to the values measured in January, end of March, mid-April, end of July, mid-October and
December. The most distant estimates were in February and August. Model 9 had quite accurately estimated values
for January, end of March, mid-April, end of July, the period from mid-September to the end of October and in
December. It made the most distant estimations in February and August. Model 9 made estimates very close to

Model 8.

Table 5. Comparison graphs of monthly average daily solar radiation data estimated and measured by models
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Table 5. (contiuned) Comparison graphs of monthly average daily solar radiation data estimated and
measured by models
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While Model 10 makes estimates close to the values measured in January, the period from mid-April to mid-
May, late July, mid-October and December, the most distant estimates were realized in February and March. Model
11 made estimates close to the values measured during the period in January, the period end of April until mid-
May, in early August, the period from first week of September to the last week of October and in December. The
estimates from January to April were observed above the measured values and below the measured values between
May and July. The furthest estimate came in July. Model 12 had produced estimates close to the values measured
in the period February, from to mid-April to mid-May, in early August and from mid-September to December.
The estimates were above the measured values between February-April and August-September, and below the
values between May-July. The furthest estimate came in July. Model 13 obtained estimates close to the measured
values in early February, in April, in early August and from mid-September to December. The estimates were
above the measured values between February-April and August-September, and below the values between May-
July. The furthest estimate came in July. Model 14 made estimates close to the values measured in early February,
April, early August and from mid-September to December. The estimates were above the measured values between
February-April and August-September, and below the values between May-July. The furthest estimate came in
July. Especially in the late spring-beginning of summer and autumn period, estimates close to the measurements
were obtained.

In recent years, solar radiation estimations can be made by comparing and evaluating land measurements with
satellite and re-analysis datas as well as empirical models (Ineichen, 2014; Urraca et al., 2017, 2018; Feng et al.,
2019). Figure 2 shows the data obtained by using SARAH and CMSAF satellite-based and COSMO and ERAS
re-analysis global solar radiation estimate data sets for Usak province.
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When the global solar radiation values obtained with the COSMO re-analysis data were examined, it was seen
that estimates were made close to the monthly average daily radiation data measured in January, April, July,
September and November. Estimates were obtained above the measured values between January-April and
August-September, and below the measured values between April-August and September-November. The furthest
estimate came in July. When the data obtained with the ERA 5 re-analysis data are examined, it was seen that
estimates were obtained above the monthly average daily radiation data measured in all months of the year. The
closest estimates were made in January, May-July, September-October and December. When the radiation graph
obtained with SARAH satellite data was examined, it was seen that estimates were obtained above the monthly
average daily radiation data measured in all months of the year. The closest estimates were made in January, May,
September-October and December. The most distant estimates were observed in the months of July-August. When
the radiation graph obtained with CMSAF satellite data was examined, it had been observed that estimates above
the monthly average daily radiation data measured in all months of the year, and it had been observed that estimates
close to the radiation data obtained from SARAH satellite data.

30 4

=—=PVGIS-COSMO
—H Observed
+-PVGIS-ERAS
—a=PVGIS-SARAH
==PVGIS-CMSAF

25

20

15 A

MI/m? day

10 -

Figure. 2. Comparison graphs of the daily radiation data measured, the radiation data obtained by re-analysis
and the satellites in the PVGIS database

When the estimated values obtained by the satellite data and re-analysis with the radiation measurements
coming to the horizontal surface were evaluated together; It had been observed that the radiation estimates obtained
with satellite-based data were higher than the measured values. As a matter of fact, Frank et al. (2018) reported
that re-analysis data overestimated the radiation incident on the global horizontal surface in cloudy conditions. In
a similar study, Psiloglue et al. (2020) reported that while satellite data and ground measurement radiation data
obtained in cloudless weather conditions were in harmony with each other, they showed high uncertainty in cloudy
or partially cloudy weather conditions.

The monthly success of the models and satellite-based estimation data used within the scope of the study were
interpreted according to the Iel values in Table 6. In January, absolute relative errors were obtained below 1%
from Model 5 and Model 7, 3% from CMSAF satellite data, and 3-4% from Model 11, Model 9, Model 1 and
Model 8. An absolute relative error of 5% was obtained from Model 12 in February. The absolute relative error of
other estimation models did not follow this level in February and was realized in the range of 5.6-29.8%. In March,
an absolute relative error in the range of 4-5% was obtained from Model 6, Model 5 and Model 2. In April, absolute
relative errors were obtained in the range 0.3% from Model 13, 1-2% from Model 6, COSMO re-analysis satellite
data and Model 12, 2-3% from Model 2, Model 7, Model 9, Model 1, Model 8 and Model 10, 3-4% from Model
5 and Model 14, 4-5% from Model 3 and Model 11. It was observed that 14 out of 18 estimation sets used in April
had an absolute relative error below 5% and in the other 4 estimation sets between 5-12.7%. While an absolute
relative error of less than 5% was obtained from 16 of the 18 estimation data sets used in May, an absolute relative
error of 5.7% was obtained from Models 7 and Model 4. When the forecasts obtained with the estimation models
used in the study and satellite-based data sets are evaluated, the most successful estimations during the year were
obtained in May. In June, while the estimates obtained from CMSAF satellite data, COSMO re-analysis data and
Model 3 equation, respectively, 5.1%, 6.0% and 6.7% absolute relative errors were obtained, below 5% absolute
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relative errors were obtained from other estimation sets. In July, it was obtained an absolute relative error below
5% from Model 3 and ERAS re-analysis estimation set, and was obtained below 8.7% from other estimation sets.
In August, an absolute relative error below 5% was obtained from the Model 4 estimation model, and an absolute
relative error between 5-23.8% was obtained in other estimation sets. In September, the absolute relative error was
obtained in the range of less than 1% from Model 11 and Model 14, 1-2% from Model 10 and Model 7, 2-3% from
Model 12, Model 6, Model 13, Model 9, Model 1, Model 8, Model 2 and Model 5, 3.5% from Model 3. Also, from
the satellite data sets, an absolute relative error of 4.7% was obtained from the COSMO re-analysis data. In October,
an absolute relative error below 1% from Model 7, Model 12 and Model 10, between 1-2% from Model 11, Model5,
Model 8, Model 1, Model 9, Model 13 and Model 2, 3.6% from Model 14, 4.2% from Model 6 was obtained. The
absolute relative error of other data sets was between 5.1-14.4%. In November, an absolute relative error was
obtained 0.8% from the Model 14, %1.4 from the COSMO re-analysis data, %5.3-22.2 from the other estimation
sets. In December, Model 11 with a value of 0.2%, CMSAF satellite data, Model 9, Model 1 and Model 8 between
1-2%, Model 5 and Model 7 2-3%, Model 2 and Model 10 3-4% with an absolute relative error made successful
estimations close to the measured value. In this month, estimates far from the measured value were obtained with
a value of 39.9% from the Model 3 estimation model. The absolute relative error in the range of 7.7-13.9% was
obtained from other estimation models and data sets.

According to the monthly evaluation error analysis results of estimate models and PVGIS satellite data sets,
the most successful estimations were obtained in April-June, September-October and December (below 5%). An
error of less than 39.9% was obtained from all estimation models and satellite-based datasets. With these values,
very reasonable estimates that were close to reality had been obtained.

The monthly average of the absolute relative errors of the monthly average daily global solar radiation data of
the COSMO, ERAS, SARAH and CMSAF data sets in Table 6 were 6.1%, 13.4%, 10.0% and 9.3%, respectively.
The RMSE values of these data sets were 1.053134, 2.077154, 1.893419 and 1.840986, respectively (Table 7).
When the PVGIS data sets were compared within themselves, values close to the real values were obtained with
the order of COSMO> CMSAF> SARAH> ERAS3, as can be seen from the RMSE and absolute relative error
values.

Models 13 and 14 were the models developed within the scope of this study. It had been seen that these two
models were among the top 4 most successful models. As a result of evaluating the estimation success of the
models, it took place Model 14 ranks first with 0.90058 RMSE and 0.98327 R? value, Model 6 second with 0.92664
RMSE, 0.98226 R? value, Model 13 third with 0.93959 RMSE, 0.98166 R? value, Model 12 fourth with 0.952089
RMSE, 0.980939 R? value in the first four of the 18 models used.

Within the scope of the study, when the satellite-based data sets and models used to estimation the global solar
radiation of Usak were evaluated together, it was seen that the most successful estimations were made by Model
14 developed within the scope of this study (0.90058 RMSE, 0.98327 R?). This model was followed by Model 6
(0.92664 RMSE, 0.981226 R?) developed by Ampratwum and Dorvlo (1999) and Model 13 (0.939589 RMSE,
0.98166 R?) developed within the scope of this study, respectively. The estimation success of satellite-based data
sets was lower than the models.
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Table 6. The success ranking of the models according to the percentege absolute relative error (ARE %) values

January February March April May June July August September October November December
Model 5 0.0 Model12 5.0 Model 6 45 Model13 03 Model14 02 Model 14 1.3 Model 3 2.0 Model 4 24 Model1l 0.2 Model 7 0.0 Model 14 0.8 Model 11 0.2
Model 7 0.2 Model 14 5.6 | Model 5 4.8  Model 6 1.3 Model 6 1.5 Model 6 1.8 ERAS 4.1 Model 11 6.6 Model 14 09 Model12 02 COSMO 1.4 CMSAF 1.1

CMSAF 3.0  Model 6 7.5  Model 2 5.0 COSMO 1.6 Model 11 1.5 Model 2 2.6 Model 7 5.7 Model 14 8.0  Model 10 1.2 Model 10 0.4  Model 12 5.3  Model 9 1.6
Model 11 3.5 Model 13 7.5  Model 8 5.2 Model 12 2.0 SARAH 1.7 Model 13 2.6 Model 5 5.7 Model 10 8.3  Model 7 2.0 Model 11 1.1 Model 13 7.4 Model 1 1.6
Model 9 3.8  Model 4 8.1  Model 1 5.2 Model 2 2.5  Model 12 2.1 Model 8 2.8 Model 8 5.8 COSMO 8.6  Model 12 2.3 Model 5 1.4 Model 10 7.9  Model 8 1.7
Model 1 3.8  Model 2 11.0 Model 9 5.2 Model 7 2.7  Model 10 2.1 Model 5 2.8 Model 1 5.8 Model 6 8.9  Model 6 2.3 Model 8 1.5 Model 5 8.1  Model 5 2.1
Model 8 3.8 Model 10 11.0  Model 13 6.0 Model 9 2.8 Model 3 2.7 Model 9 2.8 Model 9 5.8 Model 12 9.6 Model 13 2.4 Model 1 1.5  Model 7 8.3  Model 7 2.4
Model 2 5.5 COSMO 112 COSMO 6.6  Model 1 2.8 Model 13 2.7 Model 1 2.8 Model 4 5.9 Model 13 10.1 Model 9 2.4 Model 9 1.5 Model 8 8.4  Model 2 33
SARAH 5.7 SARAH 11.5 Model 7 6.7  Model 8 2.8 CMSAF 2.9 Model 12 2.9 COSMO 6.0 Model 2 10.7 Model 1 2.4 Model 13 1.6 Model 1 8.4 Model 10 3.6
Model 10 6.8  Model 5 11.6  Model 12 7.4  Model 10 2.9 Model 2 3.7 Model 4 3.0 Model 2 6.0 Model 9 11.2° Model 8 2.5 Model 2 2.1  Model 9 8.4  Model 13 7.7
COSMO 6.9  Model 8 12.1 Model 3 7.7 Model 5 3.1 Model 9 4.4 Model 10 3.7 Model 13 6.2 Model 1 11.2 Model 2 2.5  Model 14 3.6 Model 2 8.8 SARAH 8.0
Model 13 10.5 Model 1 12.1 Model 14 8.1  Model 14 3.7 Model 1 4.4 Model 7 3.9 Model 14 6.2 Model 8 11.2 Model 5 2.5 Model 6 42  Model 4 9.5 COSMO 8.3

ERAS 10.6  Model 9 12.1 Model 4 8.5 | Model 3 42 Model 8 4.4 Model 11 4.2 Model 12 6.3 Model 5 11.3  Model 3 3.5 Model 3 5.1  Model 11 10.4 Model 6 9.0

Model 6 11.0 Model 11 14.6 Model 10 10.0 Model 11 43 Model 5 4.5 ERAS 4.6 Model 6 6.9 Model 7 12.1 COSMO 4.7 CMSAF 5.6 Model 6 10.4 Model 12 10.2
Model 4 13.3  Model 7 15.4 SARAH 10.4 Model 4 6.9 COSMO 4.6 SARAH 4.8 CMSAF 7.1 Model 3 16.8 ERAS 9.1 COSMO 7.2 Model 3 13.4 ERAS 12.6
Model 12 13.6 CMSAF 15.5 CMSAF 11.8 SARAH 7.3 | ERAS 4.7 CMSAF 5.1 Model 10 7.4 ERAS 20.7 CMSAF 9.9 SARAH 7.3  CMSAF 18.3 Model 14 12.6
Model 14 14.7 Model 3 159 Model 11 12.4 CMSAF 8.8 Model 7 5.7 COSMO 6.0 SARAH 7.5 CMSAF 22.5 SARAH 10.5 ERAS 7.9 PSARAH  20.8 Model 4 13.9
Model 3 39.1 ERAS 29.8 ERAS 22.3 ERAS 12.7 Model 4 5.7 Model 3 6.7 Model 11 8.7 SARAH 23.8 Model 4 11.1 Model 4 14.4 ERAS 22.2 Model 3 39.9

Green: 0-1, Pink: 1-2, Yellow: 2-3, Blue: 3-4, Orange: 4-5, White: >5

Table 7. Statistical analysis results of the models

Coefficients ¢l c2 c3 c4 MPE MBE RMSE t R?
Model 1 0.31126 0.38816 1.62779 0.10137 1.00516 0.33620 0.98024
Model 2 0.00000 0.68273 0.43034 1.36944 0.08958 0.97292 0.30667 0.98124
Model 3 0.01045 -7.79935 -0.59046 1.77903 1.16693 0.98415
Model 4 0.96995 0.97005 0.00567 -2.78882 -0.20903 1.23947 0.56747 0.97273
Model 5 0.30655 0.39462 0.00000 0.35823 1.78399 0.10943 1.00122 0.36470 0.98066
Model 6 1.18460 0.55350 1.31525 0.52424 0.04773 0.92664 0.17107 0.98226
Model 7 0.39025 0.03689 2.42743 0.14110 1.11295 0.42390 0.97692
Model 8 0.23093 0.00670 0.00207 0.12927 1.62517 0.10122 1.00516 0.33571 0.98023
Model 9 0.31127 0.00000 0.38815 1.62798 0.10139 1.00516 0.33627 0.98024
Model 10 0.15871 0 1.6279829 0.101392 1.005157 0.369948 0.981095
Model 11 0.223418 0 2.6266197 0.174522 1.09458 0.535662 0.97947
Model 12 0.91289 0.276647 0.27664727 -0.265234 0.002701 0.952089 0.009408 0.980939
Model 13 0.646266 3.124511 0.175862928 0.161353 0.422136 0.040554 0.939589 0.143285 0.98166
Model 14 0.89387 0.015035 0.196824754 0.031273 -1.079894 -0.05033 0.90058 0.185628 0.983274
COSMO -1.196348 -0.25105 1.053134 0.8141 0.979036

ERAS 13.438342 1.809879 2.077154 5.889214 0.978999
SARAH 8.9986237 1.415286 1.893419 3.731965 0.976245
CMSAF 8.793807 1.411759 1.840986 3.962675 0.980089

1248



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(5)

4. Conclusions

In this study, the success of empirical models and satellite-based data sets in global solar radiation estimations of
Usak province were compared. In addition, 2 different models were developed and tested within the scope of this study.

According to the monthly evaluation of the models, it had absolute relative error values below 5% in March-April-
May-June, September-October and December, and accurate estimates were obtained in these months. Especially in the
late spring-early summer and autumn period, estimates close to the measurements were obtained. Absolute relative
error below 5% was seen in May in 16 of the 18 models used. The closest estimates were made in May. The
determination coefficients of empirical models and satellite-based data sets were calculated over 0.97. This result
shows that the models and satellite-based data sets used are generally successful. When the success of the models
within themselves was evaluated according to the RMSE values, the most successful estimations were obtained from
the Model 14 data (0.90058 RMSE, 0.98327 R, -1.079894 MPE, -0.05033 MBE ve 0.185628 t), which was developed
logarithmically based on the clock angle and the maximum temperature difference, using 4 constant coefficients (ci,
2, ¢3 and ¢4) from the empirical models. From the spatial data, the most successful estimates were obtained from the
COSMO re-analysis data (1.053134 RMSE, 0.979036 R?, -1.196348 MPE, -0.25105 MBE ve 0.8141 t). Results from
satellite-based datasets (PVGIS) were not as successful as estimations made by empirical models. However, the
advantage of these data was that they present ready data for wide geographies, although they were not highly sensitive.
These data can be used to see the spatial radiation values of the areas to be studied or were of a nature to shed light on
more superficial studies.

As aresult, it had been observed that empirical models can be preferred in detailed sensitive studies for global solar
radiation estimation in Usak, and satellite-based data sets (PVGIS) can be used in more superficial or pre-feasibility
studies. It was concluded that Model 14 from the models and COSMO re-analysis data among satellite-based data sets
(PVGIS) can be used in global solar radiation estimation studies in Usak.

Nomenclature
ARE Absolute Relative Error Cn nth coefficient
CAMS Copernicus Atmosphere Monitoring Service G Solar constant 1367 W m™
h hour
CMSAF  Satellite Application Facility on Climate H Average daily solar radiation on a horizontal surface (J m?2day™)
Monitoring
COSMO  Concertium for Small-Scale Modelling Ho Monthly average daily extraterrestrial radiation on a horizontal
surface
DHI Diffuse radiation on a horizontal surface Hi, Measured H value
Hi, Estimated H value
DirHor Direct horizontal i ith day of month
ERAS ECMWEF Reanalysis v5 kWh  Kilowatt hour
GHGs Greenhouse gases MJ Mega joule
GHI Global radiation on a horizontal surface n The number of the day of the year starting from the first of
January
GIS Geographical Information System R? Determinasyon katsayisi
S Sunshine length (h)
MBE Mean Bias Error So Day length (h)
MPE Mean Percentage Error t t statistik
MRM Meteorological Radiation Model Ws Hour angle
m Pi
PVGIS PhotoVoltaic Geographical Information System AT The difference of temperature between maximum and minimum
RMSE Root Mean Square Error [0} Latitude
RS Remote Sensing 8 The Solar declination angle
SARAH  Surface Solar Radiation Data Set-Heliosat
UTM Universal Transversal Mercator
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Important Weed Species, Densities and Frequencies in Hazelnut
(Corylus avellana L.) Orchards in Diizce Province*

Diizce Ili Findik (Corylus avellana L.) Bahgelerinde Gériilen Onemli Yabanci Ot Tiirleri,
Yogunluklar1 ve Rastlanma Sikliklarinin Belirlenmesi

Adnan KARAY, Hakan ERMEC?, Sezer DIBLAN?®
Abstract

Hazelnut (Corylus avellana L.) cultivation has strategic value for Tiirkiye, which is a leader in global hazelnut
production. This study aims to determine the important weed species, densities, and frequencies in hazelnut
orchards in Diizce province. The presence of weeds is a significant challenge in hazelnut cultivation as they
compete with the crop for nutrients, water, and sunlight, while also serving as hosts for pests and pathogens.
Effective weed management is critical to maintaining yield and quality. Field research was conducted in 50
hazelnut orchards in 8 districts of Diizce and weed densities and frequencies were calculated using the Odum &
Barrett method. In the survey studies conducted in Diizce hazelnut orchards, it was determined that 103 weed taxa
belonging to 31 families and the ones with the species with the densest populations included Potentilla reptans
(creeping cinquefoil) (35.46 plants m), Poa pratensis (meadow grass) (12.15 plants m?), and Bromus hordeaceus
subsp. hordeaceus (soft brome) (11.97 plants m?). The most frequent species were calculated to be Potentilla
reptans (creeping cinquefoil) (81.80%), Oenanthe silaifolia (narrow-leaved water-dropwort) (78.34%) and
Lapsana communis (nipplewort) (60.72%). Among the families identified, the Poaceae family has the highest
number of species (19), followed by Fabaceae (14) and Asteraceae (13). Studies have detected those motorized
scythes and herbicides, whose increased use may cause environmental effects and increase pest problems, are
widely used in weed control. Identifying weed species and understanding their density and frequency will
contribute to the adoption of more precise and environmentally friendly control methods and thus to increasing
productivity and sustainability in hazelnut cultivation. Based on these findings, by applying targeted weed control
measures, yield losses can be significantly reduced, beneficial organisms can be protected and the overall
productivity and economic sustainability of hazelnut agriculture in Diizce Province can be contributed.
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Oz

Findik (Corylus avellana L.) yetistiriciligi, kiiresel {iretimde lider konumda olan Tirkiye i¢in stratejik deger
tagimaktadir. Bu c¢alismanin amact Diizce ili findik bahgelerinde bulunan 6nemli yabanci ot tiirlerini,
yogunluklarii ve sikliklarini belirlemektir. Yabanc otlarin varligi; besin maddesi, su ve giines 15181 i¢in iriinle
rekabet ederken, ayni zamanda zararlilar ve patojenler i¢in de konukgu gorevi gordiikleri igin findik
yetistiriciliginde 6nemli bir zorluktur. Etkili yabanci ot yonetimi, verim ve kaliteyi korumak igin kritik dneme
sahiptir. Diizce'de 8 ilgede 50 findik bahcesinde Odum & Barrett yontemine gore siirvey c¢aligmasi yapilarak
yabanc1 ot yogunluklar1 ve sikliklart hesaplanmistir. Diizce findik bahgelerinde yapilan ¢aligmalarda 31 familyaya
ait 103 yabanci ot tiirli ve en yogun popiilasyona sahip olanlarinin Potentilla reptans (resatinotu) (35.46 bitki m-
2), Poa pratensis (gayir salkimotu) (12.15 bitki m?) ve Bromus hordeaceus subsp. hordeaceus (basakotu) (11.97
bitki m) oldugu belirlenmistir. En sik goriilen tiirler arasinda Potentilla reptans (resatmotu) (%81,80), Oenanthe
silaifolia (attohumu) (%78.34) ve Lapsana communis (sebrek) (%60.72) yer almaktadir. Tespit edilen familyalar
arasinda Poaceae familyas1 en fazla tiir sayisina (19) sahip olup onu Fabaceae (14) ve Asteraceae (13) takip
etmektedir. Teshis edilen tiirler arasinda en ¢ok temsil edilen familyalar Poaceae, Fabaceae ve Asteraceae
olmustur. Yapilan ¢alismalarda yabanci ot kontroliinde motorlu tirpanlarin, ¢evresel etkilere ve hagere sorunlarinin
artisma sebep olabilecek herbisitlerin  yaygin olarak kullanildigi belirlenmistir.  Yabanci ot tiirlerinin,
yogunluklarmin ve rastlanma sikliklarinin belirlenmesi; daha kesin ve g¢evre dostu kontrol ydntemleri
benimsenmesine ve bdylece findik yetistiriciliginde iiretkenlik ve siirdiiriilebilirligin arttirilmasina katkida
bulunacaktir. Bu bulgulara dayanarak hedefe yonelik yabanci ot kontrol dnlemlerinin uygulanmasi ile verim
kayiplarin1 6nemli dl¢iide azaltilabilir, faydali organizmalar korunabilir ve Diizce ilindeki findik tariminin genel
verimliligine ve ekonomik siirdiiriilebilirligine katkida bulunulabilir.

Anahtar Kelimeler: Yabanci ot, Findik, Siirvey, Yogunluk, Rastlanma sikligi, Diizce
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1. Introduction

Hazelnuts, whose homeland is the Black Sea coast, are cultivating primarily in Tiirkiye, in Europe in Spain,
Italy, France, and Russia; in Asia in Georgia, Azerbaijan, Iran, and China; and in America in the USA and Chile.
Also, efforts are intending to expand hazelnut production in many countries worldwide (Anonymous, 2019a).
Hazelnut cultivation is one of the main livelihoods of the Black Sea Region countryside in Tiirkiye. Thusly, most
of the hazelnut production in the world is carried out in Tiirkiye (Yenisu, 2017). For this reason, hazelnut
cultivation has significant strategic value for our country.

In the agricultural production of hazelnuts, which has a valuable place in terms of nutrition and consumption
in the world and our country, the importance of fighting against diseases, pests, and weeds, which are among the
factors that reduce productivity, is increasing today (Eker and Koloren, 2023; Yonat and Koléren, 2023). It has
been known for years that the effects of weeds on crop plants cause a significant decrease in yield and quality.
Weeds compete with cultivated plants for nutrients, water, and sunlight, and also host pests and pathogens, causing
an increase in diseases and pests (Mennan et al., 2006; Ogiit Yavuz and Boz, 2007). Weeds can also make
harvesting operations more costly because they make it difficult to harvest the grown crops. Hazelnut producers
generally carry out weed control in the orchards before harvest time and one of these methods is to use plant
protection products. However, inappropriate total herbicide applications can harm both the environment and the
hazelnut plant. In recent years, it has also been thought that the increasing use of herbicides in hazelnut orchards
has increased the hazelnut skunk population and thus the resulting crop damage (Kése et al., 2014). In our country,
survey studies on weeds are not sufficient in hazelnut production areas, which have a strategic importance in
economic and agricultural terms. In order to find the right solutions to the weed problem in hazelnut cultivation,
identifying the species and determining their distribution and density is of primary importance (Mennan et al.,
1999).

Mennan et al. (1999) identified 210 weed species belonging to 54 different families as a result of 108 survey
studies carried out between 1997 and 1999 in order to detect the weed species that are problematic in the hazelnut
orchards of the Black Sea Region. These identified weed species, 32 were monocotyledonous and 178 were
dicotyledonous. The important weed species in the region, according to their frequency, are; Pteridium aquilium,
Rubus dicolor, Bellis perennis, Poa annua, Convolvulus arvensis, Mercurialis annua, Poa trivialis, Avena fatua
and Urtica urens.

Aslan et al. (2001) determined 253 weed species belonging to 37 different families as a result of the study
carried out between 1997 and 1999 in order to determine the weed species that are problematic in the pistachio
orchards of the Southeastern Anatolia Region. These determined weed species, 124 were annual and 129 were
perennial. The number of endemic species is 18 and the endemism rate is 7.1%. The main families in the study
area in terms of the number of species they contain are; Leguminosae (Fabaceae) 22.1% (56 species), Cruciferae
(Brassicaceae) 11.1% (28 species), Gramineae (Poaceae) 6.7% (17 species), Compositae (Asteraceae-
Cichoraceae) 5.9% (15 species) and Ranunculaceae 5.5% (14 species).

Yazlik et al. (2019) detected 68 weed species (herbaceous/shrub) from 29 families in the study conducted to
understand the weed species found in fruit nursery production areas in Diizce and the effects of these species. The
most detected species were in the Poaceae families with 11 species and the Asteraceae families with 10 species,
followed by the Brassicaceae (6 species) and Fabaceae (5 species) families. While the majority of the species are
annual (34 species) and perennial (22 species) in terms of lifespan, one species has a biennial lifespan, and 11
species have a common lifespan. In terms of life form, 67 species are herbaceous and only one species (Rubus sp.)
is shrub. The environmental and socioeconomic impacts caused by the identified species were evaluated as positive
and negative impacts, and the most impact type was determined in 44 taxa included in the scope of environmental
and socioeconomic impact.

This study aims to determine the weed species that share the plant nutrients in the soil and have a role as vectors
for many diseases and pests in the cultivation of hazelnuts, an agricultural product of strategic importance for
Tiirkiye, in Diizce province, their density and frequency. The goal of this study is to facilitate the selection of the
control method in hazelnut orchards and to encourage the application of the most appropriate friendly weed control
methods for the environment that will prevent yield losses. In addition, by becoming aware of the beneficial weeds
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growing in the hazelnut gardens in the province, it is envisaged that such species will be utilized and contribute to
the country's economy.

2. Materials and Methods
2.1. Research Area

The territory of Diizce Province is surrounded by Sakarya from the west, Bolu from the south and southeast,
and Zonguldak from the northeast. It has a 35 km long coastline on the Black Sea in the north (Figure 1). The area
covered by the provincial territory is 259,300 hectares. Located on the same latitude as Kocaeli and Sakarya
provinces, the westernmost and eastern ends of Diizce are between 30° 49' and 31° 51' east longitudes and are
approximately 88 km long. The southernmost and northernmost points of the province are located between 40° 37'
and 41° 06' northern latitudes, and the distance between the North and South extreme points is approximately 52
km. Along with the central district, it has 8 districts: Akcakoca, Cumayeri, Cilimli, Golyaka, Giimiisova, Kaynasli,

Yigilca (Anonymous, 2011).
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Figure 1. Map of districts where weed surveys are carried out in hazelnut orchards in Diizce province
(Saygili, 2020)

55% (38.903 ha) of Diizce city center, 33% (3.992 ha) of Giimiisova, 62% (16.741 ha) of Golyaka, 35% (806
ha) of Cilimli, 33% (778 ha) of Cumayeri, 42% (17.266 ha) of Ak¢akoca, 65% (32.666 ha) of Yigilca and %64
(11.350 ha) of Kaynagli are forest areas, a total of 51% (122.502 ha) of Diizce province is forest area.
Approximately 86% of Diizce, 2.200 km?, is mountainous and rugged and the mountains are separated by deep
valleys in many places (Anonymous, 2022c). According to long-term average meteorological data in Diizce
Province, the month with the most rainfall is December, and the month with the least rainfall is July. The total
annual rainfall is 829.8 mm per m? (Anonymous, 2022d).

The cultivated agricultural land of Diizce province is 74.854 hectares and approximately 30.000 hectares of
the agricultural area in question is irrigable. 12.092 hectares of agricultural land are irrigated in the province. Only
35% of the real area of Diizce province can be used as agricultural land. 122.034 hectares of the land, that is,
approximately 47%, is forest area. Diizce has 7,932 hectares of pasture and meadow area, and the remaining 37.919
hectares of its land assets are non-agricultural land. A very small part of the actual area of Diizce province is Class
I agricultural land. The total of first, second and third class land, defined as absolute agricultural land, reaches only
15% of the land asset (Anonymous, 2019b).

There are first class alluvial soils in most of the Diizce plain. These soils lie on young sediments carried by
streams and are generally layered. The transition between topsoil and subsoil is unclear. Alluvial soils are 75%
suitable for agriculture and suitable for various products. Additionally, colivial and non-calcareous brown forest
soils are found around Diizce. Collivial soils consist of materials accumulated in places where the slope decreases.
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Non-limestone brown soils are rich in organic matter, acidic character and occur under deciduous forests. These
soils are suitable for agriculture and are especially ideal for the production of beets, potatoes, vegetables, and fruits
(Anonymous, 20223).

Diizce province is located in the A3 square according to the vegetal square system of P.H. Davis (1965). This
area is under the influence of the Euro-Siberian flora area and the Mediterranean (Mediterranean) flora area, which
are generally distributed in the northwestern Black Sea region. Still, it is also under the slight influence of the
Iranian-Turanian flora area. Diizce is located in the transition zone between Emcine (Central Western Black Sea)
and Xsero-Euxine (Arid Western Black Sea) in terms of flora. While the effect of the sub-region (Sub-Euxine) of
the European-Siberian flora area is seen in the Samandere Valley and the surrounding Abant Mountains (1600 m)
in the southeast, the Mediterranean flora area effect is seen locally in the Ugursuyu Creek valley located in the
front northern part. The Iranian-Turanian flora area effect is seen in the south of the area, in the transition zones to
the Xero-Euxine flora area with xeriform character, in the high parts of Sinekli and Sakarca plateaus, and in the
subalpine vegetation areas of the Abant Mountains at 1500-1600 m. Due to its geographical location and
geomorphological structure, Diizce has a rich flora and vegetation diversity, that includes stream, remnant maquis,
forest, sub-alpine and rock vegetation types, and the spread of rare plant habitats (Aksoy et al., 2016).

2.2. Field Studies

Table 1. Hazelnut orchard areas, number of trees, yield and production amounts and the number of orchards
to be surveyed in Diizce city center and districts (Anonymous, 2024)

Production ~ Number of . . Number of Gardens
L Yield (kg  Production
District Area Trees Treed) (Ton) to be Surveyed
(Decare) (Number) (Number)
Akgakoca 218.670 10.832.000 3 29.064 17
Cumayeri 54.000 2.675.000 2 5.825 4
Cilimli 35.250 1.762.000 4 6.631 3
Goélkaya 42.290 2.111.750 2 5.207 4
Giimiisova 34.760 1.735.500 3 4.635 3
Kaynash 23.150 1.157.500 3 4.008 2
Yigilca 94.500 4.725.000 3 14.688 7
City Center 129.030 6.451.250 2 15.630 10
Total 631.650 31.450.000 3 85.688 50

The research was carried out in lands in the Survey region, Diizce province, City Center, Ak¢akoca, Yigilca,
Cumayeri, Golyaka, Cilimli, Glimiisova and Kaynash districts. In this research, it was planned to conduct surveys
in hazelnut orchards for a total of 50 orchards according to tree counts of every district. In determining the number
of gardens to be surveyed, it was planned to carry out surveys in a total of 50 gardens, considering the difficulty
of transportation, the time spent during the survey, the time and labor to be spent during the census. The distribution
of these 50 gardens by districts was proportioned and distributed as in Table 1, considering the shares of each
district in the total hazelnut garden area of the province. Various road routes were determined and in the selection
of the points for sampling, the width of the hazelnut production area as well as their distance from each other in
different directions to represent the district were taken into consideration.

In order to avoid edge effects in hazelnut gardens, approximately 10 m should be entered, and in the counts, a
1/4 m? square frame was thrown according to the size of the garden, as seen in Figure 2; Weed species found in
the area within the frame and their densities per m? were determined for that counting point. The number of samples
was determined according to the size of the hazelnut orchards, and the frame was thrown 4 times up for 1-5 decares,
6 times for between 5-10 decares, and at least 8 times for hazelnut orchards larger than 10 decares. When counting
weed species, broad-leaved weeds were counted as the whole plant, and in narrow-leaved ones, each tiller (spike)
was counted as a plant and recorded in the survey forms in this way. The frame was randomly thrown by moving
in the direction of the diagonals of the entered garden. Plants entering the frame and those touching the outside of
the frame were separated and counted according to weed species (Kara and Ata, 2021).
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Figure 2. Weed species detection and counting in hazelnut orchards where survey studies were carried out

A sufficient number of plant samples from each weed species detected during the survey were collected and
dried by pressing between newspaper papers in accordance with the technique to make them suitable for diagnosis
(Figure 2). Then, samples were glued to standard-size cardboards (Figure 3) and turned into herbarium materials.
Weed identification studies were carried out by Prof. Dr. Necmi AKSOY and Dr. Serdar ARSLAN in the Diizce
University Faculty of Forestry (DUOF) Herbarium laboratory (Figure 3) and plant samples were recorded in the
Diizce University Faculty of Forestry (DUOF) Herbarium inventory (Anonymous, 2022b).

Figure 3. Pressing and drying of plant samples in accordance with the technique & identification and
registration of weed samples in the DUOF Herbarium

2.3. Evaluation of Population Measurements

After determining the weed species and their numbers, the frequency (F) of each species used in the evaluation
of the population was determined. In determining the frequency, all weeds in the environment were recorded,
regardless of whether they were included in the frame or not. Each Frequency (F, %) was calculated by using the
number of survey points where each species is found (N) and the total number of sampled survey points (M).
Frequencies were calculated according to Odum and Barrett (1971) and the following Equation (1) was used.

F = (%) x 100 (Ea- 1)

Density (plant m2) was calculated by counting the individuals according to the genus and species of the weeds
in the frame, multiplying the number of plants belonging to the species in each frame by four, taking the arithmetic
averages according to the number of frames thrown, and densities of the weeds at that counting point were
calculated. In these determined areas, the density and frequency of weeds according to the number of frames were
calculated using Odum and Barrett (1971) and Uygur (1991). Using Bora and Karaca (1970), the density of weed
species at the district level was determined on a weighted average basis. The density of weeds at the district level
was calculated by multiplying the weed density (plant m) determined for each census point by the area of that
garden and dividing the sum of these multiplication results by the total hazelnut garden area surveyed in that
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district. The average of the species at the provincial level was calculated by taking the average of the districts
(Uygur et al., 1984).

3. Results and Discussion

3.1. Results

The densities and frequency of the weed species detected in the hazelnut orchards of Diizce province according
to the areas where the research was conducted are given in Table 2. As a result of the research, 103 weed species
belonging to 31 families were identified. Potentilla reptans (35.46 plants m2), Poa pratensis (12.15 plants m?),
Bromus hordeaceus subsp. hordeaceus (11.97 plants m), Cynosurus cristatus (10.52 plants m2), Bromus sterilis
(8.97 plants m2), Hordeum bulbosum (8.43 plants m-2), Trifolium pratense var. pratense (6.17 plants m?), Holcus
lanatus (5.87 plants m2), Alopecurus myosuroides subsp. myosuroides (5.84 plants m), Trifolium campestre (5.75
plants m) species were determined as the 10 densest species throughout the province. The densest species are
given in Table 3.

Considering the frequency; Potentilla reptans (81.80%), Oenanthe silaifolia (78.34%), Lapsana communis
(60.72%), Convolvulus arvensis (51.37%), Rubus tereticaulis (43.87%), Geranium pyrenaicum (38.2%), Trifolium
campestre (37.1%), Trifolium pratense var. pratense (32.13%), Conyza canadensis (31.81%), Urtica dioica subsp.
dioica (31%, 72) took the first places. The most frequent species are given in Table 4.

The distribution of the weeds detected according to families as a result of the surveys carried out in the hazelnut
orchards of Diizce province between April and July 2021 is shown in Figure 4. Among the families identified,
Poaceae ranks first with 19 species, Fabaceae ranks second with 14 species, and Asteraceae ranks third with 13
species. These are followed by Lamiaceae with 7 species, Rosaceae with 7 species, Boraginaceae, Caprifoliaceae,
Geraniaceae, Plantaginaceae, Rubiaceae with 3 species each, and Caryophyllaceae, Convolvulaceae,
Euphorbiaceae, Polygonaceae, Primulaceae with 2 species each. Only one species from each of the 15 families
could be identified respectively.
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Figure 4. Distribution chart of weed species detected in hazelnut orchards in Diizce province according to families
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1 Table 2. Weed species detected in hazelnut orchards in Diizce province, densities (plant m2) and frequencies (%)
et St Akgakoca Cumayeri Cilimli Golyaka Giimiisova Kaynash Yigilca Center Diizce

Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freqg. Dens. Freq. Dens.
Agrimonia eupatoria L. 0.00 0.00 0.00 0.00 3333 215 000 0.00 000 000 0.00 000 1429 050 10.00 043 7.20 0.39
Ajuga reptans L. 588 0.70 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 0.0 0.0 0.74 0.09
Alopecurus myosuroides subsp. myosuroides Huds 588 280 50.00 2.17 33.33 26.31 0.00 0.00 100.0 1544 0.00 0.00 0.00 0.00 0.00 0.00 23.65 5.84
Anacomptis pyramidalis L. 0.00 0.00 0.00 0.00 0.00 000 000 0.00 000 000 000 000 1429 0.06 000 0.00 179 o0.01
Anagallis arvensis L. var. arvensis 2941 236 50.00 041 3333 026 000 0.00 66.67 156 0.00 0.00 4286 1.04 3000 0.77 3153 0.80
Anthemis cotula L. 17.65 0.83 50.00 2.17 3333 135 000 000 000 000 000 000 1429 0.08 0.00 0.00 1441 0.5
Asperula involucrata Wahlenb. 588 3.10 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 0.00 0.0 074 0.39
Avena barbata Pott ex Link 0.00 0.00 0.00 0.00 0.00 000 000 0.00 3333 1493 000 000 000 0.00 0.00 o0.00 417 187
Avena fatua L. 588 2.78 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 000 000 074 0.35
Bellis perennis L. 588 0.16 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 0.00 0.00 074 0.02
Bituminaria bituminosa (L.) C.H.Stirt. 0.00 0.00 25.00 112 0.00 000 000 0.00 000 000 000 000 1429 030 000 0.00 491 0.18
Brachypodium pinnatum (L.) P.Beauv. 0.00 0.00 25.00 1347 0.00 000 000 0.00 000 000 000 000 000 000 000 000 313 168
Briza maxima L. 0.00 0.00 0.00 0.00 0.00 000 000 0.00 3333 580 000 000 000 000 0.00 0.00 417 0.73
Bromus hordeaceus subsp. hordeaceus L. 588 0.19 0.00 0.00 0.00 000 2500 9500 000 000 000 000 000 0.00 20.00 059 6.36 11.97
Bromus japonicus Thunb 588 3.63 0.00 0.00 000 0.00 000 000 000 000 000 0.00 1429 720 2000 732 502 227
Bromus sterilis L. 11.76 9.75 50.00 425 0.00 0.00 0.00 0.00 1000 4741 0.00 0.00 0.00 0.00 20.00 10.36 22.72 8.97
Calepina irregularis (Asso) Thell. 588 0.27 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 000 000 0.74 0.03
Calystegia silvatica (Kit.) Griseb. 11.76 0.17 000 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 1429 120 1000 043 451 0.22
Campanula glomerata subsp. hispida (Witasek) Hayek 0.00 0.00 0.00 0.00 3333 069 0.00 0.00 000 0.00 000 000 0.00 000 000 0.00 417 0.09
Centaurium erythraea subsp. erythraea Rafn. 588 0.17 000 0.00 0.00 000 000 0.00 000 000 000 000 000 0.00 10.00 054 199 0.09
Cichorium intybus L. 11.76 028 0.00 0.00 0.00 000 000 0.0 000 000 000 000 1429 0.08 0.00 000 326 0.04
Clinopodium vulgare L. 0.00 0.00 0.00 0.00 0.00 000 000 0.00 000 000 000 000 1429 560 000 0.00 179 0.70
Convolvulus arvensis L. 4118 1.92 25.00 0.13 66.67 9.95 50.00 4.83 66.67 7.00 500 365 7143 288 40.00 1.05 5137 3.93
Conyza canadensis (L.) Cronquist 41,18 150 75.00 17.70 33.33 1.04 2500 089 000 000 500 622 000 0.00 3000 113 3181 356
Crepis setosa Haller f. 588 0.11 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 0.00 10.00 0.08 1.99 0.02
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1 Table 2 (Continued). Weed species detected in hazelnut orchards in Diizce province, densities (plant m2) and frequencies (%)
et e Akgakoca Cumayeri Cilimli Golyaka Giimiisova Kaynash Yigilca Center Diizce

Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freqg. Dens.
Crepis vesicaria L. 588 0.06 25.00 351 0.00 0.00 2500 0.17 66.67 3.10 0.00 0.00 0.00 0.00 10.00 0.25 16.57 0.89
Cynosurus cristatus L. 0.00 0.00 0.00 0.00 33.33 80.23 0.00 0.00 66.67 3.90 0.00 0.00 0.00 0.00 0.00 0.00 125 10.52
Cynosurus echinatus L. 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 0.00 000 1429 0.72 30.00 6.03 554 0384
Cyperus esculentus L. 11.76 033 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 000 000 0.00 147 0.04
Dactylis glomerata subsp. glomerata L. 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 000 0.0 000 0.00 0.00 10.00 161 1.25 0.20
Dianthus armeria L. 0.00 0.00 25.00 0.714 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00 0.0 000 313 0.09
Dipsacus laciniatus L. 0.00 0.00 0.00 0.00 0.00 000 2500 053 000 000 O0.00 000 0.00 000 O0.00 000 313 0.07
Echium vulgare L. 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 000 0.00 000 1429 0.20 10.00 0.04 3.04 0.03
Epilobium tetragonum subsp. tetragonum L. 0.00 0.00 0.00 0.00 3333 154 0.00 000 000 0.00 O0.00 000 0.00 0.00 O0.00 000 417 0.19
Euphorbia stricta L. 29.41 285 2500 184 0.00 0.00 25.00 2.83 33.33 220 50.00 144 0.00 0.00 20.00 0.49 2284 1.46
Filipendula vulgaris Moench 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 3333 1451 0.00 0.00 0.00 0.00 0.00 000 417 181
Fragaria vesca L. 11.76 110 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 1000 0.86 2.72 0.25
Galega officinalis L. 588 0.33 50.00 385 0.00 000 0.00 0.00 3333 207 0.00 0.00 1429 0.38 10.00 0.21 14.19 0.86
Galium verum L. 0.00 0.00 25.00 22.84 33.33 2.05 0.00 0.00 33.33 1054 0.00 0.00 0.00 0.00 0.00 0.00 11.46 4.43
Geranium asphodeloides Burm.f. subsp. asphodeloides 23.53 2.07 0.00 0.00 0.00 0.00 25.00 0.67 33.33 4.15 0.00 0.00 1429 0.25 20.00 0.60 14.52 0.97
Geranium macrostylum Boiss. 0.00 0.00 25.00 0.88 0.00 0.00 25.00 4.00 33.33 1229 0.00 0.00 0.00 0.00 0.00 0.00 1042 215
Geranium pyrenaicum Burm.f. 11.76 0.40 25.00 0.28 33.33 346 25.00 327 3333 0.73 50.00 834 57.14 6.00 70.00 14.20 38.20 4.59
Geum urbanum L. 2353 107 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 000 000 0.00 000 294 013
Glechoma hederacea L. 2353 294 0.00 0.00 000 0.00 000 0.00 0.00 000 0.00 0.00 000 000 1000 6.76 419 121
Hedera helix L. 11.76 289 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 2857 7.16 000 0.00 504 1.26
Holcus lanatus L. 17.65 271 75.00 2526 0.00 0.00 0.00 000 3333 124 000 0.00 0.00 0.00 60.00 17.73 23.25 5.87
Hordeum bulbosum L. 588 6.43 0.00 0.00 0.00 0.00 2500 52.33 0.00 0.00 50.00 4.17 0.00 0.00 30.00 4.48 13.86 8.43
Hordeum murinum subsp. leporinum (Link) Arcang. 588 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.68 3.24 0.16
Hypericum androsaemum L. 588 0.07 0.00 0.00 0.00 000 0.00 000 000 000 0.00 000 0.00 0.00 0.00 000 074 o0.01
Hypochaeris radicata L. 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 0.00 0.00 000 0.00 0.00 20.00 073 250 0.09
Knautia arvensis (L.) Coult. 0.00 0.00 25.00 042 0.00 0.00 0.00 0.00 3333 746 0.00 0.00 1429 0.06 0.00 0.00 9.08 0.99
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1 Table 2 (Continued). Weed species detected in hazelnut orchards in Diizce province, densities (plant m?) and frequencies (%)
Weed Species Akgakoca  Cumayeri Cilimli Golyaka Giimiisova Kaynash Yigilca Center Diizce

Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freqg. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens.
Knautia degenii Borbas ex Formanek 0.00 0.00 0.00 0.00 66.67 177 2500 000 0.00 0.00 0.00 0.00 0.00 0.00 20.00 231 1396 051
Lapsana communis L. 52.94 185 50.00 055 3333 0.77 1000 331 66.67 212 100.0 2.00 4286 1.06 40.00 129 60.72 1.62
Lapsana communis subsp. intermedia 0.00 0.00 0.00 0.00 000 000 o000 000 000 o000 o000 O0.00 0.0 0.00 1000 140 125 0.17
Lathyrus nissolia L. 0.00 0.00 0.00 0.00 000 000 000 000 3333 263 5000 052 0.00 0.00 000 0.00 1042 0.39
Lathyrus sativus L. 0.00 0.00 0.00 0.00 000 000 000 o000 0.00 o000 000 O0.00 0.00 0.00 1000 056 125 0.07
Lolium perenne L. 0.00 0.00 50.00 494 000 0.00 2500 6.30 33.33 12.00 50.00 521 0.00 0.00 80.00 16.99 29.79 5.68
Lotus corniculatus var. corniculatus L. 0.00 0.00 50.00 0.82 3333 054 000 000 0.00 0.00 O0.00 0.00 1429 0.08 10.00 0.89 1345 0.29
Lysimachia nummularia L. 0.00 0.00 0.00 000 000 000 2500 244 3333 102 000 000 0.00 0.0 000 000 729 043
Lythrum cf. hyssopifolia L. 588 0.08 0.00 0.00 000 000 000 000 0.00 o000 000 0.00 0.00 O0.00 000 0.00 074 o0.01
Medicago arabica (L.) Huds. 1765 1.05 0.00 0.00 0.00 0.00 2500 433 66.67 337 000 000 000 0.00 2000 069 16.16 1.18
Melissa officinalis L. 0.00 0.00 0.00 0.00 000 000 o000 000 0.00 o000 o000 O0.00 7143 16.03 000 0.00 8.93 200
Mentha sp. 1176 131 0.00 0.00 0.00 0.00 7500 921 000 000 000 000 000 000 000 0.00 1085 1.32
Mercurialis annua L. 588 0.14 0.00 0.00 000 000 000 000 0.00 o000 000 0.00 0.00 000 000 0.00 074 0.02
Moenchia mantica (L.) Bartl. 0.00 0.00 0.00 000 000 000 000 000 3333 249 000 0.00 0.00 0.0 000 0.00 417 031
Myosotis alpestris subsp. alpestris 0.00 0.00 0.00 0.00 000 000 000 000 3333 263 000 000 0.00 0.00 000 0.00 417 0.33
Oenanthe silaifolia M.Bieb. 52.94 3.13 50.00 2.14 66.67 3.35 100.0 6.36 100.0 10.37 100.0 8.27 57.14 252 100.0 5.14 7834 5.16
Oxalis corniculata L. 3529 409 000 000 000 000 000 000 0.00 000 O0.00 0.00 5714 465 000 0.00 1155 1.09
Plantago lanceolata L. 0.00 0.00 0.00 0.00 000 000 2500 233 000 o000 000 O0.00 O0.00 o000 000 0.00 313 0.29
Plantago major subsp. major L. 2353 085 0.00 0.00 0.00 0.00 0.00 0.00 3333 044 0.00 0.00 1429 075 0.00 0.00 8.89 0.25
Poa pratensis L. 11.76 2.02 0.00 0.00 33.33 11.04 0.00 0.00 33.33 68.05 50.00 4.31 2857 528 40.00 6.49 24.63 12.15
Poa trivialis L. 0.00 0.00 50.00 3.77 0.00 0.00 50.00 19.36 33.33 0.73 0.00 0.00 0.00 0.00 40.00 6.09 2167 3.74
Potentilla reptans L. 52.94 2125 50.00 5.72 100.0 38.31 100.0 70.62 100.0 34.20 100.0 42.89 71.43 18.76 80.00 51.89 81.80 35.46
Prunella vulgaris L. 29.41 270 50.00 7.37 3333 11.31 0.00 0.00 0.00 0.00 50.00 8.62 42.86 0.92 30.00 3.46 29.45 4.30
Pteridium aquilinum (L.) Kuhn 1765 061 0.00 0.00 0.00 000 000 0.00 000 0.00 5000 1.91 2857 0.28 10.00 0.13 13.28 0.37
Pulicaria dysenterica (L.) Bernh. 588 0.89 0.00 000 000 000 000 000 0.00 o000 000 0.00 0.00 000 000 0.00 074 011
Ranunculus constantinopolitanus 588 0.11 0.00 000 000 000 000 000 0.00 000 000 0.00 2857 040 2000 090 6.81 0.18
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1 Table 2 (Continued). Weed species detected in hazelnut orchards in Diizce province, densities (plant m?) and frequencies (%)
et e Akcakoca  Cumayeri Cilimli Golyaka Giimiisova Kaynash Yigilca Center Diizce

Freq. Dens. Freqg. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freq. Dens. Freqg. Dens.
Raphanus raphanistrum L. 1765 034 0.00 0.00 0.00 0.00 2500 050 0.00 000 0.00 0.00 0.00 000 000 0.00 533 0.10
Rorippa sylvestris (L.) Besser 588 045 0.00 000 0.00 0.00 000 000 000 0.00 000 000 000 0.00 0.00 000 0.74 0.06
Rubus tereticaulis P.J.Miill. 41,18 138 0.00 0.00 0.00 0.00 7500 4.63 3333 1.32 1000 452 7143 225 30.00 131 4387 1.93
Rumex crispus L. 1765 047 0.00 0.00 0.00 0.00 0.00 0.00 3333 3.07 0.00 0.00 0.00 000 000 0.00 637 044
Rumex obtusifolius L. 11.76 051 0.00 0.00 0.00 000 000 0.00 0.00 000 0.00 0.00 0.00 000 000 0.00 147 0.06
Salvia forskahlei L. 11.76 0.21 25.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00 50.00 9.10 0.00 0.00 0.00 0.00 10.85 1.20
Sanguisorba minor L. 588 0.10 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 000 1429 0.20 30.00 047 6.27 0.10
Scrophularia scopolii var. scopolii. 4118 570 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 2857 205 0.00 0.00 872 0.97
Securigera varia (L.) Lassen 0.00 0.00 0.00 000 0.00 0.00 000 000 000 0.00 0.00 000 1429 020 0.00 000 1.79 0.03
Setaria glauca (L.) P.Beauv. 588 0.21 0.00 0.00 3333 1641 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 000 4.9 208
Sherardia arvensis L. 0.00 0.00 75.00 164 0.00 0.00 0.00 0.00 66.67 1041 0.00 0.00 14.29 0.24 50.00 3.60 25.74 1.99
Solanum nigrum L. 588 1.73 0.00 0.00 3333 026 0.00 000 000 0.00 0.00 000 0.00 0.00 0.00 000 4.9 025
Sonchus asper subsp. glaucescens (Jord.) Ball 11.76 0.21 25.00 0.13 66.67 3.10 000 0.00 0.00 0.00 0.00 0.00 4286 138 10.00 1.63 19.54 0.81
Sophora jaubertii Spach 0.00 0.00 0.00 000 0.00 0.00 000 000 000 0.00 0.00 000 1429 030 0.00 000 1.79 0.04
Sorghum bicolor (L.) Moench 0.00 0.00 0.00 0.00 33.33 30.26 0.00 000 0.00 0.00 0.00 000 000 0.00 000 000 417 378
Taraxacum macrolepium Schischk. 588 0.78 0.00 0.00 0.00 0.00 25.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 1000 0.86 511 0.23
Trachystemon orientalis (L.) G.Don 2353 103 000 0.00 000 000 0.00 0.00 000 000 000 0.00 2857 122 1000 056 7.76 0.35
Trifolium campestre Schreb. 5.88 0.32 50.00 2.67 3333 754 0.00 0.00 3333 10.37 100.0 1545 1429 0.70 60.00 899 37.10 5.75
Trifolium hybridum var. hybridum L. 0.00 0.00 25.00 059 0.00 0.00 25.00 240 0.00 0.00 0.00 000 0.00 0.00 0.00 000 6.25 0.37
Trifolium pratense var. pratense L. 11.76 1.00 25.00 155 66.67 4.79 75.00 25.02 0.00 0.00 50.00 15.12 28,57 190 0.00 0.00 32.13 6.17
Trifolium repens L. 3529 849 2500 586 0.00 000 2500 0.70 33.33 790 0.00 0.00 57.14 947 50.00 5.04 28.22 4.68
Urtica dioica subsp. dioica L. 2353 223 0.00 0.00 3333 173 75.00 4.38 33.33 4.68 50.00 239 2857 330 10.00 2.07 31.72 2.60
Veronica filiformis Sm. 588 0.32 0.00 000 0.00 0.00 25.00 047 0.00 0.00 0.00 000 0.00 0.00 000 000 386 0.10
Vicia sativa subsp. nigra var. nigra (L.) Ehrh. 0.00 0.00 0.00 0.00 0.00 0.00 000 000 3333 395 0.00 000 0.00 0.00 10.00 0.18 542 052
Vicia sativa subsp. nigra var. segetalis (Thuill.) 588 0.05 0.00 0.00 0.00 0.00 0.00 0.00 3333 044 000 0.00 1429 0.08 1000 0.32 794 0.11
Xanthium orientale subsp. italicum (Moretti) Greuter 588 0.20 2500 176 000 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 000 386 0.24
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Table 3. Weed species with the highest density in hazelnut orchards in Diizce province

Weed Species Akgakoca Cumayeri Cilimli Golyaka  Giimiisova Kaynash Yigilca Center Diizce

Dens. Dens. Dens. Dens. Dens. Dens. Dens. Dens. Dens.

Potentilla reptans L. 21.25 5.72 38.31 70.62 34.20 42.89 18.76 51.89 35.46
Poa pratensis L. 2.02 0.00 11.04 0.00 68.05 4.31 5.28 6.49 12.15
Bromus hordeaceus subsp. hordeaceus L. 0.19 0.00 0.00 95.00 0.00 0.00 0.00 0.59 11.97
Cynosurus cristatus L. 0.00 0.00 80.23 0.00 3.90 0.00 0.00 0.00 10.52
Bromus sterilis L. 9.75 4.25 0.00 0.00 47.41 0.00 0.00 10.36 8.97
Hordeum bulbosum L. 6.43 0.00 0.00 52.33 0.00 4.17 0.00 4.48 8.43
Trifolium pratense var. pratense L. 1.00 1.55 4.79 25.02 0.00 15.12 1.90 0.00 6.17
Holcus lanatus L. 2.71 25.26 0.00 0.00 1.24 0.00 0.00 17.73 5.87
/rj]t’opsicr‘gi‘éz Smgﬂzusm'des subsp. 2.80 217 26.31 0.00 15.44 0.00 0.00 0.00 5.84
Trifolium campestre Schreb. 0.32 2.67 7.54 0.00 10.37 15.45 0.70 8.99 5.75

Table 4. Weed species with the highest frequency in hazelnut orchards in Diizce province

Weed Species Akcakoca  Cumayeri Cilimli Golyaka Giimiisova Kaynash Yigilca Center Diizce

Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq. Freq.

Potentilla reptans L. 52.94 50.00 100.0 100.0 100.0 100.0 71.43 80.00 81.80
Oenanthe silaifolia M.Bieb. 52.94 50.00 66.67 100.0 100.0 100.0 57.14 100.0 78.34
Lapsana communis L. 52.94 50.00 33.33 100.0 66.67 100.0 42.86 40.00 60.72
Convolvulus arvensis L. 41.18 25.00 66.67 50.00 66.67 50.00 71.43 40.00 51.37
Rubus tereticaulis P.J.Mill. 41.18 0.00 0.00 75.00 33.33 100.0 71.43 30.00 43.87
Geranium pyrenaicum Burm.f. 11.76 25.00 33.33 25.00 33.33 50.00 57.14 70.00 38.20
Trifolium campestre Schreb. 5.88 50.00 33.33 0.00 33.33 100.0 14.29 60.00 37.10
Trifolium pratense var. pratense L. 11.76 25.00 66.67 75.00 0.00 50.00 28.57 0.00 32.13
Conyza canadensis (L.) Cronquist 41.18 75.00 33.33 25.00 0.00 50.00 0.00 30.00 31.81
Urtica dioica subsp. dioica L. 23.53 0.00 33.33 75.00 33.33 50.00 28.57 10.00 31.72
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3.2. Discussion

In this study, it was observed that weed control was generally carried out in the hazelnut orchards where surveys
were carried out. Although herbicide is mostly applied in the control, it has been observed that the use of motorized
scythes is also common. It is known that weeding is at high density due to the rainfall regime of the Black Sea
Region. High weed density in hazelnut orchards, especially during fertilization periods, can cause yield losses in
the product by sharing nutrients in the soil, but can also be a host for diseases and pests. To prevent this, knowing
the weed species, their density, and frequency may be advantageous to the producer or technical staff in deciding
on the periods and methods of control. By selecting the appropriate herbicide according to weed density and type
and determining the control method that will protect nature, beneficial organisms can also continue their activities.
The identified species are new records detected in the hazelnut orchards of Diizce province.

Ogiit Yavuz and Boz (2007) aimed to determine the weed species found in the nurseries of Aydin province in
summer and winter, their frequency, number per m? and coverage areas. According to the research they conducted
between 2004 and 2005, a total of 20 species belonging to 13 families, 7 of which are monocotyledonous and 13
of which are dicotyledonous, were identified among the weeds detected in the summer period. Among these
species, Purslane (Portulaca oleraceae) ranks first with a frequency of 87.80%. A total of 47 weed species
belonging to 20 families, 12 of which are monocotyledonous and 35 of which are dicotyledonous, were detected
during the winter period. Among these species, Chickweed (Stellaria media) ranks first with 79.80%.

Ahkemoglu and Uygur (2018) studied six different orange gardens in Adana Province in 2015 and 2016; and
concluded that weeds, which interact with various factors in the agroecosystem, can host plant disease agents and
harmful arthropods and nematodes, serve as the main host and alternative host, or can be a wintering place for
these organisms. Based on the idea that "one of the examples of this relationship is the interaction between weeds
and mealybugs", the study planned to investigate the weed species in the gardens and the mealybug species on
them. In total, 78 weed species belonging to 24 plant families were identified. Citrus mealybug, Planococcus citri
(Risso), which is the most important mealybug species for citrus gardens, common mallow (Malva sylvestris L.),
toadflax (Linaria sp.), black nightshade (Solanum nigrum L.), red-root amaranth (Amaranthus retroflexus L.),
crimson clover (Trifolium incarnatum L.), purslane (Portulaca oleraceae L.). Other species identified are
Chorizococcus rostellum (Lobdell), Peliococcus turanicus (Kiritshenko), Phenacoccus solani (Ferris), and
Phenacoccus solenopsis (Tinsley).

Sokat and Catikkas (2019) investigated the weed species, their density and frequency in the almond production
areas of Manisa and Mugla Province in 2017. As a result of this research, a total of 62 different weed species
belonging to 27 families were identified. Of the mentioned species, 1 is a parasite (Viscum album), 13 are narrow-
leaved, and 40 are broad-leaved weed species. In Mugla province, among broadleaf weeds, it was determined that
the highest weed density and frequency were in the species Oxalis pes-caprae (18.57 plants m; 60%), Raphanus
raphanistrum (16.03 plants m?; 56%), Convolvulus arvensis (5.36 plants m?; 20%) and among grassweeds
Sorghum halepense (8.72 plants m2; 38%), Cyperus rotundus (6.46 plants m; 36%).In Manisa province, the most
dense and frequent broadleaf weed species were Ranunculus arvensis (18.57 plants m2; 45%), Crepis spp. (16.12
plants m; 55%), Matricaria chamomilla (15.19 plants m2; 65%), Senecio vernalis (9.48 plants m; 32%) and
among narrow-leaf weeds Cynodon dactylon (20.89 plants m; 35%), Poa annua (20.5 plants m2; 31%), Bromus
tectorum (18.57 plants m2; 28%).

4, Conclusions

In conclusion, in order to minimize the decrease in productivity caused by weeds in hazelnut cultivation and
production; Knowing which weeds we will be fighting against and at what density they occur is important to
choose a more appropriate, economical, and effective control method to protect against diseases and damage. Thus,
with correct and conscious weed control, it will be possible to contribute to production, nature, and economy by
preventing yield losses caused by weeds in hazelnuts. The effect of powdery mildew disease (Erysiphe betae) on
yield, which has been a significant problem in hazelnut production in recent years, and its relationship with weeds
as hosts may be a new research topic in this sense.
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Trakya Boélgesi'nde Olasi iklim Degisikligi Senaryolarinin Aycicegi ve Kislik Bugdayin
Biyokiitle ve Tane Verimine Etkilerinin AquaCrop Modeli ile Analizi

Fatih BAKANOGULLARI
Abstract

Prediction of crop yield and biomass in agricultural production is crucial for both food safety and national
economic projections. This study aimed to determine the relationship between the effects of climate change and
biomass and grain yield of two crops (winter wheat and sunflower) at two locations, Kirklareli (KRK), Edirne-
Orhaniye (EOR), with different soil textures, in the Thrace region. The scenarios (n=S1, S2,...,S65) of sensitivity
analysis established by considering the expected trend of climate change were evaluated in terms of biomass and
grain yield for sunflower and winter wheat crops with the AquaCrop model. The model predicted the highest losses
of grain yield and biomass, when the air temperature was increased by 5 °C and the precipitation was decreased
by 50% during the growing seasons of both crops (in the scenario S42). In the scenarios where only temperature
was increased, grain and biomass yield values of sunflower was decreased, while those of winter wheat was
increased. The combined effects of increased global solar radiation and decreased temperature had a negative
effect on wheat production at EOR. For both sunflower and wheat, the most negative impacts on yield and biomass
production were observed with the combined scenarios of various temperature increases and precipitation
decreases during each growing season at each location. According to the simulation results of the defined single
and combined scenarios in both spatial areas, while the grain and biomass yields of the summer planted sunflower
plant were negative linear relations every scenario, non-linear relations were determined in the yields of the winter-
wheat plant. Finally, with the defined sensitivity scenarios, the correlation coefficients between biomass and grain
yield of sunflower and winter wheat under similar climate but different soil types in two locations were found to
be R?=0.88 and 0.87 for KRK and R% = 0.56, and 0.79, for EOR, respectively.

Keywords: Agrometeorology, Winter wheat, Sunflower, Sensitivity analysis, AquaCrop

*Sorumlu Yazar/Corresponding Author: Fatih Bakanogullari, Metropolitan Municipality, Agricultural Service Department, Tekirdag, Tiirkiye. E-mail:

fhakanogullari@gmail.com OrclD: 0000-0001-6329-5422

Atif: Bakanogullari, F. (2024). Trakya Bolgesi'nde olasi iklim degisikligi senaryolarinin aygigegi ve kislik bugdayn biyokiitle ve tane verimine etkilerinin aquacrop
modeli ile analizi. Tekirdag Ziraat Fakiiltesi Dergisi, 21(5): 1267-1281.

Citation: Bakanogullari, F. (2024). Analyze of the effects of possible climate change scenarios for biomass and grain yields of sunflower and winter wheat with
aquacrop model in the Thrace Region of Tiirkiye. Journal of Tekirdag Agricultural Faculty, 21(5): 1267-1281.

©Bu ¢aligma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmustir. Tekirdag 2024

1267


mailto:fbakanogullari@gmail.com
https://orcid.org/0000-0001-6329-5422
https://orcid.org

Bakanogullari
Analyze of The Effects of Possible Climate Change Scenarios for Biomass and Grain Yields of Sunflower and Winter Wheat with AquaCrop Model in The
Thrace Region of Tiirkiye

Oz

Tarimsal tiretimde {irlin verimi ve biyokiitlenin tahmini hem gida giivenligi hem de ulusal ekonomik projeksiyonlar
acisindan bityiik 6nem tagimaktadir. Bu ¢alismada, Trakya bolgesinde, Kirklareli (KRK), Edirne-Orhaniye (EOR)
de, farkli toprak biinyesine sahip iki lokasyonda iklim degisikliginin etkileri ile iki @iriiniin (kislik bugday ve
aycicegi) biyokiitle ve tane verimi arasindaki iligkinin belirlenmesi amaglamustir. Iklim degisikliginin beklenen
egilimi dikkate alinarak olusturulan hassaslik analizi senaryolar1 (n=S1, S2,...,S65) AquaCrop modeli ile ay¢icegi
ve kiglik bugday bitkisi i¢in biyokiitle ve tane verimi agisindan degerlendirilmistir. Model, her iki {irliniin
yetistirme sezonu boyunca hava sicakliginin 5 °C arttig1 ve yagislarin %50 azaldigi senaryoda (S42) dane ve
biyokiitle veriminde en yiiksek kayiplari tahmin etmistir. Sadece sicakligin artirildig1 senaryolarda aygigeginin
dane ve biyokiitle verim degerleri diiserken, kislik bugdaymn dane ve biyokiitle verim degerleri artti. Artan global
giines radyasyonu ve azalan sicakligin birlesik etkileri, EOR istasyonunda bugday dane iiretimi iizerinde negatif
bir etki yaratti. Hem aycigcegi hem de bugday i¢in, dane ve biyokiitle {iretimi tizerindeki en olumsuz etkiler, her iki
gelisme sezonu boyunca, iki lokasyonda da cesitli sicaklik artiglart ve yagis diisiislerinin bir araya getirildigi
senaryolarla gozlemlendi. Olusturulan hassaslik analiz senaryolarmin tekli ve birlesik senaryolarin her iki
mekansal alanda simiilasyon sonuclarina gore, yazlik ekilen aygicegi bitkisinin tane ve biyokiitle verimleri her
senaryoda negatif dogrusal iliskiler gosterirken, kislik bugday bitkisinin dane verimlerinde dogrusal olmayan
iligkiler belirlenmistir. Son olarak, tanimlanan duyarlilik senaryolari ile benzer iklim ancak farkli toprak tiplerine
sahip iki lokasyondaki aygicegi ve kiglik bugdayim biyokiitle ve tane verimi arasindaki korelasyon katsayilar
sirastyla KRK icin R?= 0.88 ve 0.87 ve EOR icin R? = 0.56 ve 0.79 olarak bulunmustur.

Anahtar Kelimeler: Agrometeoroloji, Kiglik bugday, Aygicegi, Hassasiyet analizi, AquaCrop
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1. Introduction

Agricultural production is greatly influenced by the climate. Changes in greenhouse gas concentrations, global
solar radiation, and air temperature patterns may have significant consequences for potential and rainfed yields.
Except in the coldest regions where the temperature is currently below the optimum range, rising temperatures can
affect crop production negatively by shortening the growing season and reducing the time for biomass
accumulation (Supit et al., 2012).

Prediction of crop yield and biomass in agricultural production is crucial for both food safety and national
economic politics. The effects of climate change on future yield rates of widely grown and potential crop types in
different regions of the world have been a long-standing concern.

Effects of climate changes on future yield rates of currently grown and possible crop types in the different
regions of the globe have long been at stake and many crop growth simulation models have been used to predict
crop responses to possible climate changes for years. Among those, the AquaCrop model developed by the Food
and Agriculture Organization of the United Nations (FAO) has become widespread in recent years (Raes et al.,
2018). Researchers from different countries have used agrometeorological models to evaluate irrigation schedules
and agricultural practices to better understand the possible impacts of agricultural drought on crop growth and
yield (Andarzian et al., 2011; Mkhabela and Bullock, 2012; Nazeer and Ali, 2012; Vanuytrecth et al., 2014;
Voloudakis et al., 2015; Kale, 2016; Zeleke and Nendel, 2020). The AquaCrop model has been used to estimate
the grain yield and biomass of various plant species under rainfed conditions or different irrigation regimes (Igbal
etal., 2014; Paredes et al., 2015; Toumi et al., 2016; Bello and Walker, 2017; Jin et al., 2018; Nyathi et al., 2018;
Pirmoradian and Davatgar, 2019). Especially, by the sensitivity analysis and calibration procedures, scientifically
reasonable results were achieved by the AquaCrop model on major plant species grown under diverse agro-
meteorological conditions (Trombette et al., 2016; Xing et al., 2017; Xiuliang et al., 2018). Argentel-Martinez et
al. (2021) aimed to evaluate the existing correlation among vegetative and reproductive variables in wheat in a
climate change scenario based on temperature increase, under field conditions, in the crystalline wheat cultivar
CIRNO C2008, and recommend variables as precise indicators of heat stress tolerance.

Eitzinger et al. (2013) compared the performance of the AquaCrop model for winter wheat and maize yields.
These authors reported that the greatest decrease in yield, by about 28% and 90%, respectively, was observed with
the scenario of changes of +4°C in both minimum and maximum daily temperatures and zero precipitation. They
also analyzed the sensitivity of crop models to extreme weather events for winter wheat and maize in Austria.

Some researchers have been used different crop growth simulation models to predict crop responses to possible
long term climate changes in the Thrace Region. Saylan et al. (2017) analyzed growing season (2010-2011) of the
selected winter wheat in the KRK location used for two crop growth models, namely DSSAT and WOFOST that
were calibrated for winter wheat and yield changes were estimated with the RegCm4 model and 1975-2010 and
2013-2040 projections. Caldag et al. (2017) monitored and analyzed two consecutive winter wheat growing
seasons (2009-2010 and 2010-2011) in the selected field with the RegCM4 regional climate model for the data of
the wheat plant in two growing seasons in the KRK location. Input databases of the CERES-Wheat and WOFOST
models were provided regularly. Also, the sensitivity of the winter wheat grain and biomass yields changes has
been determined for future projections using with same scenarios. Konukcu et al. (2020) investigated the effect of
climate change on wheat yield in the short (2020-2030), medium (2046-2055) and long (2076-2085) term periods
in the Thrace Region using AquaCrop and WOFOST models. RegCM3 Regional Climate Model, reference and
A2 scenario outputs were used to predict climate change. Wheat yields obtained from farmer fields in Corlu
Pmarbag1 sub-basin in 2016-2017 growing period were compared with the model prediction in order to do the
calibration and yields were focused to forecasted in the future periods. (Yesilkoy and Saylan, 2020) investigated
actual crop yield and Crop Water Footprint of winter wheat grown under rainfed conditions by using AquaCrop
model for two growing seasons. RCP 4.5 and 8.5 scenario results produced by HadGEM2-ES model were used as
input data to estimate the crop yield and water footprint of the future (2020-2099) by AquaCrop. The AquaCrop
was performed according to RCP 4.5 and 8.5 scenarios with and AquaCrop was not performed because necessary
input data such as meteorological, soil and crop phenological data for the model were insufficient. Oztiirk (2024)
compared the performance of the winter wheat genotype about abiotic conditions and reported that the importance
of genotype and environmental effects on yield and quality.
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Fuso et al. (2023) stated global circulation models (GCMs) provide climate projections on a coarse grid
resolution, generally not suitable to represent climatic variability at a local scale.

Relevant literature shows that there are several models used to predict climate changes in the long term future
periods and give different results in spite of using the same scenarios which extensively focused on cereal crops
in the semiarid climates and Regional Climate Models, like as RCP 4.5, 8.5 and A2 scenario outputs were used to
predict climate change. To fulfil this knowledge gap, this research has a focus not only on cereal crop but also on
oil crop plant, sunflower, widely cultivated in the region. Additionally, Scenarios regarding possible climatic
fluctuations in the future were compared with the changes in grain and biomass yields in the years when the
experiments were carried out.

The northwest part of Turkey (Thrace region) plays an important role in rainfed sunflower and winter wheat
cultivation and production, accounting for 65% and 15% of the total crop production of the country, respectively.
However, the atmospheric conditions are becoming unpredictable in the region, which is expected to have both
positive or negative impacts on regional agriculture under the recent fluctuations of climate variables. The aspect
of crop productivity for the major cultivars is a concern that needs to be assessed by explanatory modelling
approaches. The objectives of this study were to analyze the sensitivity of yield and biomass of winter wheat and
sunflower under rainfed conditions to different the changes in meteorological variables for two different soil type
and location using the AquaCrop model. The results obtained from this study can offer valuable insights for
adaptation to the risks of the effects of climatic fluctuations and biomass and grain yield of sensitivity of climate
change. Climate change is affecting agricultural production and pattern in the Thrace part of Turkey

The paper is structured as follows. In the “Material and methods™ section, the study area, the agricultural
practices, the meteorological data and plant materials, the model description, the statistical analysis and the climate
scenarios methodology are presented. Results are in the “Results and discussion” section. Conclusion is the
“Conclusion” section, respectively.

2.Material and Methods
2.1. Study area, agricultural practices, meteorological data and plant materials

This experimental study was conducted in the fields of Atatiirk Soil Water and Agricultural Meteorology
Research Institute to compare the AquaCrop model-based predictions with the measured values of biomass and
grain yields of sunflower and wheat between the years 2014 and 2018 under rainfed conditions. The field studies
were carried out at two sites: Kirklareli (KRK) (41°42'N, 27°12' E) and Edirne-Orhaniye (EOR) (41°43' N, 26°26’
E), in the northeast and the southwest of the Thrace region of Turkey (Figure 1).

The total sizes of fields at KRK and EOR were 3.6 and 3.0 ha, respectively. The widely grown domestic
cultivars of sunflower (Tunca) and winter wheat (Gelibolu) were planted under local conventional farming
practices in the region. Sunflower was planted for three growing seasons (2014, 2015, and 2017) and winter wheat
for two growing seasons (2015-2016 and 2017-2018) at both locations.

The sunflower hybrid genotype Tunca and the Gelibolu cultivar of winter wheat were sown at a depth of 4-5
cm. The furrows were 30 cm apart with a plant spacing of 70 cm for sunflower, and 5 cm apart with a plant spacing
of 10 cm for winter wheat, respectively. The experimental fields were monitored for pests and weeds, and
pesticides were applied when needed. Seed bed and seed sowing operations were carried out by following a wheat-
sunflower rotation system under traditional rainfed agriculture. Chemical fertilization for sunflower was carried
out with 100 kg ha™ di-ammonium phosphate (46-18-0) fertilizer as the base fertilizer and 100 kg ha* urea (46-0-
0) in hoeing and additionally, 1500 ml ha! imazamox was used as an herbicide. For wheat fertilization, 150 kg ha-
! di-ammonium phosphate was applied as the base fertilizer and 150 kg ha* urea in tillering period and 100 kg ha-
Lurea in the growing period along with 10 gr ha'* of clorsulfuron and 1250 gr ha* of the mixture of prothioconazole
+ spiroxamine as a crown and 1250 gr ha? of the mixture of epoxiconazole and fenpropimorph as herbicides.
Biomass analysis was conducted by taking three different samples from in the field every 15 days for each crop.
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Figure 1. Site location map in the Thrace region. the experimental fields at the Kirklareli (KRK) and Edirne-
Orhaniye (EOR) sites

Full-automated meteorological stations were installed at the research fields in each site including a datalogger
(CR1000 Campbell Sci, Inc., Logan, UT, USA) which regularly recorded air temperature and relative humidity
(Rotronic and Vaisala), wind speed and direction (NRG) and soil water content (CS616, Campbell Sci.) gauged at
the depths of 0-30, 30-60, 60-90 cm by moisture sensors and a pyranometer (CMP6, Kipp and Zonen). Complete
systems are capable to measure data in 30 sec. time interval, taking 10, 30, 60 min and 24-hour records, as well
(Figure 2).

The ETo (Reference Evapotranspiration) calculator (FAO, 2009) estimated the daily reference
evapotranspiration (ETo) during growing periods of plants. Mean values of monthly rainfall, mean monthly
maximum and minimum air temperature for five-year periods (2014-2018) were regularly measured and recorded.

Figure 2. Meteorological stations in the KRK site (on the left) and the EOR site (on the right)

Additionally, all necessary data for the model were measured, collected, and observed during the measuring
period such as phenological stages, soil properties, biomass, yield, and agricultural management (fertilization,
irrigation, etc.). Before cultivation, soil samples were taken from each field at depths of 0-30, 30-60, and 60-90
cm. The physical and chemical properties of the soil in the experiment fields are given in Table 1.
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Table 1. Properties of the soils measured at the experimental fields
Location KRK site EOR site
. Soil Depth (cm)
Soil Parameters 0-30 30-60 60-90 030 3060  60-90
Saturation (%) 44 59 57 61 56 50
Sand (%) 66.67 54.17 56.25 22.92 27.08 27.08
Silt (%) 20.83 27.08 27.08 25.00 22.92 20.83
Clay (%) 12.50 18.75 16.67 52.08 50.00 52.09
Soil texture Sandy loam Sandy loam Sandy loam Clay Clay Clay
FC (%) 16.20 16.85 22.82 29.36 23.65 23.93
WP (%) 6.73 10.32 10.12 20.69 17.35 18.08

KRK: Kirklareli, EOR: Edirne-Orhaniye, FC: field capacity, WP: wilting point.
2.2. Model description

In this study, AquaCrop model v6.0 (Raes et al., 2018) was used to model biomass and grain yield of sunflower
and winter wheat. This model was developed to help agronomists, consultants, irrigation engineers, and farm
managers to increase crop water productivity under rainfed and irrigated conditions (Raes et al., 2009). Under
water limiting conditions, AquaCrop can simulate water requirements, water use efficiency and crop productivity.
Apart from being easy to operate when compared to other models, it also requires a limited set of input parameters
for predictions. AquaCrop uses the first (Doorenbos and Kassam, 1979) equation for the biomass calculation and,
finally, the crop yield, proportional to the biomass according to a “harvestable part”. The software simulates
Biomass (B) and Yield () of crops, focusing on water stress conditions (Steduto et al., 2009). In the current study,
Aqua Crop model v 6.0 was used to model biomass and grain yield of sunflower and winter wheat. The CO;
(carbon dioxide in the air) data that the AquaCrop model needs is the mean annual atmospheric CO; concentration.
The ‘Maunal.oa.CO>’ file contains the observed yearly atmospheric [CO2] concentration for the period 1902 till
today. Annual atmospheric [CO2] concentration data for the experiment periods (between 2014 and 2018) were
taken from the relevant file.

2.3. Statistical analysis

Model was calibrated and evaluated by using the default conservative parameters which were given the model
for winter wheat and sunflower, along with local management-dependent parameters (measured) and phenological
stages for the local cultivars during the growing seasons between 2014-2018, as listed in Table 2.

Calibration of the model for sunflower and winter wheat was carried out by comparing the simulated and
measured biomass (BM) and grain yield (GY) of sunflower and wheat in the growing seasons of 2014, 2015, and
2017 and 2015-2016, and 2017-2018, respectively. The comparison criteria were the root mean square error
(RMSE), mean absolute error (MAE), relative error (RE), as follows:

The agreement between the observed (Oi) and predicted (Pi) values were evaluated by the following statistical
performance indicators: 1) RMSE, 2) MAE, and 3) RE [Eq. (1), (2) and (3), respectively].

RMSE = [L3IL,(0; = P)? (Eq. 1)
N —0:

MAE = Z=lfeod (Eq. 2)

RE =220 « 100 (Eq. 3)
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Table 2. Measured values of certain local parameters used in the AquaCrop model to simulate sunflower and
winter wheat growth and yield

Measured values

. . KRK EOR KRK EO.R

Description, Location/Plant Winter Winter
Sunflower  Sunflower
wheat wheat

Number of plants per hectare 50000 50000 4500000 4500000
Maximum canopy cover (CCx) in fraction soil cover 0.9 0.9 0.9 0.9
GDDays: from sowing to emergence 67 200 127 138
VGDDays: from sowing to start senescence 1303 1560 1636 1873
GDDays: from sowing to maturity (length of crop
cycle) 1730 2148 2397 2910
Base temperature (°C) below which crop 6.7 6.7 0.0 0.0
development does not progress
Upper temperature (°C) above which crop
development no longer increases with an increase in -~ 30.0 30.0 26.0 26.0
temperature
Calendar Days: from sowing to emergence 9 14 11 11
Calendar Days: from sowing to maximum rooting 90 80 293 181
depth
Calendar Days: from sowing to start senescence 105 97 206 192
Calendar Days: from sowing to maturity (length of 135 129 248 243
crop cycle)

KRK: Kirklareli, EOR: Edirne-Orhaniye.

Table 3. Single and combined climate scenarios (S) used in the sensitivity analysis

T T T T T T-P -P-P -P - P5 Rg Rg

Scenario *1 +2  +3 +4 45 1 10 20 30 40 +2 +4
(C) (%)

T+1C S1 S14 S20 S26 S32  S38 S44 S55
T+2C S2 S15  S21  S27 S33  S39 S45 S56
T+3C S3 S16 S22 S28 S34  S40 S46 S57
T+4°C S4 S17 S23 S29 S35 s41 S47 S58
T+5°C S5 S18 S24 S30 S36  S42 S48 S59
T-1°C S6 S19 S25 S31  S37  S43 S49 S60
P-10% S7 S50 S61
P -20% S8 S51 S62
P -30% S9 S52 S63
P -40% S10 S53 S64
P -50% S11 S54 S65
Rg +2% S12
Rg +4% S13
S1, 82, 83, ......, S64 and S65: number of scenarios,

T+1°C, T+2 °C, T+3 °C, T+4 °C, and T+5 "C indicate 1, 2, 3, 4 and 5 °C increases in the air temperature, respectively.

T-1 °C indicates 1 °C decrease in air temperature.

P -10%, P -20%, P -30%, P -40% and P -50% signify 10, 20, 30, 40 and 50 percent reductions in the precipitation, respectively.
Rg +2% and Rg +4% signify 2 and 4 percent increases in the global solar radiation, respectively.
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2.4. Sensitivity scenarios methodology

Considering the boundary conditions of most of the General Circulation Models (GCM) and approaches from
two different scenarios (RCP 4.5 and 8.5), average temperatures would show an increasing trend, whereas no such
common result can be deduced for precipitation (Yesilkdy and Saylan, 2020). Therefore, in the current study,
instead of using global or regional climate scenarios, sixty-five (65) climate sensitivity analysis scenarios created
by considering the expected trend of climate change were evaluated for the effects of single and combined
variations of meteorological factors on plant grain and biomass yields. These sensitivity scenarios which are in
Table 3 were used to determine the changes in the biomass and yield of wheat and sunflower under rainfed
conditions.

3. Results and Discussion
3.1. Model runs and evaluation

The calibrated Aquacrop model was used for the scenario of sensitivity analysis as shown in Table 3 and
simulated grain yield and biomass for each crop and location as shown in Table 4.

According to the mean data for three years for sunflower and two years for winter wheat, the average sunflower
and winter wheat yields grown under rainfed conditions were 2.20 t ha'and 4.77 t ha'!, respectively. In addition,
the average grain yields during the same growing periods in Thrace were 2.38 (8.2% more) for sunflower and 3.75
(21.4% less) t/ha for winter wheat. Simulations for the sunflower crop indicated that the average RMSE, MAE and
RE values were 0.06; 0.06 and 2.8%, respectively. The performance indicators for winter wheat were 0.1, 0.1, and
2.1%. According to these performance criteria, the model predicted the observed values very well Igbal et al. (2014)
tested the ability of the AquaCrop model (v 3.1) to simulate winter wheat grain yield and biomass, and reported
RMSE values of 0.58 and 0.87 t ha'?, respectively. Kale (2016) tested the AquaCrop model (v 5.0) for winter wheat
under fully irrigation and rainfed conditions in the semi-arid Central Anatolian region, comparing model
predictions with actual results and reported RMSE values of 1.17 and 0.32 t ha™!, respectively, for biomass and
crop yield. These data suggest very good agreement between observed and simulated values, despite the slight
overestimation by the model. Mkhabela and Bullock (2012) evaluated spring wheat yield and found RMSE and
MAE values of 0.74 and 0.61 t ha%, respectively. Similarly, estimated winter wheat grain yield by Konukcu et al.
(2020) MAE values between 0.15 and 0.31 t ha-1 and the average relative errors (RE) between 1.87% and 6.18%
at the pinarbasi watershed, by Yesilkoy and Saylan (2020) RE in the cities of Edirne and Kirklareli were 2.4%, -
1.6%, respectively.

Table 4. Statistics of the measured and simulated grain yield and biomass with the Aquacrop for sunflower
and wheat at the KRK and EOR experimental sites

Observed Simulated RMSE MAE RE

Location Plant Parameter
(t hat) (t hal) (tha?) (tha?) (%)

KRK GY 2.24 2.28 0.002 0.04 1.87

BM 14.57 15.34 0.59 0.77 5.28

GY 2.15 2.23 0.01 0.1 4.05
EOR Sunflower

BM 15.40 11.09 18.58 -4.31 -28.0

GY 2.20 2.26 0.06 0.06 2.80
Average

BM 14.99 15.34 3.10 2.54 16.6
KRK GY 4.67 4,59 0.006 -0.1 -1.63

Wi Wh BM 17.62 16.27 1.69 -1.3 -7.39

coR Inter Wheat oy 4.86 4.74 0014 -0 -2.43

BM 22.59 20.42 4.75 -2.18 -9.65
Average GY 4.77 4.67 0.10 0.10 2.10

BM 20.11 18.35 1.81 1.76 8.60

KRK: Kirklareli, EOR: Edirne-Orhaniye, BM: Biomass, GY: Grain yield, RMSE: root mean square error, MAE: mean absolute error, RE:
relative error.
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3.2. Sensitivity analysis of climate-changing on grain and biomass yields of plants

In the current study, instead of using global or regional climate scenarios, sixty-five (65) climate sensitivity
analysis scenarios created by considering the expected trend of climate change were evaluated for the effects of
single and combined variations of meteorological factors (air temperature, precipitation and solar radiation) on
selected cultivars to future climatic conditions depends firstly on logical validation according to the corresponding
variations in meteorological factors. In this context, expected changes and impacts of these factors are given in
Table 3, where the examination was done individually or in combination.

Figure 3 and 4 show sunflower grain yield (KRKsfg), sunflower biomass (KRKsfb), winter wheat grain yield
(KRKwwg) and winter wheat biomass (KRKwwb) at the KRK site, along with sunflower grain yield (EORsfg),
sunflower biomass (EORsfb), winter wheat grain yield (EORwwg), and winter wheat biomass (EORwwb) at EOR

site. Additionally, the response (sensitivity) of the model for every combination of parameters in 65 different
scenarios are detailed in Table 3.

Figure 3-A shows the changes in sunflower grain yields compared to the reference values for the sensitivity
scenarios at each site. Based on percent changes in sunflower grain yields, the highest yield loss was estimated for
the scenario S42 (T+5°C, P -50%) with decreases of 61% and 59% at the KRK and EOR sites, respectively. The

highest yield increase was observed for the scenario S6 (T -1°C) with increases of 6.8 and 7.2% at the KRK and
EOR sites, respectively.

10 -

B KRKsfg mEORsfg A

0

-10

Variation in the simulated grain yield (%)
w
o

N < < %\"J %\'\ %q,\ %qf: %,’9 %'5’5 %fx;\ %b‘\ %bﬁ %59 %5’5 %r-_,’\ %b\ %65
Climate scenarios

m KRKsfb mEORsfb B

-40

Variation in the simulated biomass yield (%)

N X DO > O N ) P P S P oD D o po o) B 5D o oo o

Climate scenarios

Figure 3. Relative deviations of simulated sunflower grain (sfg) yields (A) and sunflower biomass (sfb) yields
(B) associated with selected climate scenarios at the Kirklareli (KRK) and Edirne-Orhaniye (EOR) sites
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Single and combined scenarios of temperature increases (S1-S5) and precipitation decreases (S7-S10) were
associated with decreases in yield. The scenarios of S12 and S13, which represented increases in global solar
radiation, had a minor negative impact on the grain yield of sunflower in both sites. However, such increases were
also observed in the S6 scenario (T -1°C) as well as in the scenarios of S49 and S60 (Rg +2% and Rg +4%,
respectively).

Figure 3-B shows the changes in sunflower biomass yields by the climate change scenarios at both locations.
The highest yield loss occurred with the scenario S42 (T +5°C, P -50%) showing decreases of -63.2% and -57.5%
at the KRK and EOR sites, respectively. The highest yield increase was simulated for the scenario S6 (T -1°C)
with increases of 2.3% and 12.2% at the KRK and EOR sites, respectively. Scenarios representing only
temperature increases and precipitation decreases (S1-S5) and their combinations with other parameters (S7-S10)
(Table 3) were all associated with a decrease in biomass yield. As expected, decreases in precipitation caused
losses in the grain yield as well as in the biomass. Scenario S12 (Rg +2%) caused a minor increase of around 1.9%
in biomass at the EOR site, but this was not the case with the scenario S13 (Rg +4%), which brought about a 2%
decrease in the biomass at the same site. In the scenarios S49 and S60 [(T -1°C, Rg+2%) and (T -1°C, Rg +4%)],
slight decreases in biomass of -0.2 and -2.8, respectively, were observed at the KRK site. On the contrary, increases
in biomass of 8.3% and 5.3%, respectively, were observed at the EOR site.

Figure 4-A shows the grain yield variations of winter wheat due to climate change by considering only
temperature rise (S1-S5). Here, an increase in grain yield was noted at both sites. The scenario S5 particularly led
to the highest increases (15.9% and 19.3% for the KRK and EOR sites, respectively) in the grain yields. Similarly,
scenarios S14-S18, in which precipitation was decreased and temperature was increased gradually, the grain yield
was increased. For example, an increase of 6.8% for scenario S16 at the KRK site and 15.3% for scenario S18 at
the EOR site were observed. Additionally, scenarios S44-S48 (temperature increases with both Rg +2%) and S55-
59 (gradual temperature increases with both Rg +4%) resulted in increases in yield by up to 15.2% and 18.5% at
both sites.

In the scenario S6, a decrease in temperature by as little as a 1°C caused 7.1% and 6.2% decrease in grain yield
at the KRK and EOR sites, respectively. Likewise, decreases in precipitation had a significant negative effect on
the grain yield of winter wheat, represented by 40.4% and 15.2% losses in the scenario S11 at the KRK and EOR
sites, respectively. Evaluation of the possible effects of global solar radiation scenarios (S12 and S13) showed that
both Rg +2% and Rg +4% had positive impacts on grain yield. In addition, their combinations with extreme
increases in air temperature and decrease in precipitation (scenarios S38-S43) showed the most dramatic decrease
in the grain yield of wheat.

Figure 4-B shows the biomass sensitivities of winter wheat grown at both sites. As observed with grain yield,
the biomass values also tended to be affected positively by temperature increments. Moreover, there was a positive
effect of extending the optimum growing period due to increased mean temperatures. Thus, the scenario S5, which
simulated such conditions, was associated with the highest biomass increments of 10.5% and 22.0% at the KRK
and EOR sites, respectively. A 1°C drop in temperature (scenario S6) decreased the biomass yield by 2.9% and
6.8% at KRK and EOR, respectively. Similarly, all scenarios representing decreases in precipitation resulted in a
reduction in the biomass, as expected. In particular, the scenario S43 (T -1 °C and P -50%) resulted in biomass
losses of 53.8% and 18.4% at the KRK and EOR sites, respectively.

Contrary to the results of the winter wheat model used in this study, in both models used in Caldag et al. (2017),
losses in both grain and biomass yields were determined due to temperature increases for the selected year at the
KRK station. Decreases in biomass and grain yields were determined when rainfall decreased, and increases in
yields were determined when solar radiation values increased, and these results are similar to the results of my
study. Eitzinger et al. (2013) stated that the grain yield and biomass of winter wheat showed an increase with
increasing temperatures. Our data revealed that it is of pivotal importance to determine which meteorological
parameters are more sensitive to the yield during the development period of the modelled plant. Calculations for
the sensitivity analysis helped us to understand how plants primarily reacted to climate change. In this connection,
temperature, precipitation, and global solar radiation come to the fore as the most important variables affecting
plant phenological stages and yield.
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Figure 4. Relative deviations of simulated winter wheat grain (wwg) yields (A) and winter wheat biomass
(wwhb) yields (B) associated with selected climate scenarios at the Kirklareli (KRK) and Edirne-Orhaniye
(EOR) sites.

As mentioned earlier, a series of sensitivity analyses was performed on the grain and biomass yields of two
plants at the KRR and EOR sites under different climate conditions and soil structure. Since the KRK and EOR
sites had very similar mean values of climatic factors, the changes in the grain yields were not different. However,
temporal changes in the meteorological factors during the developmental stages of plants showed differences. The
yield at the EOR field was higher than that at the KRK site. The reason for this may be a difference in the soil
structure as well as the hydraulic properties of the soil, along with the time frame of meteorological factors during
the development period in the EOR. As emphasized by Eitzinger et al. (2013), the yield of winter wheat is highly
sensitive to differences in soil properties.

The variability of the model results in summer (sunflower) and winter (wheat) planted plants, in soils with
different water retention capacities, in response to possible future scenarios of changes in two spatial areas was
evaluated. The correlation results are shown between the defined single and combined scenarios of temperature,
precipitation and global solar radiation and biomass and grain yield of two crops (winter wheat and sunflower) at
spatial areas (KRK and EOR) in Figure 5 and Figure 6.
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Figure 5. Correlation between biomass and grain yields of sunflower at the Kirklareli (KRK) and Edirne-
Orhaniye (EOR) sites

Under the defined sixty-five (65) scenarios results, statistically significant relationships were found between
sunflower biomass and grain yield for the KRK (r? = 0.88) and EOR (r? = 0.87) sites (Figure 5). However, weaker
relationships were identified between the winter wheat biomass and grain yield at the KRK (r> = 0.56) and EOR
(r> = 0.79) sites (Figure 6). According to the simulation results of the defined single and combined scenarios in
both spatial areas, while the grain and biomass yields of the summer-sunflower plant were negative linear relations
every scenario, non-linear relations were determined in the yields of the winter-wheat plant.

30

EORww,, = 0.3918x + 8.6895
20 R2=0.5619 ®

EORww, = 0.5739x + 5.8034
R>=0.7951
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Figure 6. Correlation between biomass and grain yields of winter wheat at the Kirklareli (KRK) and Edirne-
Orhaniye (EOR) sites.

4. Conclusion

This study has been analyzed the results of sensitivity analysis for the grain and biomass yields of the winter
wheat and summer-sunflower in both locations using the AquaCrop model. With the highest yield loss and the
highest yield gains for the sunflower grain and biomass yields were determined in the same scenarios (in the
scenario S42 (T +5°C, P -50%) and S6 (T -1°C)) at both locations. The highest grain and biomass yield decreases
were determined at -61.6, -63.2, -59.4, and -57.5% in the scenario S42 where precipitation decreased by 50% and
temperature increased by 5°C in the KRK and the EOR sites, respectively. Loss of sunflower grain and biomass
yields and increase in grain and biomass yields at the EOR site gave more positive results than the KRK site. The
highest yield losses and the highest yield gains of winter wheat were determined in the same scenarios of S42 and
S5 at both locations, with one exception that the biomass yield loss took place in the scenario S43 in EOR site.
Although, the highest decreases in the grain and biomass yields were -64.4, -43.1, and -59.54%, for KRKwwg,
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KRKwwhb and EORwwg in the scenario S42 where precipitation decreased by 50% and temperature increased by
5°C. The highest decrease in the biomass yield was -18.4% for EORwwb in the scenario S43 where there were
decreases in both precipitation (P -50%) and temperature (T -1°C).

The winter wheat showed different rates of responds to climatic changes. Unlike the sunflower most of the
scenarios had positive impacts on the grain and biomass yields of winter wheat in the two experimental sites.

According to climate scenarios analysis, increases in both temperature and global radiation along with
decreases in precipitation had a negative impact on grain yield and biomass of sunflowers. This, however, was not
the case for the winter wheat, suggesting that the grain yield and biomass of sunflowers could be more sensitive
to heat and precipitation stress under defined climatic cases at the selected locations. Although an increase in
average temperatures was associated with increases in wheat yield and biomass, the combined effects of increased
global solar radiation and decreased temperatures had negative effects on wheat production at the EOR site. For
both sunflower and wheat, the combined scenarios of temperature increase to varying extents and decreases in
precipitation during each growing season at each location had the most detrimental effect on yield and biomass
production. These results may provide important information to decision makers, especially in order to focus on
winter-planted oil crops such as Canola oil plant instead of summer-grown oil crops in the region.

Instead of using global or regional climate scenarios, local agrometeorological measurement on the plant by
considering the expected trend of climate change should have evaluated for the effects of single and combined
variations of meteorological factors on plant grain and biomass yields. The results obtained from this study can
offer valuable insights for adaptation to the risks of the effects of climatic fluctuations biomass and grain yield for
two plant that can result precise indicators of the context of climate change. Moreover, the results of crop growth
models couldn’t give same prediction in the same locations, so they should be supported by field studies to get
better evaluations.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Epibrassinolide Uygulamasinin Soyanin Verim Performansina Etkileri*

The Effects of Epibrassinolide Application on the Yield Performance of Soybean

Aykut SENERY, Muharrem KAYA?, Sedat KICIR?

Oz

Bu arastirma, farkli dozlarda epibrassinolide (EBR) uygulamalarinin soyanin verim ve bazi verim dgeleri iizerine
etkilerini belirlemek amacryla kurulmustur. Tarla denemeleri Isparta ilinde yer alan Isparta Uygulamali Bilimler
Universitesi (ISUBU), Ziraat Fakiiltesi Egitim, Arastirma ve Uygulama Ciftligi arazisinde 2022-2023 yillarinda
iki yil siire ile yiritilmistir. Calismada, PG Victoria soya ¢esidi tohum materyali olarak kullanilmistir.
Yapraklardan hormon uygulamasi i¢in ise Biosynth Carbosynth firmasina ait epibrassinolide (C2sHgOs) bitki
biliylime diizenleyicisi kullanilmigtir. Deneme tesadiif bloklari deneme desenine gore 3 tekrarlamali olarak
kurulmustur. Cigeklenme dncesi donemde bitkilere saf su ve EBR’nin 3 dozu (0.5, 1.0 ve 1.5 uM EBR) yapraktan
piilverize edilerek uygulanmustir. Arastirmada; soyanin %50 c¢iceklenme giin sayisi, bitki boyu, ilk bakla
yiiksekligi, bitkide bakla sayisi, bitkide tane sayisi, bitkide tane agirligi, hasat indeksi, yiiz tane agirlig, tane verimi
ve yag orani dzellikleri incelenmistir. Farkli dozlarda EBR uygulanan soyanin; ¢igeklenme siiresi 56.0-59.7 giin,
bitki boyu 67.13-102.43 cm, ilk bakla yiiksekligi 10.23-14.03 cm, bitkide bakla sayis1 16.80-80.30, bitkide tane
say1st 42.73-193.53, bitkide tane agirligi 4.85-22.79 g, hasat indeksi %24.66-31.28, yiiz tane agirligi 11.00-13.00
g, tane verimi 270.16-566.67 kg da? ve yag orami % 20.56-21.49 arasinda degisim gostermistir. Sonuglar
incelendiginde; yillar arasindaki iklimsel farkliliklardan kaynakli genis varyasyonlar oldugu belirlenmistir.
Calisma sonucunda 0.5 uM EBR uygulamasinin gigeklenme siiresini kisalttigi, bitki boyunu, bitkide bakla sayisini,
bitkide tane sayisini, bitkide tane agirh@mi ve tane verimini arttirdign belirlenmistir. Bu dozun tizerindeki
uygulamalarin ise verim Ogelerini olumsuz yonde etkiledigi saptanmistir. EBR’nin soyanin yiiz tane agirligi
tizerine etkisi yillara gére degisim géstermistir. Yag orani ise 0.1 uM EBR dozunda arttig1 tespit edilmistir.
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Abstract

This research was conducted to determine the effects of different doses of epibrassinolide (EBR) applications on
the yield and some yield components of soybeans. Field experiments were carried out for two years (2022-2023)
at the Isparta University of Applied Sciences (ISUBU), Faculty of Agriculture, Research and Application Farm,
located in Isparta province, Turkey. In the study, seeds of the PG Victoria soybean variety were used as the material.
For the hormone application from leaves, epibrassinolide (CzsH4sOs), a plant growth regulator from the Biosynth
Carbosynth company, was used. The experiment was established with three replications according to a randomized
complete block design. Before flowering, plants were subjected to foliar application of distilled water (control)
and three doses of EBR (0.5, 1.0, and 1.5 uM EBR). In the study, 50% flowering time, plant height, first pod
height, number of pods per plant, number of grains per plant, grain weight per plant, harvest index, hundred-grain
weight, grain yield, and oil content characteristics of soybeans were examined. In soybeans treated with different
doses of EBR, flowering period ranging from 56.0 to 59.7 days, plant height from 67.13 to 102.43 cm, first pod
height from 10.23 to 14.03 cm, pods per plant from 16.80 to 80.30, grain number per plant from 42.73 to 193.53,
grain weight per plant from 4.85 to 22.79 g, harvest index from %24.66 to %31.28, hundred grain weight from
11.00 to 13.00 g, grain yield from 270.16 to 566.67 kg da™, and oil content from %20.56 to %21.49. When the
results were examined, it was determined that there were wide variations in yield characteristics due to climatic
differences appeared between experimental years. The results of the study indicated that the application of 0.5 uM
EBR shortened the flowering period and increased plant height, pod number per plant, grain number per plant,
grain weight per plant, and grain yield. However, applications above this dose were found to adversely affect yield
components. The effect of EBR on the hundred-grain weight of soybeans varied over the years. The oil content,
on the other hand, was found to increase at a dose of 0.1 uM EBR.

Keywords: Soybean, Epibrassinolide, Hormone treatment, Seed yield, Glycine max L.
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1. Giris

Soya (Glycine max. (L) Merr.) baklagiller familyasina dahil, Uzakdogu orijinli, 6nemli bir yag ve protein
bitkisidir. Soya tohumlar1 %26 karbonhidrat, %36-40 protein, %18-24 yag ve %18 mineral maddeler igermektedir.
Icerdigi besinler nedeniyle yiizy1lin mucize bitkisi olarak anilmaktadir (Arioglu, 2007). Soya gecmisten giiniimiize
kadar agirlikli olarak yag elde etmek i¢in kullanilmis, ancak ileri teknoloji uygulamalarinin gelismesiyle yiiksek
ve kaliteli protein igerigine bagli olarak protein kaynagi olarak da kullanilmaya baslanmistir. Bu nedenle soya artik
protein bitkisi olarak tanimlanmaktadir. Cok degerli bir proteine sahip olan soyanin kullanilma alanlari artmustir.
Nitekim, soya tohumlarindan; kuru soya fasulyesi, soya unu, soya yag1, soya kiispesi, soya siitil, soya ezmesi ve
soya eti iretilebilmektedir. Soyanin taze yesil fasulyeleri haslanarak, ¢ig veya konserve olarak yenilebilmekte,
bunun yaninda yesil aksamlar1 ve taneleri hayvan yemi olarak kullanilmaktadir.

Tiirkiye'de sulu tarim yapilan bolgelerde soya iiretimi ana iiriin (Marmara, Trakya, Karadeniz ve Akdeniz
Bolgeleri) ya da II. Uriin (Giineydogu Anadolu, Ege ve Akdeniz Bélgeleri) tarimi seklinde yapilmaktadir. Soya
tiretiminin %91'i Adana, Hatay, Mersin, Osmaniye ve Kahramanmaras' iceren Akdeniz bolgesinde, %8'i
Karadeniz Bélgesi'nde Samsun ve Ordu civarinda, %1' ise Ege Bolgesinde yapilmaktadir (TUIK, 2010). 2022
yilinda 380.090 da'lik bir alanda 155.000 ton soya iiretilmistir (TUIK, 2023). 2019-2020 déneminde Tiirkiye’de
soyada kendine yeterlilik derecesi %4.7 iken, 2020-2021 yillarinda bu oran %5.4’e yiikselmistir. Ayn1 yillarda
Tiirkiye’nin soyada kisi bas1 tiiketim miktar1 0.2 kg olmustur (TUIK, 2022). Tiirkiye’nin yagh tohumlu bitkilerde
kendine yeterlilik derecesi ortalamasinin %49 oldugu ve kalan yarisinin ithalat ile karsilanabilecegi bildirilmistir
(Kadakoglu ve ark., 2023). 2021-2022 sezonunda 2.95 milyon ton soya ithalat1 gerceklesmistir (TUIK, 2022).
Buna bagli olarak, Tiirkiye soya liretiminin arttirilmasi gerekmektedir. Bu amagla {iretimi daha ¢ok 2. iiriin tarim1
seklinde Akdeniz Bolgesi’nde yogunlagmis olan soya ekim alanlarinin i¢ bolgelere de kaydirilmasi gerekmektedir.
Bu bolgelerde soya tariminin yayginlagmasi ig¢in bolge ekolojisine uygun gesit kullanmanin yaninda farkli
agronomik uygulamalar yapilarak soyadan yiiksek verim alabilmek miimkiindiir.

Soyada en 6nemli verim bilesenleri; bakla basina tane sayisi, bitkideki bakla sayisi, tek bitki tane verimi ve bin
tohum agirligidir (Schuster, 1985). Yagl tohumlu bitkilerde bitki basina tane sayisi genotip, ¢evre ve yetistirme
kosullarina olduk¢a baglidir. Soya iizerinde yapilan bir ¢alismada, déllenme doneminde strese bagl verim
diisiisliniin baslica sebebi olarak bitki basina diisen dal sayisi oldugu vurgulanmistir (Dagtekin ve Bilgili, 2020).
Ozellikle cigeklenme ve bakla olum déneminde yasanan kurakligin (su kisit) cigeklenme oranim diisiirdiigii,
bitkide bakla sayisinin azalmasina neden oldugu belirtilmistir (He ve ark., 2017). Bitkinin gelisme asamasinda
soyadaki c¢iceklerin bir kisminin, (¢igeklerin %70-85'ine kadar artabilir) aniden dokiilerek Onemli verim
kayiplaria neden oldugu bildirilmistir. Bitkide ¢i¢ek, bakla ve tane dokiimii, verimi sinirlayici ana faktdrlerden
biri olarak tanimlanmistir (Ruan ve ark., 2012). Heniiz bitkilerin ¢igek dokme fizyolojisi tam olarak anlasilmig
degildir. Cigek dokmenin ¢evresel stresle artmakta oldugu, ancak normal kosullarda da olabilecegi belirtilmektedir.
Bazi tarimsal uygulamalarin ¢igek silkme miktarini azaltabilecegi ve verimin artirilmasinda etkili olacagi
vurgulanmigtir (Dagtekin ve Bilgili, 2020). Bu nedenle soyada verimin arttirilabilmesi igin ekolojik kosullardaki
degisimlerin yani sira yetistirme teknigine (tarimsal girdiler ve bakim iglemleri) dikkat edilmesi gerekmektedir.
Son yillarda bitkilerin farkli gelisme donemlerinde farkli bitki organlarina fitohormon uygulamalar: konusunda
caligmalar yogunluk kazanmaya baslamistir. Yakin zamana kadar, bes hormon grubunun (gibberellinler, oksin,
sitokininler, absisik asit ve etilen) bitki bilyiimesini ve gelisimini diizenledigi diisiiniilmekteydi. Ancak son yillarda
yapilan arastirmalar, bitki hormonlarinin altinci grubu olarak brassinosteroidlerin (BR) bitki yetistirmede
degerlendirilmesine yol agmistir (Ceritoglu ve Erman, 2020).

Yeni bir bitkisel hormon sinifi olan brassinosteroidler, bitkilerde yaygin olarak bulunan spesifik bir bitki
steroidleri grubudur. Cok diisiik konsantrasyonlarda bile BR, bitkilerde hiicre boliinmesi, uzama ve genisleme,
fotomorfogenez, lireme organi gelisimi, yaprak yaslanmasi, toplam biyokiitle, polen tiipii gelisimi, apikal
hakimiyetin siirdiiriilmesi ile artan ¢igeklenme ve verim dahil olmak iizere bir¢ok énemli fonksiyonlara sahiptir.
Bitki biliylime ve gelismesindeki roliiniin ¢evresel strese uyum durumunda da etkili oldugu kanitlanmistir.
Brassinosteroidler hiicresel diizeyde; uzama ve boliinmeyi destekler, hormonal dengeyi korur, protein ve niikleik
asit sentezini aktive eder, enzimatik aktiviteyi arttirir ve H* pompa aktivitesini, membran kompozisyonunu ve
doygunlugu diizenlerler. Yag asidi kompozisyonuna etki etmekte, fotosentetik kapasiteyi arttirmakta ve {iriinlerin
hareketinde etkili olmaktadir. Tiim bitki diizeyinde, biiylimeyi tesvik etmekte, d6llenmeyi artirmakta, vejetatif
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gelisme siiresini kisaltmakta, meyve kalitesini ve boyutunu artirmakta, besin igerigine etki etmekte, uygun
olmayan cevresel faktorlere, strese ve hastaliga karst direnci ve iriinlerin verimliligini artirmaktadir (Surgun ve
ark., 2012). Brassinosteroidler, bitki metabolizmasini ve bilyiimesini diizenleyen diger bitki hormonlart ile sinerjik
olarak hareket etmektedir. Ornegin; BR'ler oksinler, sitokininler, gibberellinler, absisik asit (ABA), etilen (ET),
salisilik asit (SA) ve jasmonik asit (JA) ile etkilesime girerek bitki bilylimesine ve metabolizmasina katkida
bulunmaktadir. BR'lerden biri olan 24-Epibrassinolide’in bitkilerde sicaklik ve tuzluluk toleransii arttirdig
diistiniilmektedir (Divi ve ark., 2010).

Brassinosteroidler vejetatif gelisim asamasinda (Vardhini ve Rao, 1998), ciceklenme asamasinda (Vardhini,
2012; 2013), tane dolum asamasinda (Vardhini, 2012), tozlasma asamasinda (Liu ve ark., 2007), ekim Oncesi
tohumlara (Zhang ve ark.,, 2007) ve kok bolgesine (Shang ve ark., 2006; Song ve ark., 2006)
uygulanabilmektedirler (Altas, 2016). Soya {izerinde yapilan bir ¢aligmada, bitki yapraklarina brassinosteroid
uygulanmasi yaprak seker ve prolin diizeylerini artirirken, artan POD (peroksidaz) ve SOD (siiperoksit dismutaz)
aktivitesi yaprak MDA (malondialdehit) diizeylerini diigiirerek verimi artirmigtir. Caligmalar, brassinosteroidlerin
bitkilerde sadece kuraklik ve tuzluluk gibi abiyotik streslere karsi degil, ayni1 zamanda pestisitler, sicaklik
degisiklikleri ve agir metaller gibi diger stres faktorlerine karsi da koruyucu bir rol oynadigimi gostermektedir
(Vardhini ve Anjum, 2015). Ayrica EBR'nin soya tohum verimini dogrudan etkileyen verim faktorlerinde
iyilestirmelere yol agtig1i vurgulanmistir (Zurek ve Clouse, 1994; Terakado ve ark., 2005; Pereria ve ark., 2019;
Yin ve ark., 2019; Soliman ve ark., 2020; Jiang ve ark., 2020; Cheng ve ark., 2021).

Bu ¢alismada, Isparta ekolojik kosullarinda yetistirilen soyanin ¢igeklenme dncesi doneminde uygulanan farkl
dozlardaki brassinosteroid'in verim ve verim bilesenlerine etkisinin belirlenmesi amaglanmustir.

2. Materyal ve Metot

Bu arastirmada, tarla denemeleri Isparta ilinde yer alan Isparta Uygulamali Bilimler Universitesi (ISUBU),
Ziraat Fakiiltesi Egitim, Arastirma ve Uygulama Ciftligi arazisinde 2022-2023 yillarinda yiiriitiilmistiir. Isparta
ili, Goller yoresi olarak adlandirilan bolgede yer almakta olup, yore Akdeniz ve karasal iklimler aras1 gegit kusagi
iklim 6zelligindedir. Denemenin yiiriitildigii lokasyon 37.50 kuzey 30.32 dogu koordinatlarindadir. Arazinin
deniz seviyesinden yiiksekligi 1008 metredir. Arastirmada bitki materyali olarak PG Victoria soya ¢esidi
kullanilmistir. PG Victoria; I1. {iriin ekilislerinde de verim potansiyeli yiiksek, olum grubu 3.2 olan bir soya ¢esididir.
Yapraklardan hormon uygulamasinda ise bitki biiylime diizenleyicisi olarak Biosynth Carbosynth firmasindan temin
edilen ve saf halde bulunan epibrassinolide (CosH2g0s) kullanilmistir. Arastirmada epibrassinolide’in 3 farkli dozu
bitkilere yapraktan uygulama seklinde ¢iceklenmeden onceki donemde (gikislardan itibaren bitkiler 4-5 haftalik
periyotta) yapilmistir.

Ekim iglemi 1. y1l 13 Mayis 2022 ve 2. yil ise 17 Mayis 2023 tarihlerinde elle yapilmistir. Ekimin hemen 6ncesinde
denemenin kurulacagi parsellere dekara 17 kg hesabiyla 12-12-17 kompoze giibresiyle temel giibreleme yapilmugtir.
Tarla denemeleri, 2x4 m (toplam 8 m?) ebatlarindaki parsellere, 50 cm sira aras1 ve her parsel 4 sira olacak sekilde
kurulmustur. Denemede parsel aras1 1 m ve blok arasi 2 m olacak sekilde ayarlanmistir. Tiim parsellerde tarla ¢ikislar
tamamlandiktan sonra bitki siralarinda capa ile seyreltme yapilarak, sira {izeri mesafeler 3 cm olarak ayarlanmuistir.
Denemede; her blokta kontrol (hi¢bir uygulama yapilmamis) ve saf su (sadece saf su piilverize edilmis) uygulamalari
dahil edildiginde brassinosterodin 3 dozu (0.5, 1.0 ve 1.5 uM EBR) ile birlikte 5 uygulama parseli ve bunlarin ii¢
tekerriirinden olusan toplamda 15 parsel yer almigtir. Calisgmada EBR ¢ozeltilerini hazirlamak igin; 0.025 g
epibrassinolide tartilms, {izerine ¢6ziinmesini saglamak i¢in 25 ml %70’lik etil alkol eklenerek iyice karigtirilmus,
¢oziinen epibrassinolid iizerine distile su eklenerek 200 ml’ye tamamlanmistir. Hazirlanan stok epibrassinolid
¢ozeltisinden 3 farkli doz (0.5, 1 ve 1.5 uM) hazirlamak i¢in sirastyla 1.92 ml, 3.85 ml ve 5.77 ml alinarak 1’er litreye
tamamlanmustir (Kicir, 2023). Hazirlanan bu ¢ozeltiler parsellere 30 | da? hesabiyla sarjli-motorlu sirt piilverizatdrii
ile piilverize edilerek uygulanmistir. Deneme 3 tekerriirden olusacak sekilde tesadiif bloklar1 deneme desenine gore
kurulmustur. Ekimden hemen sonra “pendimethalin” etken maddeli ¢ikis dncesi herbisit 300 ml/da dozunda parsellere
uygulanmistir. Ekimden sonra ¢ikist saglamak i¢in yagmurlama sulama ydntemiyle parseller sulanmistir. Diger
sulamalar yetistirme periyodu boyunca iklim sartlarina bagl olarak 8 kere (her sulama 3 saat siireyle yapilmustir) damla
sulama yontemiyle ger¢eklestirilmistir. Denemede %50 ¢igeklenme giin sayisi, ekim tarihinden itibaren parsellerdeki
bitkilerin % 50’sinin ¢igeklendigi tarihe kadar gegen siire giin olarak belirlenmistir. Calismada ele alinan diger
morfolojik/agronomik 6zelliklerin (ilk bakla yiiksekligi, bitkide bakla sayisi, bitkide tane sayisi, bitkide tane agirligi, hasat
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indeksi, yiiz tane agirligi, tane verimi ve yag orani) belirlenmesi Kicir (2023)’te belirtilen yontemlere gére yapilmustir.

2.1. Deneme yerinin iklim ve toprak ozellikleri

Denemenin yiiriitiildiigii arazinin toprak dzellikleri killi-tmli, pH 7.66, kireg (%28.7) ve potasyum (772.2 mg kg™)
bakimmdan zengin, organik madde (%1.54) ve fosfor (23.5 mg kg?!) bakimmdan fakirdir. Tarla denemelerinin
kuruldugu lokasyona ait iklim verileri ise Tablo 1’de gosterilmistir.

Tablo 1. Denemenin yiiriitiildiigii yillar ile uzun donem iklim verileri

Table 1. The years during which the experiment was conducted and the long-term climatic data

Ikhm,_ . Yillar Mart Nisan Mayis Haziran Temmuz Agustos Eyliill Ekim Ort./Top
F aktorleri
Ortalama 2022 3.2 146 17.3 215 25.3 25.3 21.2 159 18.0
Mk CC 2023 91 108 155 20.1 25.8 273 217 167 184
Sicaklk (C) 19590022 60 108 155 19.9 23.4 233 189 134 164
2022 78.3 174 129 46.1 0.8 18.4 16.3 94 199.6
Yagis (mm) 2023 73.8 699 111.0 47.3 8.0 3.1 29.1 9.7 351,9

1929-2022 589 512 559 35.6 15.6 142 184 378 2876

Meteoroloji Istasyonu iklim verileri

3. Bulgular ve Tartisma

Aragtirmada incelenen 6zelliklerde varyans analizleri yapilmistir. Buna gore ilk bakla yiiksekligi, bitkide bakla
say1si, bitkide tane sayisi, bitkide tane agirligi, hasat indeksi, yiiz tane agirligi, tane verimi ve yag orani
6zelliklerinde y1l x uygulama interaksiyonu P<0.01 diizeyinde; %50 ¢igeklenme giin sayisi 6zelliginde ise yil x
uygulama interaksiyonu P<0.05 diizeyinde istatistiki olarak énemli bulunmustur (Tablo 2, 3 ve 4).

Tablo 2. Farkli dozlarda EBR uygulanan soyada %50 ciceklenme giin sayisi, bitki boyu, ilk bakla yiiksekligi
ve bitkide bakla sayisina ait ortalamalar

Table 2. Averages for soybean subjected to different doses of EBR in terms of 50% flowering time, plant height,
first pod height, and number of pods per plant

9 icekl i o i1k bakla yiiksekligi
7650 igeklenme giin sayisi Bitki boyu (cm) bakla yiiksekligi (cm) Bitkide bakla sayisi1 (adet)

(giin)
Uygulama 1.y  2.y1l Ort. 1.yl 2.1l Ort. 1.yl 2.1l Ort. Iyl 2.yl Ort.
Kontrol 59.7a 56.0b 57.8 97.27b 70.13ab 83.70B 11.03b 13.90a 1247 A 5453c 20.00b 37.27D
Safsu 58.7ab 56.7b 57.7 96.63b 67.67c 82.15B 10.23b 14.03a 12.13AB 70.40b 16.80c 43.60B
0.5uM 57.7ab 56.0b 56.8 10243a 71.17a 86.80 A 1043b 1243b 11.43B 80.30a 32.73a 56.52 A
1.0 uM 58.3ab 58.3 ab 58.3 88.27¢c 67.13c 77.70C 12.63a 12.17b 1240A 50.47d 31.80a 41.13C
1.5uM  56.7b 59.7a 58.2 85.37d 68.27bc 76.82C 12.17a 10.83c 11.50B 48.80d 33.67a 41.23BC
Ort. 58.20 57.33 - 93.99 A 68.87B - 1130B 1267 A - 60.90 A 27.00 B -
CV(a) %2.7 %1.83 %6.7 %2.58
CV(b) %2.46 %1.73 %3.94 %2.9
Yil (A): 2.315 ns Y1l (A): 2130.846 ** Y1l (A): 21.919 * Y1l (A): 6728.396 **
F Degeri Uygulama (B): 1.012 ns Uygulama (B): 52.680 **  Uygulama (B): 6.491 **  Uygulama (B): 201.543 **
AxB: 4716 * AxB: 25.856 ** AxB: 32.302 ** AxB: 267.964 **

ns = Onemsiz. *: Onemli (P<0.05). **: Onemli (P<0.01)
*: Aymi siitunda ayni harfle gésterilen ortalamalar arasindaki fark istatistiksel olarak énemsizdir.

Yillara gore degismekle birlikte %50 ¢iceklenme giin sayisinda uygulamalar arasinda farkliliklar 6nemli
bulunmustur. Denemenin birinci yilinda en geg gigeklenme kontrol parsellerinde belirlenmis, saf su ve EBR dozlar1
ciceklenme siiresinin azalmasina neden olmakla birlikte, safsu, 0.5 uM ve 1.0 pM EBR dozu uygulamalarindan
elde edilen ortalamalar kontrol parsellerine benzer olup, ayni grupta yer almistir. En erken ¢igeklenme giin sayisi
ise 1.5 uM EBR uygulamasinda gézlenmis olup, ¢igeklenme siiresi kontrol grubuna gore istatistiki yonden 6nemli
diizeyde kisalmustir. Tkinci yilinda ise birinci y1lin tersinel.5 pM EBR ¢i¢eklenme siiresini uzatmustir. Safsu, 0.5
pM ve 1.0 uM EBR uygulamalar1 kontrol parselleri ile benzer sonuglar vermis olup, istatistiki yonden ayn1 grupta
yer almislardir. Iki y1lin ortalamasi bakimindan en erken gigeklenme giin sayis1 0.5 uM EBR uygulamasinda, en
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gec ciceklenmeler ise 1.0 uM ve 1.5 pM EBR uygulamalarinda belirlenmistir (Tablo 2). Yillara gére EBR
uygulamalari arasinda farkliliklar saptanmistir. Bunun nedeni olarak deneme yillari arasindaki iklimsel degigimler
oldugu sdylenebilir. Ayrica EBR bitkilerin ¢igek gibi kisimlarinda da sentezlenebilmektedir (Ankudo, 2004).
Brassinosteroidin sinyal transdiiksiyonu ve biyosentezi arasinda bir baglant1 bulunmakta olup, bu baglantinin
cigeklenmenin baglamasmi kontrol ettigi bildirilmistir. (Clouse, 2008). iklimsel farklihgm yaninda EBR
uygulamasi ¢iceklenmeyi etkilemistir. Soyada ¢igeklenme giin sayilari; kullanilan gesitlere, iklim ve gevre
sartlarina, genotip x gevre interaksiyonuna ve yetistirme teknigi paketine gore degisebilmektedir (Uncu ve Arioglu,
2005; Erbil, 2020). Soya ile yiiriitillen diger ¢calismalarda ¢igeklenme giin sayilar1 Samsun’da 44.3-52.8 giin
(Erdogmus, 2007), Tokat’da 61-76 giin (Sarioglan, 2019), Diyarbakir’da 32-56 giin (Barig ve ark., 2020) ve
Sanlmurfa’da 37.7-42.7 giin (Erbil, 2020) arasinda degisen degerler almistir.

Bitki boyu, soyada verime dogrudan etki eden 6nemli karakterlerden birisi olup, ¢esitlerin genetik yapisina,
yetistirilen g¢evreye, genotip x g¢evre interaksiyonu ve yetistiricilikte kullanilan girdiler ve uygulamalardan
etkilenmektedir (Ertas, 2017; Altiyiiziik ve Oztiirk, 2023). Soyaya farkl1 dozlarda EBR uygulanan bu ¢alismada,
bitki boyu ortalamalar1 76.82-86.80 cm arasinda degisim gostermistir (Tablo 2). Her iki deneme yilinda da kontrol
ve safsu uygulamalarina gore 0.5 uM EBR uygulamasi bitki boyunu 6nemli diizeyde arttirmis olup, en yiiksek
degerler elde edilmistir. Ikinci y11 0.5 pM EBR dozunda daha yiiksek ortalamalar belirlenmekle birlikte kontrol
parselleri ile ayni istatistik grupta yer almislardir. 0.5 pM dozundan daha yiiksek EBR dozlarinda ise bitki boyu
kisalmig ve en diislik bitki boyu ortalamalar1 1.5 uM EBR uygulamasinda 6l¢iilmiistiir. Brassinosteroidler hiicre
biiylimesini ve boliinmesini tesvik etmektedir (Surgun ve ark., 2012). Bu biiylimeyi tesvik edici etkiler hiicre
uzamast ve boliinmesinin hizlanmasi ile gergeklesmektedir. Fasulye iizerine yapilan bir arastirmada, kesilen
bogum aralar1 belirli siirelerde farkli dozlarda brassinosteroid icine batirilmis ve uygulamalarin diisiik dozlarda
biiyiimeyi tesvik ettigi belirlenmistir (Strnad ve Kohout, 2003; Siga, ve ark., 2007). EBR’in diisiik dozu (0.5 pM)
kontrol ve safsu uygulamasina gore soyada bitki boyunun uzamasini tesvik etmistir. Daha yiiksek dozlarda ise
bitki boyu yoniinden EBR olumsuz yonde etkili olmustur.

Soyada ilk bakla yiiksekligi bakimindan EBR uygulamalar1 arasindaki farkliliklar istatistiki yonden 6nemli
(P<0.01) bulunmustur. ilk bakla yiiksekligi ortalamalar1 iki y1llik degerlere gore 11.43-12.47 cm arasinda degerler
almistir. Birinci deneme yilinda 1.0 ve 1.5 uM EBR dozlan (sirasiyla 12.63 ve 12.17 c¢m) soyada ilk bakla
yiiksekliginin dnemli diizeyde artmasina neden olmus, bu iki uygulama iist ve ayn1 grupta yer almistir. Kontrol,
safsu ve 0.5 uM EBR uygulamalarinda ise daha diisiik degerler elde edilmis ve bu uygulamalardan elde edilen
ortalamalar istatistiki olarak ayni grupta degerlendirilmislerdir. 2023 yilinda ise en yiiksek ortalamalar kontrol ve
safsu uygulanan parsellerden elde edilmistir. Ikinci yilda EBR uygulamalari ilk bakla yiiksekliginin dnemli
diizeyde azalmasina neden olmustur. iki y1llik ortalamalara gore en yiiksek degerler kontrol, safsu ve 1 uM EBR
uygulamalarindan elde edilmistir (Tablo 2) Elde edilen verilere gore ilk bakla yiiksekligi bakimindan EBR
uygulamalarinin etkilerinin yillara gore degiskenlik gosterdigi sdylenebilir. Yapilan ¢alismalarda soyada ilk bakla
yiiksekliginin 1.8-40.3 cm arasinda degistigi bildirilmistir (Acar, 2015; Karabulut, 2018; Yildirim ve Ilker, 2018;
Ertas, 2017; Bar1s ve ark., 2020; Yigit ve ark., 2021). [k bakla yliksekligi makineli hasat igin 6nemli bir 6zelliktir.
Bitkilerin genetik 6zelliklerine bagl olarak ilk bakla yiiksekligi degisim gdstermektedir. Genotipik 6zelliklere ek
olarak ekim siklig1, ekim zamani, fotoperiyod ve toplam sicaklik gibi ekolojik etkenler de ilk bakla yiiksekligini
etkilemektedir (Altinyiiziik ve Oztiirk, 2023). Denemenin birinci ve ikinci yilinda ilk bakla yiikseklikleri
farkliliklar gdstermistir. Birinci yil ilk bakla yiliksekligi ortalamasi 12.67 cm, ikinci yil ise 11.30 cm olarak
belirlenmistir. Sonuglara gore ilk bakla yiiksekligi tizerine iklim sartlarinin etkisinin 6nemli oldugu
degerlendirilmistir. Yapilan ¢caligmalarda da soya genotiplerinin ilk bakla yiiksekliginin yillara ve lokasyona gore

degistigi bildirilmektedir (Tugay ve Atikyilmaz, 2009; Kulan ve ark., 2017).

Bitkide bakla sayis1 yillar ve uygulamalara gore genis bir varyasyon gostermistir. Birinci deneme yil1
ortalamast 60.90 adet iken, ikinci y1l ortalamas1 27.00 adet olarak hesaplanmistir. ikinci y1l bakla sayismin diisiik
olmasinin nedeni, ¢iceklenme dénemine kadar giinliik hava sicaklig1 degerlerinin uzun yillar ortalamasina yakin
seyretmesi ancak parsellerin ¢iceklenme zamaninda ise uzun yillar bolge ortalamasina gore ¢ok yiiksek giinliik
sicaklik derecelerinin goriilmesine bagli olarak meyve baglayan ¢icek sayisinin azalmasi oldugu sdylenebilir.
Birinci yil kontrol parsellerine gore safsu ve 0.5 uM EBR uygulamasinda bakla sayilar1 6nemli diizeyde artmus,
istatistiki bakimdan en yiiksek ortalama 80.30 adet ile 0.5 uM EBR dozunda belirlenmistir. Ancak 0.5 uM EBR
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dozundan sonraki artan EBR dozlar1 bakla sayisini1 olumsuz etkilemistir. ikinci y1lda ise EBR uygulamasi yapilan
parsellerde bakla sayis1 kontrol ve safsu uygulamasimdan 6nemli oranda yiiksek bulunmus, ancak EBR dozlarinin
etkileri benzer olmus, ic EBR dozu uygulamasi da ayni grupta yer almistir. Brassinosteroidlerin bitki
gelisimindeki baslica etkileri arasinda hiicre béliinmesi ve genislemesi, hiicresel farklilagma, lateral kok geligimi,
polen tiipii gelisimi, ¢igeklenme ve stres toleransinin arttirilmasi yer almaktadir (Rao ve ark., 2002; Savaldi-
Goldstein ve Chory, 2006; Clouse ve Sasse, 1998; Sasse, 2003; Amzalling ve Vaisman, 2006; Ashraf ve ark.,
2010). Yapilan calismalarda cicek dokmenin cevresel strese bagli olarak arttigi, fakat normal kosullarda da
olabilecegi bildirilmistir. Uygulamalarin ¢igek silkme miktarinin azaltilmasinda etkili olacagi vurgulanmistir
(Dagtekin ve Bilgili, 2020). Bu ¢alismada da kontrol uygulamasina gore, EBR uygulamalar ile bitkide bakla
sayisinin arttig1 belirlenmis olup, EBR uygulamalarinin ¢igek dokiimiinii azaltmasi sonucunda bakla tutumunun
artt1g1 soylenebilir.

Tablo 3. Farkh dozlarda EBR uygulanan soyada bitkide tane sayisi, bitkide tane agirligi ve hasat indeksine ait
ortalamalar

Table 3. Averages for soybean subjected to different doses of EBR in terms of grain number per plant, grain
weight per plant, and harvest index

Bitkide tane sayisi (adet) Bitkide tane agirhig (g) Hasat indeksi (%)
Uygulama 1.yl 2.1l Ort. 1.yl 2.y1l Ort. 1.yl 2.y1l Ort.
Kontrol 150.87¢c  53.67c 102.27D 17.79 ¢ 6.25c 12.02B 26.86ab 2495c 2590C
Saf su 170.13b  42.73d 106.43CD  20.10b 485d 1247B 25.62bc 2468c 2515C
0.5 uM 19353a 88.97a 141.25A 22.79a 1064a 1671 A 27.64a 30.83a 2924A
1.0 uM 14493c 73.80b 109.37C 15.50 d 8.40b 11.95B 2542bc 2747b 26.44BC
1.5 uM 144.60c 88.00a 116.30B 15.47d 1056a 13.02B 2466c 31.28a 27.97 AB

Ort. 160.81 A 69.43B - 1833A 814 B - 26.04B 2784 A -
CV(a) %4.61 %3.91 %0.68
CV(b) %3.11 %4.74 %3.83
Yil (A): 2226.194 ** Yil (A): 2910.687 ** Yil (A): 733.372 **
F Degeri Uygulama (B): 112.407 ** Uygulama (B): 60.396 ** Uygulama (B): 15.268 **
AxB: 91.668 ** AXB: 65.566 ** AxB: 16.323 **

ns = Onemsiz. *: Onemli (P<0.05). **: Onemli (P<0.01)
*: Aymi siitunda ayni harfle gosterilen ortalamalar arasindaki fark istatistiksel olarak énemsizdir.

Soyada bitkide tane sayis1 birinci yil ortalamasi 160.81 adet olarak belirlenmistir. Ikinci yilda ise bakla
sayisindaki azalmalara bagli olarak tane sayisi da azalmistir. Soyada bitkide tane sayisi dogrudan verim ile iligkili
bir dzelliktir. Cesit, iklim ve ¢evre sartlar1 ve yetistirme kosullarina bagl olarak degisebilmektedir. Bitkide tane
sayilarinda yillar arasindaki farkliligin sebebi deneme yillar arasindaki iklimsel farkliliklar oldugu sdylenebilir.
Bakla sayisina benzer sekilde, birinci yil safsu ve 0.5 uM EBR uygulamasinda kontrole gore tane sayilar1 da
artmistir. En yiliksek ortalama 0.5 uM EBR dozunda saptanmis ve en iist grupta yer almigtir. EBR’nin yiiksek
dozlarinda (1.0 ve 1.5 uM) ise tane sayis1 olumsuz etkilenmis ve azalmistir. ikinci yilda da en yiiksek tane sayisi
degeri 0.5 uM EBR dozunda saptanmis olmakla birlikte, 0.5 uM ve 1.5 uM EBR dozlar1 ayni istatistik grupta
degerlendirilmistir. Bu iki uygulamada da tane say1s1 kontrole gére yiiksek bulunmustur. iki y1llik ortalama verilere
gore; soyada en yiiksek bitkide tane sayis1 (141.25 adet) 0.5 uM EBR uygulamasinda elde edilmis olup, artan
dozlarda bitkide tane say1sinda énemli diisiisler belirlenmistir. Iklim kosullarma gore degismekle birlikte, EBR’nin
en diisiik dozu tane sayisini olumlu yonde etkilemistir. Bitki basina bakla sayisini arttiran uygulamalar bitki bagina
tane sayisini da etkilemektedir (Barig ve ark., 2020). Soyada yapraktan EBR uygulamasinin bitkide tane sayisini
onemli oranda arttirdigi bildirilmektedir (Muminova ve ark., 2022).

Bitkide tane agirligi soyada verime etkisi yiiksek olan 6zellikler arasinda sayilmaktadir. Farkli dozlarda EBR
uygulanan soyada bitkide tane agirligi ortalamalar1 birinci yil 15.47-22.79 g, ikinci y1l 4.85-10.64 g arasinda
degisim gostermistir. Soyada genotip x ¢evre interaksiyonunun énemli olmasindan dolayi gesitlerin ve yetistirilen
ekolojik kosullarin bitkide tane agirligina etkisi yiiksektir (Acar, 2015). Birinci y1l 0.5 uM EBR dozunda, ikinci
yilda ise 0.5 ve 1.5 uM EBR dozlarinda en yiiksek bitkide tane agirlhigi degerleri elde edilmistir. ikinci y1l saf su
uygulamasinda bitki tane agirlig1 ortalamasi, bitkide bakla ve tane sayilarinda oldugu gibi kontrole gére azalma
egiliminde olmustur. Elde sonuglar, bitkide tane agirlig1 bakimindan saf su ve EBR dozlar etkisinin vejetasyon
donemindeki iklim kosullarindan ¢ok etkilendigini gostermektedir. Yillarin ortalamasi olarak degerlendirildiginde
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her iki deneme yilinda da 0.5 uM EBR uygulamas: bitkide tane agirligina olumlu etkide bulunmustur. Artan dozlar
(0.5 uM iizeri) bitkide tane agirligini negatif etkilemistir. Brassinosteroidler tiim bitki diizeyinde biiyiimeyi tesvik
etmekte, dollenmeyi artirmakta, uygun olmayan g¢evresel faktorlere, strese ve hastaliga karsi direnci ve iriinlerin
verimliligini artirmaktadir (Surgun ve ark., 2012). Ayrica EBR’nin bitki tohum verimini 6nemli oranda arttirdigi
bildirilmistir (Muminova ve ark., 2022).

Farkli dozlarda EBR uygulanan soyada hasat indeksi ortalamalari iki yillik verilere gore %25.15-29.24 arasinda
degisim gostermistir. En yliksek degerler 0.5 ve 1.5 uM EBR dozlarinda (sirasiyla %29.24 ve %27.97)
belirlenmistir. Birinci y1l 0.5 uM EBR dozunda en yiiksek ortalama elde edilmis, ancak bu deger kontrol parselleri
ortalamasina benzer bulunmustur. ikinci y1l ise en yiiksek degerler sirasiyla 1.5 ve 0.5 uM dozlarinda belirlenmis,
diger uygulamalarda hasat indeksi 6nemli diizeyde azalig gostermistir. Bitki verimi ve bitki boyu gibi tane verimini
ve biyolojik verimi etkilen faktorler ¢evre sartlarindan etkilendigi i¢in hasat indeksi de etkilenmektedir (Acar,
2015; Altinyiiziik ve Oztiirk, 2023). Yapilan galismalarda, soyada hasat indeksi degerlerinin %23.74-93.3 arasinda
degistigi belirtilmistir (Ertas, 2017; Karabulut, 2018).

Tablo 4. Farkh dozlarda EBR uygulanan soyada yiiz tane agwrligi, tane verimi ve yag oranina ait ortalamalar

Table 4. Averages for soybean subjected to different doses of EBR in terms of hundred-grain weight, grain yield,
and oil content

Yiiz tane agirhgi (g) Tane verimi (kg dat) Yag orani (%)
Uygulama 1.y1l 2.1 Ort. 1.yl 2.1 Ort. 1.yl 2.1l Ort.
Kontrol 13.00a 1162ab 1231 A 439.93c 28570ab 36282C 2056c 21.03ab 20.80C
Saf su 11.00c 11.24b 11.12B 52547b 291.75ab 40861B 21.06b 21.06ab 21.06B
0.5 uM 12.33b 1204a 1219A 566.67a 301.17a  433.92A 20.71c 20.95b 20.83C
1.0 uM 11.33¢ 11.21b 11.27B  378.33d 270.16 b  32425D 2149a 2127a 2138A
1.5 uM 12.00 b 1220a 1210A 387.33d 297.68a 34251CD 2099b 2056c 20.78C

Ort. 11.93 11.66 - 45955 A 289.29B - 20.96 20.98 -
CV(a) %1.69 %5.73 %0.79
CV(b) %2.69 %3.86 %0.62
Yil (A): 14.101 ns Yil (A): 471.755 ** Yil (A): 0.038 ns
F Degeri Uygulama (B): 18.437 ** Uygulama (B): 60.243 ** Uygulama (B): 23.175 **
AxB: 6.442 ** AxB:42.611 ** AxB:11.662 **

ns = Onemsiz. *: Onemli (P<0.05). **: Onemli (P<0.01)
*: Aym siitunda aym harfle gosterilen ortalamalar arasindaki fark istatistiksel olarak énemsizdir.

Yiiz tane agirligi ortalamalari incelendiginde; birinci yil en yiiksek deger (13 g) kontrol parsellerinde
belirlenmistir. Hem saf su uygulamasi hem de EBR dozlari tane iriliginin 6énemli diizeyde azalmasina neden
olmustur. Ikinci yilda ise en yiiksek degerler 1.5 uM, 0.5 uM EBR dozlar1 ve kontrol parsellerinde (sirastyla 12.20,
12.04 ve 11.62 g) saptanmisg, iic uygulamada istatistik olarak ayni grupta yer almistir. Denemede iki yillik
ortalamalar incelendiginde; en yiiksek tane iriligi degerleri kontrol parselleri ile 0.5 ve 1.5 uM EBR dozu
uygulanan parsellerden elde edilmistir (Tablo 4). Birinci yil kontrol parsellerinde en yiiksek yiiz tane agirhig
degerlerinin elde edilmesinin nedeninin, bu uygulamada bitkide bakla ve tane sayisinin az olmasina bagh olarak
tanelerin daha ¢ok beslenmesi ve iri tohum elde edilmesi oldugu sdylenebilir. Yiiz tane agirlig1 genetik yapinin
yaninda, ekolojik sartlara ve agroteknik islemlere gore degismektedir. Yiiksek sicaklikta, kotii bakim kosullarinda
ve erken hasatta yiiz tane agirhgi diisebilmektedir (Acar, 2015; Altmyiiziik ve Oztiirk, 2023). Denememizde yiiz
tane agirliginin yillara ve uygulamalara gore farklilik gostermesinin nedeni olarak soyanin degisen gevresel
kosullar altinda farkli uygulamalara farkli tepkiler vermesi oldugu soylenebilir. Ayrica EBR’lerin tiim bitki
diizeyinde; dollenmeyi, meyve kalitesi ve meyve boyutunu artiric1 fizyolojik etkileri vardir (Yokota, 1997). Soya
ile yapilan ¢aligmalarda yiiz tane agirliklariin 8.6-22.9 g arasinda degistigi bildirilmistir (Ertag, 2017; Karabulut,
2018; Yildirim ve Tlker, 2018; Baris ve ark., 2020; Oziistiin, 2022; Altnyiiziik ve Oztiirk, 2023; Yilmaz, 2024).

Tane verimi degerleri incelendiginde; yillara gore degismekle birlikte, EBR uygulamalari arasinda 6nemli
varyasyonlar gézlenmistir. Birinci y1l hem safsu hem de 0.5 pM EBR dozu uygulamasi kontrole gére tane verimini
onemli diizeyde arttirmistir. En yiiksek tane verimi 0.5 uM EBR dozunda (566.67 kg da) saptanmustir. 0.05 pM
EBR dozundan sonraki artan EBR dozlar1 verimin 6nemli diizeyde azalmasina neden olmustur. ikinci yilda da en
yiiksek tane verimi 301.17 kg datile 0.5 uM EBR dozunda olmakla birlikte, denemede ele alman uygulamalarin

1289



Sener & Kaya &Kicir
The Effects of Epibrassinolide Application on the Yield Performance of Soybean

kontrol parselleri ile arasindaki fark anlamli bulunmamus, ortalamalar ayni grupta yer almistir. Denemede iki yilin
ortalamasina gore, en yiiksek tane verimi degerleri 0.5 uM EBR uygulamasinda belirlenmis olup, 0.5 pM
tizerindeki uygulamalar verimi olumsuz etkilemistir. Brassinosteroidler biiylimeyi tesvik etmekte, déllenmeyi
artirmakta, vejetatif gelisme siiresini kisaltmakta ve tane verimini artirmaktadir (Surgun ve ark., 2012). Bu
calismada da uygulamalar arasindan, 0.5 uM EBR dozunun soyada tane verimini tesvik ettigi sdylenebilir.

Farkli dozlarda EBR uygulanan soyada yag orani degerleri yil x uygulama interaksiyonuna gére 6nemli
varyasyonlar gostermistir. Hem birinci (%21.49) ve ikinci yilda (%21.27), hem de iki yillik ortalama (%21.38)
verilere gore soyada en yiiksek yag oranlar1 1.0 uM EBR dozu uygulanan parsellerden elde edilmistir. {1k y1l 1.0
pM EBR dozundan elde edilen yag orani degeri onemli diizeyde yiiksek bulunmustur. Kontrol ve diger tiim
uygulamalarda genellikle yag oranlar1 azalis gostermistir. Denemenin ikinci yilinda en yiiksek yag orani elde
edilen 1.0 uM EBR dozu ile kontrol ve safsu uygulanan parseller arasindaki farkliliklar anlamli olmamustir. Elde
edilen sonuglara gore soyada tane yag orani {izerine 1.0 uM EBR dozunun olumlu etkiler gosterdigi sdylenebilir.
Brassinosteroidler uzama ve boliinmeyi destekler, hormonal dengeyi korur, protein ve niikleik asit sentezini aktive
eder, enzimatik aktiviteyi arttirir, yag asidi kompozisyonuna etki eder ve fotosentetik kapasiteyi arttirir (Surgun
ve ark., 2012). Yapilan calismalarda da soyada tane yag orami degerlerinin %17.9-24.73 arasinda oldugu
bildirilmistir (Altinyiiziik, 2017; Turhan, 2019; Vurarak, 2024).

4. Sonug

Farkli dozlarda EBR uygulanan soyada 0.5 uM EBR uygulamasi ¢i¢ceklenme siiresini kisaltmis, bitki boyunu,
bitkide bakla sayisini, bitkide tane sayisini, bitkide tane agirligini, hasat indeksini ve tane verimini artirmis olup,
yag oranini ise 1.0 uM EBR uygulamasi artirmustir. Incelenen dzelliklerde; %50 gigeklenme giin sayis1 56.0-59.7
giin, bitki boyu 67.13-102.43 cm, ilk bakla yiiksekligi 10.23-14.03 cm, bitkide bakla sayis1 16.80-80.30, bitkide
tane sayis1 42.73-193.53, bitkide tane agirlig1 4.85-22.79 g, hasat indeksi %24.66-31.28, yiiz tane agirligi 11.00-
13.00 g, tane verimi 270.16-566.67 kg da* ve yag oran1 %20.56-21.49 arasinda degisim gdstermistir. Yapraktan
EBR uygulamast ile soyanin verim ve verime dogrudan etkili 6zellikleri lizerinde yillara gore degismekle birlikte
farkli etkilerinin oldugu belirlenmistir. Genel olarak degerlendirildiginde 0.5 uM EBR uygulamasmin soyada
verim Ogeleri tizerine olumlu etkileri oldugu sonucuna varilmigtir. Bundan (0.5 uM) daha yiiksek dozlardaki EBR
uygulamalar, tane verimi ve verime dogrudan etkili 6zellikler {izerine olumsuz etkilerde bulunmustur.

Etik Kurul Onay1

Bu ¢alisma i¢in etik kuruldan izin alinmasina gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Planlama: Kaya, M., Sener, A.; Materyal ve Metot: Kaya, M., Sener, A., Kicir, S.; Veri toplama ve Isleme: Kaya,
M., Sener, A. Kicir, S.; Istatistiki Analiz: Sener, A.; Literatiir Tarama: Kicir, S.; Makale Yazimi, Inceleme ve
Diizenleme: Sener, A., Kaya, M.
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Mevsimlik Gezici Tarim Iscisi Hanelerin Karsilastigi Yoksunluklar1 Anlamak: Ankara
ili Bala ilcesi Ornegi*

Understanding the Deprivations Faced by Seasonal Migrant Agricultural Worker Households:
The Case of Bala District in Ankara Province

Emine ARSLAN PAULI", Biilent GULCUBUK?

Oz

Tarimsal iiretimin, en énemli bilegenlerinden olan mevsimlik gezici tarim isgileri, tiretime yaptiklari katk ile
yerelde ve ulusalda ekonomiyi desteklerken, gida giivencesi acisindan gida tedarikinin istikrarini saglamada kilit
rol oynamaktadirlar. Ancak, mevsimlik gezici tarim is¢ileri, sagladiklar1 6nemli katkiya ragmen, tarimsal iiretime
katkida bulunmak iizere gegici olarak gittikleri, ancak uzun siire gecirdikleri yerlerde, yasam kosullarina iliskin
ihtiyaclariin yeterince karsilanmamasindan dolay1 yoksunluklar yagamaktadirlar. Bu yoksunluklar, yalnizca tek
boyutta degil coklu boyutlarda yasadiklari yoksunluklardir. Bu calismada, mevsimlik gezici tarim isgisi
hanelerinin yasadigi ¢ok boyutlu yoksunluklar incelenmektedir. Yoksunluk kavrami, toplumun mevcut olan
kosullarina gore goreli olarak yetersiz olan maddi ve sosyal kosullar olarak ele alinmaktadir. Analizde, barinma,
temizlik kosullar ile saglik, beslenme durumlar1 ile enerjiye erisim, bilgi ve teknolojiye erisim boyutlarina yer
verilmistir. Calismada, mevsimlik gezici tarim isgilerinin, ¢aligmak i¢in geldikleri yerde uzun siire
deneyimledikleri s6z konusu boyutlardaki yoksunluklar: ele alinmaktadir. Ankara ili Bala ilgesinde, mevsimlik
gezici tarim is¢iligi yapan ve kartopu 6rneklemesi ile belirlenen 80 hane ile yiiz yiize gorisiildigi 2022-2023
yillarinda yiiriitiilen arastirmada, hanelerden 6ncelikle demografik bilgiler ve ¢alisma durumlar ile ilgili veriler
alinmistir. Devaminda, ele alinan boyutlarda hanelerin ¢alismak i¢in geldikleri ilgede, sahip olduklari olanaklar ile
iyi olma halleriyle ilgili bilgiler alinmistir. Bulgular, yasam kosullarin1 ve mevsimlik gezici tarim isgilerinin genel
refahini iyilestirmeye yonelik potansiyel miidahalelere dair girdiler sunmaktadir. Bu bulgular, iklim kosullarina
agir1 hassas ve yetersiz barinma alanlari, ihtiya¢ duyulan sanitasyon olanaklarindan yoksun yasam kosullari,
tekrarlayan fiziksel rahatsizliklar, beslenme yetersizlikleri, bilgi ve teknolojiye sinirli erigim gibi yasam kalitelerini
etkileyen yoksunluklardir. Mevsimlik gezici tarim isgilerinin, 6zellikle barinma kosullarini iyilestirmeye yonelik
merkezi ve yerel yonetimlerce gesitli 6nlemler alinmaktadir. Ancak, yasal diizenlemelerin yaninda, mevsimlik
gezici tarim isgilerinin yoksunluklarii gideren kapsamli politikalar ile is¢ilerin maddi manevi ¢aligma haklarinin
korundugu, insana yarasir yasam kosullarina sahip ¢alisma ortamlart olusturulmalidir. Boylelikle, mevsimlik
gezici tarim isgilerinin refahinin siirdiiriilebilirliginin saglanmas ile esitlik¢i ve siirdiiriilebilir bir tarim sektorii
saglanabilir.

Anahtar Kelimeler: Tarimda istihdam, Mevsimlik tarim isgisi, Yoksunluk

*Sorumlu Yazar/Corresponding Author: Emine Arslan Pauli, Ankara Universitesi, Fen Bilimleri Enstitiisii, Tarim Ekonomisi Boliimii, Ankara, Tiirkiye. E-
mail: emine_arslan@yahoo.com OrclD: 0000- 0001-5561-4585

2Biilent Giilgubuk, Ankara Universitesi, Ziraat Fakiiltesi, Tarim Ekonomisi Boliimii, Ankara, Tiirkiye. E-mail: gulcubuk@agri.ankara.edu.tr OrclD: 0000-
0002- 7461-1133

Atif: Arslan Pauli, E., Giilgubuk, B. (2024). Mevsimlik gezici tarim isgisi hanelerin karsilastig1 yoksunluklari anlamak: Ankara ili Bala ilgesi 6rnegi. Tekirdag
Ziraat Fakiiltesi Dergisi, 21(5): 1294-1307.

Citation: Arslan Pauli, E., Giilgubuk, B. (2024). Understanding the deprivations faced by seasonal migrant agricultural worker households: The case of Bala
District in Ankara Province. Journal of Tekirdag Agricultural Faculty, 21(5): 1294-1307.

*Bu ¢alisma sorumlu yazar Emine Arslan Pauli’nin “Mevsimlik Gezici Tarim Is¢iliginde Calisan Cocuklarin Cok Boyutlu Yoksunluk
Kriterlerine Gore Analizi: Ankara ve Sanlwrfa Illeri Aragtirmasi” baglikli doktora tez ¢aligmasinin verilerinden yararlanilarak hazirlanmistir.
©Bu ¢aligma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisanst (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2024

1294


https://orcid.org/0000-0001-5561-4585
mailto:gulcubuk@agri.ankara.edu.tr
https://orcid.org/0000-0002-7461-1133
https://orcid.org/0000-0002-7461-1133
https://orcid.org
https://orcid.org

JOTAF/ Tekirdag Ziraat Fakiiltesi Dergisi, 2024, 21(5)

Abstract

Seasonal migrant agricultural workers, who are one of the most important components of agricultural production,
support the local and national economy with their contribution to production, while playing a key role in ensuring
the stability of food supply in terms of food security. However, despite the significant contribution they make,
seasonal migrant agricultural workers experience deprivation due to the fact that their living conditions are not
sufficiently met in the places where they temporarily go to contribute to agricultural production but spend long
periods of time. These deprivations are not deprivations experienced in a single dimension but in multiple
dimensions. This study examines the multi-dimensional deprivations experienced by seasonal migrant agricultural
worker households. The concept of deprivation is considered as material and social conditions that are relatively
inadequate compared to the existing conditions of the society. The analysis includes the dimensions of shelter,
sanitation and health, nutritional status, access to energy, and access to information and technology. The study
examines the deprivations experienced by seasonal migrant agricultural workers in the relevant dimensions for a
long period in the locations where they come to work. In this study, information was collected through face-to-
face interviews conducted in 2022-2023 with 80 households selected by snowball sampling from seasonal migrant
agricultural worker households in Bala district of Ankara province. Firstly, their demographic information and
data on their employment status were collected. Subsequently, information was gathered regarding the facilities
available to households and their well-being in the districts they came to for work, based on the dimensions
addressed. The findings provide inputs regarding potential interventions to improve the living conditions and
general well-being of seasonal migrant agricultural workers. These findings are the deprivations that affect the
quality of life, such as inadequate shelters that are extremely sensitive to climatic conditions, living conditions that
lack the required sanitation facilities, recurring physical illnesses, nutritional deficiencies and limited access to
information and technology. Measures are being taken by local and central management to improve especially the
housing conditions of seasonal migrant agricultural workers. However, in addition to legal regulations,
comprehensive policies that eliminate the deprivations of seasonal migrant agricultural workers should be
established and working environments where workers” material and moral rights to work are protected and where
they have decent living conditions should be created. Thus, an equitable and sustainable agricultural sector can be
achieved by ensuring the sustainability of the welfare of seasonal migrant agricultural workers.

Keywords: Agricultural employment, Seasonal agricultural worker, Deprivation
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1. Giris

Aragtirmalara gore, her yil Tiirkiye’de yaklasik yarim milyon insanin emek yogun tarimsal iiretim igin
mevsimlik gog yollarinda oldugu tahmin edilmektedir (Zirh ve ark., 2020). Tarimda isgiicii talebini karsilayan,
beceri ve dayaniklilik gerektiren zorlu tarim iglerini iistlenen ve bu denli genis ¢aph bir gégiin pargasi olan gezici
tarim isgilerinin, tarim sektoriindeki roli ¢ok 6nemlidir.

Tarimsal tiretimin herhangi bir asamasinda, isin yapildig1 yore disindan gelerek, ticret karsiliginda sézlesmeyle
veya sozlesme olmaksizin ¢aligan gergek kisilere mevsimlik (gezici) tarim isgisi denir (Gériicii ve ark., 2010).
Diger bir tanimla, mevsimlik (gezici) tarim is¢ileri, tarim islerinin yogunlastigi zamanlarda, {iriin desenine ve is¢i
talebine gore, bir bolgeden (yasadiklar1 yerlerden) baska tarimsal alanlara dogru, ¢ogunlukla aileleriyle birlikte
yer degistiren isgiicli grubudur (Uyan Semerci ve ark., 2014).

Literatiirde, Tirkiye’nin gesitli bolgelerinde gezici mevsimlik tarim is¢ilerinin sosyal, ekonomik ve barinma
sorunlarinin analizi yapilarak, bu isgilerin ¢alistiklar1 yerlerde karsilastiklar1 yagsamsal sorunlar ortaya konulmustur
(Ozbekmezci ve ark., 2004; Yildirak ve ark., 2003; Kantar Davran ve ark., 2009; Karaman ve ark., 2011; Simsek,
2012).

Yildirak ve ark. (2003) gesitli illerde farkli tarim islerinde ¢alisan mevsimlik gezici ve/veya gegici ¢aligan
kadinlar1 odak alarak yaptiklari arastirmalarinda, bu kadinlarin konumunu ve karsilastiklar1 sorunlar1 incelemek
amactyla gezici/gecici kadin is¢ilerin aile durumu, sosyal giivenlik durumu, {icret yapisi, yagam kosullar1 ve sosyal
cevresini analiz etmistir. Ozbekmezci ve ark. (2004), Cukurova Asag1 Seyhan Ovasinda, yére icinde siirekli ikamet
eden ve yore disindan gelen mevsimlik tarim isgisi ailelerini kapsadiklari arastirmalarinda, mevsimlik tarim
is¢ilerinin sosyal, ekonomik ve barinma sorunlarini analiz ederek, yasamsal sorunlar ortaya koymustur. Kantar
Davran ve ark. (2009), Adana ilinde gerceklestirdikleri arastirmalarinda, mevsimlik tarim is¢ilerinin ¢alisma ve
yasam kosullarini incelemis, makro diizeyde ¢oziim Onerileri sunmustur. Karaman ve ark. (2011) galismalarinda,
Giresun ve ¢evresine findik toplama i¢in Dogu ve Giineydogu Anadolu’dan gelen mevsimlik ya da gezici tarim
is¢ilerinin tasima, konaklama, saglik, beslenme ve egitim gibi sorunlarini ele almistir. Simsek (2012), Sanliurfa ve
Adiyaman illerinde yapilan arastirmada, mevsimlik tarim isgisi ailelerin saglik durumlarini, saglik hizmetlerine
erisim olanaklariyla birlikte incelemistir.

Mevsimlik gezici tarim isgilerinin ekonomik, sosyal, saglik durumlari ile yasam kosullarinin incelendigi s6z
konusu caligmalar, gezici mevsimlik tarim is¢ilerinin ¢esitli boyutlarda yasadiklari zorluklari vurgulamaktadir. Bu
sorunlarin ele alinmasi, mevsimlik gezici tarim is¢ilerinin refahinin saglanmasi dogrultusunda, isgilerin iginde
bulunduklari durumun ortaya konulmasi yoniinde 6nem arz etmektedir.

Mevsimlik gezici tarim ig¢ilerin refahinin saglanamamasi, pek ¢ok agidan tarim sektoriiniin stirdiiriilebilirligini
tehdit edecektir. Oncelikle, yasam ve calisma kosullar iyilestirilemeyen mevsimlik tarim isgileri, daha istikrarli ve
daha yiiksek ticretli sektorlere gecerek tarim sektoriinii terk edecektir. Gerekli olan besin ihtiyaglarinin temini olan
gida giivencesinin saglanmasi hususunda riskler olusacak, yeterli gida temini konusunda zorluklar ortaya
c¢ikacaktir. Ayni1 zamanda, tarim arazilerinin tarim dis1 amagclar i¢in kullanilmasi riskine ve devaminda da iiretimde
uzun vadeli diisiise yol agacaktir. Sonug olarak, tarimsal Gayri Safi Yurtici Hasila (GSYIH) olumsuz etkilenecektir
(Sarioglu ve ark., 2024). Diger yandan, ortaya ¢ikan sonuglar yalnizca ekonomik olmayacak, kirsaldaki iggiiciiniin
diger sektorlere vasifsiz isgiicii olarak katilmasina, bdylelikle sosyo-ekonomik refahin bozulmasina sebep
olacaktir (Karakayaci ve ark., 2022).

Yoksunluk, bireyler ve haneler tarafindan deneyimlenen, toplumda tecriibe edilen ya da mevcut olan kosullara
gore goreli olarak yetersiz olan maddi ve sosyal kosullardir (Townsend, 1987). Yoksunluk kavrami, belirli bir seye
sahip olamama, yoksun olma, hane halkinin ya da bireyin asgari yasam diizeyini siirdiirebilmesi i¢in gerekli,
yalnizca en temel ihtiyaglarimi bile karsilayamamasi durumu olarak tanimlanabilmektedir. Bireylerin ya da
gruplarmn i¢inde bulunduklar1 durumlar veya kosullar sebebiyle yasadiklari yoksunluklar, ekonomik olabilecegi
gibi, siyasi ve sosyal de olabilmektedir. Bagka bir ifadeyle, yoksunluk, birey, hane ya da gruplarin, genel toplum
veya lilke seviyesine gére gozlenebilir ve kamitlanabilir dezavantajli durumda olmalaridir (Townsend, ve ark.,
1988). Yoksunluk, yalnizca mali kaynaklarin olmayisindan degil, ¢esitli kaynaklarin olmayigindan kaynaklanirken,
yoksulluk ise mali kaynaklarm olmayigindan kaynaklanmaktadir. Bu baglamda, yoksunluklarin incelenmesi, gok
boyutlu bir yaklagim gerektirmektedir.
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Mevsimlik gezici tarim iscilerinin, gd¢ ettikleri ve uzun siireli kaldiklar1 yerlerdeki yasam kosullarinin
incelenmesi, tarimsal iiretimin en 6nemli pargasit olan bu tarim is¢ilerinin katkilarimin biiylikligii agisindan 6nem
tagimaktadir.

Bu sebeple, mevsimlik gezici tarim is¢iligi ile ilgili, ¢esitli agilardan degerlendirmelerin yapildigi literatiirdeki
incelemelerin yaninda, bu isgilerin es zamanli olarak maruz kaldiklari birden fazla boyuttaki yoksunluklara iligkin,
biitiinciil bir inceleme ihtiyact bulunmaktadir. Bu arastirmada, mevsimlik gezici tarim isgilerinin demografik
yapilarinin incelenerek, tarimda caligmak iizere geldikleri yerde, barinma, temizlik kosullari, saglik, beslenme,
enerjiye erigim ile bilgi ve teknolojiye erisim boyutlarindaki yoksunluklarinin belirlenmesi amaglanmustir.

2. Materyal ve Yontem
2.1. Materyal

Bu calismanmn ana materyalini Ankara ili Bala Ilgesine gelen mevsimlik gezici tarim iscilerinden anket soru
formlarmin doldurulmasi ve gézlem yoluyla elde edilen veriler olusturmaktadir. Bunun yani sira, konu ile ilgili daha
énce yapilan calismalar, TUIK (Tiirkiye Istatistik Kurumu) verileri, raporlar, tezler ise ikincil materyali olusturmustur.

2.2. Yontem

Saha ¢alismanin Orneklemi igin bir olasiliksiz ornekleme yontemi olan kartopu ornekleme yontemi
kullanilmistir. Bu ¢alismada, kartopu 6rnekleme yonteminin kullanilmasinin sebebi halen Ankara iline girig yapan
ve uzun siire kalan gezici tarim isc¢ilerinin sayist ve yerleriyle ilgili resmi kaydin olmayisidir. Kartopu
orneklemesinde, bir temas noktasiyla baslayip, onun tavsiyesiyle ikinci bir temas noktasina gegilip ongordiigiimiiz
anket sayisina erisene kadar anket siirdiiriiliir (Erdogan, 2021).

Goriismelerin planlandigr donem olan Agustos-Eyliil aylarinda, tarimsal faaliyette bulunmak iizere Bala
ilcesinde bulunan mevsimlik gezici tarim iscilerinin yerleskelerine ulasmak igin, Bala flge Tarim ve Orman
Miidiirliigii ilk iletisim noktas: olmak iizere, ilk yerlesim yerine ulasilmistir. ilgili yerin muhtar1 ve mevsimlik
tarim isgisi aracilarindan alinan bilgilerle, bir sonraki ulagilacak yerleskeler belirlenmistir. Bu galigmada, en az bir
¢ocugu olan haneler kapsama alinmistir. Aragtirma kapsamina girdigi belirlenen, Ankara ili Bala ilgesinde
mevsimlik gezici tarim isciligi yapan 80 haneye ulagilmig, her haneden, mevsimlik tarim isciligi yapmak {izere
Bala ilgesine gelmis hanehalki fertleri ile ilgili bilgi verebilecek yetiskin bir hanehalk: ferdinden bilgi alinmistir.
Calismada kullanilan hanehalki tanimi, aralarinda akrabalik bagi bulunsun veya bulunmasin, ayni konutta ya da
ayn1 konutun bir béliimiinde yasayan gelir ve giderlerini ayirmayan, hanehalki hizmet ve yonetimine katilan bir
veya birkag bireyin olusturdugu topluluktur (TUIK, 2016). Hane temelinde alinan ve listelenen yanitlar; ele alian,
barinma, temizlik kosullari, saglik, beslenme, enerjiye erisim ile bilgi ve teknolojiye erisim boyutlar1 itibariyla,
gezici tarim is¢ilerin durumunu ve yasadiklart yoksunluklari ortaya koymak amaciyla analiz edilmistir.

Diger yandan, hanehalk: fertlerine iliskin alinan demografik ve 6grenim durum bilgileri, hanelerin ve fertlerin
profilini ortaya koymak flizere analize tabi tutulmustur. Fertlerin demografik 6zellikleri incelenirken, aragtirma
kapsamindaki hanehalk: fertlerinin toplam yas bagimlilik orant da degerlendirilmistir. Toplam yas bagimlilik orani
niifusun yas yapisinin bir 6l¢iistidiir. Bu oran, giinliik yagsamlar1 i¢in baskalarmin destegine "bagimli" olmasi muhtemel
bireylerin (gengler ve yaslilarin) sayisi ile bu destegi saglayabilen bireylerin sayisi arasinda iliski kurar (Anonim, 2024).

3. Arastirma Bulgular
3.1. Hanehalki yapist

Arasgtirma kapsaminda, goriisiilen hanelerin Bala ilgesine gelmis hanehalki fertleri listelenmis ve demografik
bilgileri alinmistir. Bu bilgilere gore, arastirma kapsamindaki hanelerin ortalama biiyiikliigii (hanehalki fert say1st)
6.4°tiir. Ortalama hanehalki bityiikliigii Tirkiye i¢in 2023 yilinda 3.1 olup, iller diizeyinde de en yiiksek ortalama
hanehalki biiyiikliigiiniin oldugu iller sirasiyla Sirnak (4.9), Sanlrfa (4.7) ve Batman (4.6) olmustur (TUIK,
2024a). Buna gore, mevsimlik gezici tarim isgisi olarak gelen hanehalklarinin ortalama biiytkliigii, Tirkiye
genelinden ve de Giineydogu Boélgesi illerinden de yiiksektir. Arastirma kapsamindaki hanelerin %60’1 5-9
hanehalki ferdi biiytikliik grubundadir.
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Hanehalkinin sosyo-ekonomik durumu ve hanede yasayan tiim fertlerin kisisel 6zellikleri hakkinda, en dogru
bilgiye sahip, hanenin yonetiminden ve ge¢iminden sorumlu yetiskin hanehalk: iiyesine, hanehalki sorumlusu
denmektedir. Diger bir deyisle; hanehalkinin yonetiminde s6z sahibi olan, hanehalkinin hukuki, sosyal ve
ekonomik planlama ve karar siirecinde en etkin rol oynayan, genellikle 18 ve daha yukar yagtaki hanehalki ferdi,
hanehalki sorumlusu olarak degerlendirilmektedir (TUIK, 2024b). Hanehalki sorumlularina bakildiginda da
hanehalki sorumlularinin %82.5’inin erkek oldugu gézlenmistir (Tablo 1).

Tablo 1. Arastirma kapsamindaki hanelerin yapist

Table 1. Structure of households surveyed

Ozellik Nitelik Say1 %
Hanehalki bityiikligi < 22 275
(fort sayis) yucug 5-9 48 60.0

>=10 10 12.5
Hanehalki sorumlusunun Erkek 66 82.5
cinsiyeti Kadin 14 175
Toplam 80 100.0

Aragtirma kapsamindaki toplam 514 hanehalki ferdinin %52.7’sini kadinlar olusturmaktadir. En kalabalik yas
grubu olan 12-17 yas grubundaki fertler toplamin %31.1’ini olusturmaktadir (Sekil 1).

Yas Grubu

=71 | %02
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%12 5960 [] %04
%21 S{EE [ %21
%3.1 [EISL %2.7
%16 4106 %2.9
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%04 2933 [[] %14

%3.7 23-28 %21

%5.4 | 18-22 | %91
%13.8 12-17 %6173
%7.2 | 611 | s66.4

%23 |35 %1.8

%19 |12 %0.8

%06 <1 %1.8

18 12 6 % 6 12 18

B Kadin @ Erkek

Figure 1. Distribution of household members surveyed by age group and sex (%)
Sekil 1. Arastirma kapsanundaki hanehalk: fertlerinin yas grubu ve cinsiyete gore dagilimi (%)

Hanehalki fertlerinin ortanca yast 17 iken erkek fertlerin 18, kadin fertlerin ise 19°tur. Diger yandan, 2023 yili
itibartyla Tiirkiye’de ortanca yas 34’e, erkeklerde 33.2’ye ve kadimlarda ise 34.7'ye yiikselmistir (TUIK, 2024a). Buna
gore, niifusun geneline bakildiginda, Tiirkiye niifusunun ¢ok geng kismi1 mevsimlik gezici tarim isgisi olarak alanda
bulunmaktadir.

Aragtirma kapsamindaki, fertlerin %62.1°1 ¢aligma ¢agindaki niifus olarak tanimlanan 15-64 yas grubundadir
(Tablo 2). Bunun yaninda, ¢alisma ¢agmdaki birey bagima diisen ¢ocuk ve yasl birey sayisini ifade eden toplam yas
bagimlilik orani ise %61.1°dir. Diger bir deyisle, aragtirma kapsamindaki hanehalki fertlerinin 15-64 yas grubunda
bulunan ¢aligma ¢agindaki her yiiz bireyine karsilik 61 ¢ocuk ya da yash bulunmaktadir.
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Tablo 2. Hanehalk: fertlerinin demografik yapist

Table 2. Demographic structure of household members

Ozellik Nitelik Say1 %
Cinsiyet Erkek 243 47.3
Kadin 271 52.7
<15 191 37.1
Yas grubu 15-64 319 62.1
>=65 4 0.8
Toplam 514 100.0

Toplam bagimlilik orani, Tiirkiye igin 2023 yilinda %46.3 ve iller arasinda en yiiksek oran olarak da Sanlrfa
icin %72.5°tir (TUIK, 2024a). Buna gére, arastirma kapsamindaki hanelerde, is giiciine katilimi beklenmeyen ve aym
zamanda haneye giren gelirden yararlananlarin orani olan %61.1, Tiirkiye geneline gore oldukea yiiksektir. Yiiksek
bagimlilik orani, ekonomik olarak aktif niifusun, ¢ogunlukla ekonomik olarak bagimli olan ¢ocuklarmn ve yaslilarin
ihtiyag duydugu sosyal hizmetleri destekleme ve saglama konusunda, daha biiyiik bir yiikle kars1 karsiya oldugunu
gostermektedir (UN, 2007).

3.2. Hanehalk fertlerinin egitim durumu

Hanehalki fertlerinin geneline bakildiginda, %10.7'sinin okul ¢aginda olmadig1 ve % 0.4'tiniin de 6zel gereksinimli
cocuklar i¢in olugturulmus 6zel egitim programlarindan yararlandigt 6grenilmistir. 15 yas ve lizeri hanehalki fertlerine
bakildiginda, %53.9’unun kadn oldugu goriilmektedir.

Toplam fertlerin %62.8’ini olusturan 15 yas ve iizeri 323 hanehalki ferdinin &grenim diizeyine
bakildiginda, %19.8'i okur-yazar degildir. %12.4'i-niin de okur-yazar olmasina ragmen diplomasi yoktur ve %5.3'i de
ilkokula baglamig ancak terk etmistir. 15 yas ve tizerindeki bu fertlerin %62.5’1 ise en az ilkokul mezunudur. Tiirkiye
rakamlarina bakildiginda, 2023 yilinda 15 yas ve lizeri niifusta okur-yazar olmayanlarm oram1 %2.6 olarak
hesaplanmaktadir. Bu oran, 15 yas ve iizeri erkekler icin %0.7 iken kadmlar igin %4.4tiir (TUIK, 2024c¢). Tiirkiye
geneliyle kiyaslandiginda, aragtirma kapsamindaki 15 yas ve iizeri bireylerin okur yazarlik orani ciddi bir oranda
Tiirkiye genelinden diisiiktiir.

Ozellikle, okur-yazar olmayan 15 yas ve iizeri hanehalki fertlerinin %87.5'inin kadin olmasi dikkat gekerken, okur
yazar olup da diplomasi olmayan fertlerin %32.5'i, ilkokulu terk etmislerin %41.2’si ve ortaokulu terk
etmislerin %62’si kadindir (Sekil 2).
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Figure 2. Distribution of surveyed household members aged 15 and over by education level and sex

Sekil 2. Arastirma kapsanmindaki 15 yas ve iizeri hanehalki fertlerinin ogrenim diizeyi ve cinsiyete gire
dagilimi

Tiirkiye’de 2023 yilinda okur-yazar olmayan 15 yas ve iizeri bireylerin %87.1°i kadindir (TUIK, 2024c). Tiirkiye
ve arastirma kapsamindaki bireyler igin, okur-yazar olmayan toplam birey sayisi igindeki kadmn oranlar
kargilagtirildiginda, Tiirkiye orani ile arastirma kapsaminda elde edilen oranin paralellik gosterdigi goriilmektedir.
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Diger bir deyisle, okur-yazar olmayanlarmn agirlikli kismim kadinlar olusturmaktadir.

3.3. Hanehalki fertlerinin calisma ve gelir durumu

Hanelerin %20’si yilda 5 ay ve daha kisa az siire mevsimlik gezici tarim isgiligi yaptigini belirtirken, %63.8’1 6 ila
7 ay, %15’i de 8 ila 10 ay, %1.2’si de tiim y1l mevsimlik tarim is¢iligi yaptigimi belirtmistir. Nisan-Kasim aylar1 en
fazla mevsimlik tarim is¢iliginin yapildigi aylar olmustur (Sekil 3).
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Figure 3. Distribution of households in the survey by number of months worked in a year
Sekil 3. Arastirma kapsamindaki hanelerin yil icinde ¢alistig1 ay sayisina gére dagilimi

Goriistilen hanelerin, Bala ilgesinde, goriisme tarihi itibartyla, yaptiklar igler kuru sogan, fasulye, domates, salatalik,
biber, armut, elma, kavun toplama igleri ile file ve boru toplama igleridir. En fazla yapilan is, hanelerin %351’inde kuru
sogan hasadi igidir.

Odeme sekli olarak, sogan hasad1 disinda, diger islere giinliik yevmiye verilirken, sogan hasadi igin kabala denen
cuval bas1 6deme yontemi kullanilmaktadir. Kabala yontemi ile 6demesi yapilan sogan hasadi, bu 6deme sekli
sebebiyle, yaz doneminde hava kararana kadar devam etmektedir. Bu 6deme sekli, ticret yoniinden baski yarattigindan,
iscilerin yipratic1 sekilde, giinliik olarak daha fazla ¢aligmasina sebep olmaktadir.

Aragtirma igin hanelerin ziyaret edildigi donem, iilkede genel tiiketici fiyatlarinin artmaya devam ettigi
doénemlerdendir. Daha 6nce, belirli bir yevmiye miktari iizerinden ¢alismaya baslamis gezici tarim isgilerinin, degisen
ekonomik kosullar sebebiyle, tarim aracilar1 vasitasiyla, isverenle tekrar iicret pazarligi yaptiklart 6grenilmistir. Bu
sekilde, artan masraflarini karsilamak {izere, igverenlerden iicretlerinin yiikseltilmesini talep etmislerdir.

Masraflarmi diisiik tutmaya caligan hanelerin, toplu erzak alimi yaptiklari, kendi ekmeklerini kendi trettikleri
gozlenmistir. Yine masraflarini diisiik tutmak iizere, ekmek pisirmek, yemek pisirmek, su isitmak i¢in odun atesi
kullandiklar1 goriilmiistiir.

Gelir saglamak igin, zorlu ¢alisma ve yasam kosullarina maruz kalan mevsimlik gezici tarim is¢ilerinin, bu giic
kosullara ek olarak, harcanan emege karsilik sagladiklar1 gelir arasinda yeterince denge saglanamadigi goriilmektedir.
Birgogu i¢in, tiim y1l ge¢imlerini saglamalarinin tek yolu mevsimlik tarim is¢iligidir ve bu bireylerin tarimsal iiretimde
olmalarinin sebebi, kendilerinin dile getirdigi sekilde, ‘mecbur’ olmalaridir. Calisma ortaminda haklarm ve kabul
edilebilir ge¢im diizeyinin saglanmasi, ayn1 zamanda galisan ve aile bireyleri igin sosyal koruma ile igverenle sosyal
diyalogun varhigi, insan onuruna yaragir ¢alisma ortamini ifade eder (ILO, 1999). Bu tiir ¢alisma ortamu, adil ticretin,
isyeri giivenliginin saglandigi ¢alisma ortamlaridir. Insan Haklari Evrensel Beyannamesi’nde de ifade edildigi gibi
‘Calisan herkesin, kendisi ve ailesi i¢in insan onuruna yarasir bir yasam saglayacak diizeyde, adil ve elverigli
ticretlendirilmeye hakki vardir’. insana yakisir is kavraminin temel amact; diinya genelinde kadin erkek tiim bireylere,
ozgirliik, esitlik, giivenlik ve saygimlik kosullarmda, insan onuruna uygun istihdam olanagmim saglanmasidir. Ancak
bu amag, salt is yaratmay1 degil, bu islerin kabul edilebilir isler olmasini saglayan kapsamli bir bakig agisma sahip
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olmalidir (Isigicok, 2005). Bu baglamda, mevsimlik gezici tarim isgilerinin, insan onuruna yaragir c¢aligma
kosullarindan yoksun olmalarinin yam sira, ¢alismalar siiresince sigortalarmin olmayisi da ayri bir yoksunlugu giin
yiiziine ¢ikarmaktadir.

3.4. Hanelerin barinma kosullar

Hanelerin %88’i ¢adirlarda barmmaktadir (Tablo 3). Bu ¢adirlar, demir ve tahta direkli ¢adir tiirleri olmak {izere
degiskenlik gosteren ortalama 3x5 metre biiyiikltigiindeki plastik ¢adirlardir. Cadirlar, bdlmesiz, tek kullanim alanina
sahip barinma alanlar1 gseklindedir. Bazi haneler, mutfak ve kiler olarak kullanilan ayri bir ¢cadira sahiptir. Aragtirma
kapsamindaki cografi alanda bulunan tek konteyner yerleskesinde, tek bir biitiin konteyner olup, ayr1 ayr1 ailelere tahsis
edilmis 2-3 bireylik odalar bulunmaktadir.

Tablo 3. Hanelerin barinma durumlart

Table 3. Housing conditions of households

Barima tiirii Barinan hane sayisi Barmnan ortalama Barinan ortalama yetiskin
birey sayisi sayis1
Cadir 70 6.9 3.2
Konteyner 10 3.0 1.7
Toplam 80 6.4 3.0

Kalman yerlesim yerlerinde, soguga karsi alinan 6nlemlere iliskin olarak hanelerin %28.1°1 havanin soguk
olmadigini isaret ederken, %31.7’si yorgan ya da battaniye ile 1sindigini, %19.5’1 kalin giysi giyerek 6nlem aldigini
belirtmistir. Yanitlarin %14.6°s1 ise odun sobast ile ya da disarida yakilan ates ile 1smildigim belirtmigtir. Mevsimlik
tarim is¢iligi icin gelinen Ankara ilinde, mevsimlik isgilerin genel olarak Mayis-Ekim ay1 arasinda galistigi
diistintildiigiinde, mevsimlik is¢i olarak gelen haneler, kis aylarma gére daha az olsa da, soguk havayla karsilagsma
riskiyle karsi kargiyadir.

Bunun yaninda, en 6nemli sorunlardan bir tanesi son yillarda artmig bulunan, firtina ve kisa siireli asir1 yagis
yliziinden barmma yerlerinde yasanmakta olan sorunlardir. Bunlar, ¢adirlarn siddetli riizgar etkisi ile yerinden
ayrilarak ugmasi, asir1 yagis ile toprak zeminli ¢adir i¢lerine su basmasi seklindedir. Cadir yagamini zorlastiran bu sert
iklim kosullar1 ve sel basmasindan dolay1 hanelerin erzaklari kullanilmayacak duruma gelmekte, yagam alanlarinda
maddi kayiplar yasanmaktadir. Riizgér, firtina ve su baskinlarina karsi, kum torbasi, hendek kazilmasi vb. dnlemler
alinmis olsa da, yapilan goriismelerde, maddi kayiplarin yaninda, ¢adir alanlarinda yasanan asir1 riizgar, firtina ve
yagmurun, hem yetiskinlerde ve hem de ¢ocuklarda kaygiy1 artirdigi, 6zellikle ¢ocuklarda giivensizlik ile ciddi korku
olusturdugu 6grenilmistir.

Sabit barinma olanaklari ile kiyaslandiginda, birey sayisina gére barmma alaninin yetersizligi, bireye 6zel alan
olusturmadaki olanaksizlik g6ze carpmaktadir. Tiirkiye’de ortalama hane biiyiikliigii 6 ve lizeri olan hanelerin %48.3’{i
4 odal1 evlerde otururken (TUIK, 2022), arastirma kapsaminda ortalama hane biiyiikliigii 6.4 olan hanelerden cadir
alanlarinda kalanlar, b6lme olmaksizin tek alana sahip ¢adirlarda barimmaktadirlar. Bunun yani sira, haneler, iklim
kosullarma asir1 hassas barmma malzemelerinden yapilan ¢adirlarda barinarak, kisa siireligine degil aylar boyunca
barinma yoksunluguna maruz kalmaktadirlar.

3.5. Hanelerin temizlik kosullart

Aragtirma kapsamindaki hanelerin %57.5’inin igme suyu, tankerlerle saglanmaktadir. Bunun baglica sebeplerinden
biri, mevsimlik gezici tarim isgilerine yerlesmeleri igin gosterilen yerlerin, genelde igme suyu kaynagina sahip
koylerden uzak olmasidir. Hanelerin %17.5’i de kuyu suyunu igme suyu olarak kullanirken, kdye yakin alanlarda
bulunan arastrma kapsamindaki hanelerin yalnizca %7.5°1 koylerden hortum ile igme suyu temin etmekte ve
yalmzca %35°i dogrudan sebeke suyuna ulasabilmektedir (Tablo 4). Tarimsal sulama kanalindan elde edilen igme
sularindan ya da uygun kosullari saglamayan kuyulardan elden edilen igme sularindan dolay1, hanehalki fertleri siklikla
karm agrisi, ishal gibi rahatsizliklar yasadiklarini belirtmistir. Sudan kaynaklanan sindirim sistemi rahatsizliklari,
cocuklarda daha fazla gézlenmistir.
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Tablo 4. Hanelerin icme suyu temin durumu

Table 4. Water supply conditions of households

i¢me suyunun temin edildigi kaynak Hane sayisi
Yalnizca sebeke suyu 4
Yalnizca koy ¢esmesi (hortum ile) 6
Yalnizca tanker 46
Yalnizca kuyu 14
Hem kdy ¢esmesi hem sulama kanali 5
Hem tanker hem diger kaynak 3
Diger 2
Toplam 80

Konteynerde kalan 10 hanenin ortak kullandigi tuvalet ve banyolart kendi konteyner yapisi igindedir. Cadir
alanlarinda goriisme yapilan hanelerin yalnizca birinin tuvalet ve banyosu briketten yapilmistir. Diger tiim banyo ve
tuvaletler plastik ¢adir seklindedir.

Tiim tuvalet ve banyolarin giderleri, cadir ya da konteyner fark etmeksizin, foseptik ¢cukura baglidir. Bu konuda,
uzun siire kalinmasina ragmen foseptik ¢ukurlarinin bosaltilmamasi nedeniyle sinek, koku gibi sikintilarla karsilagildig:
belirtilmistir. Genel olarak, hanelerin %71.3’1i iste bu ilkel kosullardaki kendi 6zel tuvaletlerine sahiptir (Tablo 5).

Hanelerin %73.8’i kendi 6zel banyolarmm oldugunu belirtmislerdir (Tablo 5). Ancak, banyolarin ¢adir seklinde
olmasi ve yikanma suyunun taginarak getirilmesi zorunlulugundan dolayi, ihtiyag duyulan banyo konforu
saglanamamaktadir. Paylasimli banyolarda ya da paylasimli olmasa da hanehalki biiyiikliiklerinin yiiksek olmasindan
dolayi, banyo kullaniminda sira zorunlulugu dogmakta, ge¢ saatlere kadar calismakta olan isciler i¢in de yasam
ortamlarinda ayri1 bir zorluk olusmaktadir.

Tablo 5. Hanelerin banyo ve tuvalet durumlari

Table 5. Bathroom and toilet conditions of households

Tuvalet kullamm  Banyo kullamm

Kullanim Durumlari durumuna gore durumuna gore
hane sayis1 hane sayis1

Kendi 6zel kullaniminda 57 59

Diger ailelerle ortak kullanimda 23 21

Toplam 80 80

Tiirkiye genelinde, 2021 itibartyla, ikamet ettigi konutunun i¢inde borulu su sistemi olan hanelerin oran1 %99.4,
tuvalet bulunan %96.6 ve banyo bulunan hanelerin orani ise %98.8 olarak saptanmustir (TUIK, 2022). Bu oranlarla
kiyaslandiginda ve uzun dénemli oldugu diisiiniildiigiinde, sanitasyon olanaklarmma erigim konusunda, mevsimlik
gezici tarim iggilerinin deneyimledigi kosullar, tilke genelinde erisilebilen genel diizeyden oldukga uzaktir.

Suya ve temizlik olanaklarna ulagirken her giin rutin olarak yasanan zorluklar ve harcanan gabalar, uzun ve zorlu
calisma kosullarim1 kesintisiz deneyimleyen mevsimlik gezici tarim iscilerinin, Sanitasyon konusundaki
yoksunluklarim ortaya koyarken, 6zel alan sikintisini da ortaya ¢ikarmaktadir. Bu alanda yasadiklari yoksunluk,
fiziksel saglik durumlarini etkilemenin yaninda, konfordan uzak karsilanmak zorunda kalinan temizlik ihtiyaci,
bireylerde kesintisiz ¢alismanin sebep oldugu yorgunlugun yan sira, ilave yorgunluk ve bikkinliga yol agmaktadir.

3.6. Hanelerin enerjiye erisimi

Gezici mevsimlik tarim isgiligi yapan haneler, ¢alisip yasadiklar1 yerde, elektrige erisim konusunda genel olarak
zorluk yasadiklarindan bahsetmislerdir. Hanelerin %67.5°1 (54 hane) sebekeye bagh olarak, elektrige her zaman
erisebildiklerini belirtmislerdir. Ancak, hanelerin %13.8’i de yalnizca ¢ok sinirli miktarda elektrik saglayan giines
enerjisi panelleriyle elektrik saglayabilmektedir (Tablo 6). Sebekeye bagh elektrik temin edilememesinden dolayz,
kendi giines panelleri ile elektrik tireten bu hanelerin tirettikleri elektrik ancak aydinlatma i¢in yeterli olabilmektedir.
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Tablo 6. Hanelerin elektrige erigim durumu

Table 6. Accession of households to electricity

Erisim sekli
Elektrik erisim durumu Sebeke Giines Diger Toplam
enerjisi
Her zaman var 54 2 - 56
Ancak belirli zamanlarda var 14 9 - 22
Elektrik yok - - 1 2
Toplam 68 11 1 80

Arastirma kapsaminda, elektrige erisimin sinirli olmasindan 6tiirii hanelerin az sayida elektrikli alet kullanabildigi
saptanmistir. Buna gore hanelerin %35’inin mevsimlik tarim is¢isi olarak gelip yasadigi yerde kendi kullaniminda olan
herhangi bir elektrik aleti bulunmamakta, %33.8’inin de yalmzca bir elektrikli aleti bulunmaktadir. Aletler itibariyla
bakildiginda, 80 hanenin %38.8’inde buzdolabi, %35’inde ¢amasir makinasi ve %16.3’linde ise elektrikli ocak
bulundugu goriilmektedir.

Mevsimlik tarim isgisi hanelerinde, geldikleri yerlerdeki sosyo-kiiltiirel yapinin bir uzantisi olarak, ev isleri kadinlar
ve geng kizlarin omuzlarindadir. Ekmek ve yemek yapimi yaninda yiiriitiilen bulasik ve ¢amasir yikama isleri de genel
olarak tasima su ile elde, zor kosullarda yapilmaktadir. Hanelerin kullandiklarimi belirttikleri ¢gamasir makinalarinin
cogunlugu merdaneli tip camagsir makinasidir. Bu durumda, makine yikamasi miimkiin gibi olsa da, makinalar i¢in su
saglanmasi ve takibi zorunlu oldugundan, yine haneleri konfordan yoksun birakmaktadir.

Yemek pisirmek ve banyo igin su 1sitmak {izere, yakit olarak odun atesi kullanilmaktadir. Bala ilgesinde odun ve
cali ¢irp1 toplanmasi, genel olarak miimkiin olmadigindan, ihtiya¢ duyulan odun ve ¢ali ¢irp1, cogunlukla daha 6nce
gidilen yerlerden toplanarak getirilmekte ya da satin alinmaktadir. LPG ya da elektrikli ocak kullanimi, yagmurlu
giinlerde ¢ok nadir kullanilan bir yemek pisirme aracidir.

Yerlesim yerlerinde, erisimi neredeyse standart olan, elektrik gibi enerji kaynaklarina, mevsimlik tarim isgiligi
yaparken ulagilamamasi ya da ulasilan kaynaklarin konforlu bir giinliik yasam icin yeterli olmamasindan dolayi,
mevsimlik gezici tarim iscileri bu konuda da yoksunluk yasamaktadir. Goriisiilen bireyler, bu ¢erceveden de
yasadiklar1 yasami ‘siirinme’ olarak nitelendirerek, barmma ve enerji erisimi gibi elzem kosullarin geregince
saglanmamasinin, yasam kosullarini ne kadar olumsuz etkiledigini dile getirmektedirler.

3.7. Hanelerin bilgi ve teknolojiye erisim durumu

Hanelerin iletisim ve teknoloji tiriinlerine erigsimine bakildiginda, 80 hanenin yalnizca birinin herhangi bir iletisim
ve teknoloji aract olmadigi goriilmektedir. En az 16 hanenin, tablet, akilli telefon, televizyon ve tuslu telefon gibi bilgi
ve teknoloji araglarindan en az ikisine erisimi varken, 47 hanede yalnizca akilli telefon bulunmaktadir (Tablo 7).
Hanelerde bulunan toplam 75 akilli telefonun, yetiskin erkek veya erkek cocuklar ile evli kadinlar tarafindan
kullanildig1 6grenilmistir. Biiyiik cogunlukla, geng kizlarin evlenene kadar hatli telefonu olmadigs, akilli telefonu olan
bekar geng kizlarin da akilli telefonlarini iletisim kurmak igin degil, fotograf ¢ekmek ve miizik dinlemek igin
kullandiklart belirtilmistir.

Internet erigimi yalnizca akill telefonlarla mobil internet ile gergeklesirken, 80 hanede var olan 75 akilli telefonun
yalmizca 59’unun mobil internete erigimi bulunmaktadir. Ancak, ¢ogu mobil hat sahibinin aboneliginin 6n 6demeli
olmasindan dolayi, mobil internet erigiminin aralikli olarak sadece kontor alimi yapildiginda saglanabildigi
Ogrenilmistir.

Teknolojik iletisim araglarina ve internete erisim, modern iletisim kanallarmin kullanilabilmesi, bilgiye erigim ve
egitim kanallarina ulasmay1 desteklemesi sebebiyle elzemdir. Bilgi ve haber alma araglarindan olan televizyonun bile
80 hanenin yalnizca 2’sinde olmasi, yerine radyo gibi bagka bir aracin da olmayisi, mevsimlik gezici tarim isgilerini
haber alma olanagindan yoksunlastirmaktadir. Akilli telefonlarla erisilen internetin ise oyun ve eglence amagl sosyal
medya i¢in, genel olarak da erkek bireyler tarafindan kullanilmast, esitsiz bir teknolojik iletisim arag kullanim1 gelenegi
ile kadin bireyleri daha fazla iletisim yoksunu kilmaktadir. Tiirkiye geneline bakildiginda da, kadin ve erkekler arasinda
internet kullanim orani kiyaslandiginda, kadimnlarin internet kullanim oranmi (%85.4) erkeklerin internet kullanim
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oranindan (%92.2) diisiiktiir (TUIK, 2024d). Sahada yapilan gdzlemler, iilke genelinde daha az belirgin olan kadilarin
aleyhine olan durumun, aragtirma kapsamindaki bireyler agisindan daha da keskinlestigini gostermektedir.

Tablo 7. Hanelerin bilgi ve teknoloji araglarina ve internete erisim durumu

Table 7. Accession of households to information&technological devices and to internet

Hanelerin kullammmindaki 5 ..
Internet erisimi

Araglar bilgi ve teknoloji .
. olan cihaz sayis1
cihazlarimin sayisi

Akilli telefon 75 59
Tuslu telefon 12 -
Tablet 5 -
Televizyon 4 -
Toplam 80 59

3.8. Hanelerin saghk durumu

Mevsimlik tarim isgileri, siirekli beden giiciiyle c¢aligmalari ve yasam ortamlarinda istenen kosullarin
saglanamamasindan dolay1, saglik sorunlariyla siklikla karsilagmaktadir. Bunun yaninda, kronik rahatsizliklart olup da
olanaklar1 dahilinde mevsimlik tarim is¢iligi icin gé¢ eden, ¢alismaya devam edenlerin sayisi da azimsanamayacak
kadar yiiksektir. Arastirma kapsaminda goriisiilen 80 hanenin 47’sinde (%58.8) en az bir kronik hastalig1 olan fert
bulundugu saptanmistir. Ayni zamanda, son bir ay i¢inde 50 hanede (%62.5) en az bir bireyin bir rahatsizlik gegirdigini
belirtmislerdir. Ozellikle son bir ayda gegirilen hastaliklara bakildiginda, hastalik gegirildigini belirten 50 hanenin
30’unda (%60) karin agrisi, bulanti, kusma ve ishal gibi sindirim sistemi rahatsizliklar1 goriildiigii belirtilmistir. Bu
rahatsizliklarim, i¢ilen sudan kaynakli olarak yasandigi hanelerce belirtilmistir. Rahatsizlik yagsayan 50 hanenin 13’0
(%26) gocuklari rahatsizlik gegirirken doktora gotiirmemis, bulunduklari yerde bakim saglamay1 tercih etmistir.

Mevsimlik gezici tarim is¢ilerinin yasadiklart ortamlarda, hasta olma ve bulagma riskini artiran sagliksiz kosullarin
bertaraf edilmesinde, etkin ¢abalarin yoksunlugu gézlenmistir. Saglikli yasam kosullarindan yoksun olma durumu,
tekrarlayan rahatsizliklara neden olmakta ve ozellikle de ¢ocuklar fiziksel rahatsizliklar yasamaktadir. Fiziksel
rahatsizliklarin yaninda, yapilan goriismelerde hem yetigkinler hem de cocuklar tarafindan sikca bahsedilen
bikkmliklar ve mutsuzluklar, zihinsel saglik konusunda da bireylerin baski altinda olduklarin1 gostermektedir.

3.9. Hanelerin beslenme durumu

Gezici mevsimlik tarim isgisi hanelerin %64t (80 hanenin 51°1) yilda 6-7 ay mevsimlik tarim is¢iligi yapmaktadir.
Baslangig olarak erzaklarmi geldikleri memleketlerinden getirirken, uzun siireli kalislarindan dolay gittikleri yerlerde
erzaklarini temin etmektedirler. Genel olarak sogan hasadi i¢in geldikleri Bala il¢esinde, bu isle ugrasan biiyiik
¢ogunlugun meyve ve sebzeye erisimi oldukga gii¢ olmaktadir. Genel fiyat artislarindan dolay1 temel gida maddelerine
erismekte zorluk ¢eken bu kesim, dzellikle ekmek tiretimini kendisi yapmakta, bu iste tamamiyla toplulukta yasayan
kadmlarmn sorumlulugunda olup, tarmm isinin yaninda ekmek iiretimi de kadinlar i¢in ayri bir is yiikii olmaktadir.
Protein ihtiyaglarini karsilamakta genel olarak giicliik gegen haneler, bulunduklar1 mevkide eger mevcutsa, biitgeleri
6l¢iistinde mandiralardan siit iirinlerini karsilamaktadir. Ayni yerlesim yerinde kalan ve olanagi bulunan kisitli sayida
ailenin de kegi, koyun yetistirerek kendi ihtiyaglarini gidermek {izere hayvansal iiretim yaptig1 goriilmektedir.

Hanelerdeki ¢cocuklarin giinliik beslenme durumlarina yonelik olarak, 80 hanenin 51’inde (%64) ¢ocuklarin giinde
en az bir kez taze meyve ve sebze yiyemedigi, 68’inin de (%85) giinde en az bir kez et, tavuk veya balik iceren yemek
ettikleri meyve ve sebzelerden faydalandigi, ancak bu kesimin sinirh oldugu gézlenmistir. Genel olarak, bazi yerlesim
yerlerinde haftalik meyve sebze satisi icin gelen seyyar saticilardan, biitgeleri el verdikge sebze ve meyve satin alimi
yapildigi, sebzenin meyveye gore daha siklikla tiiketildigi goriilmiistiir. Gorlismelerde, temel gida maddelerinin
fiyatlarinin artiginin, alim giiglerini olumsuz etkiledigi belirtilmistir.

Uzun saatler ve yogun olarak tarimsal iretimde bulunan mevsimlik gezici tarim iscileri, ¢aligmak igin iyi
beslenmeleri gerektigini ve bu konuya onem verdiklerini belirtmislerdir. Ancak, sebze ve meyve {iretiminde
bulunmayan is¢ilerin, sebze ve meyveye kisitl erigimlerinin yaninda, ¢gocuklar i¢in 6nemli protein kaynagi olan siit ve
yumurtanin, siit tiriinleri i¢in saklama kosullarinin yoksunlugu ve artan gida fiyatlar1 ile bazen hig¢ erisilemedigi
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eklenmistir. Hanelerde kirmiz1 et, tavuk ve balik tiiketimi ise ayrica ¢ok kisithidir. Balik tiiketimi neredeyse hi¢
goriilmezken, et tiiketimi ise igverenin ikrami ile ya da Kurban Bayrami déneminde gergeklesebilmektedir. Bu agidan,
yeterince meyve ve sebze tiiketim tiiketilememesinin yaninda, hanelerin protein yoksun bir beslenme seklini izlemek
zorunda kaldig1 sdylenebilir.

4. Sonug ve Oneriler

Mevsimlik gezici tarim iggilerinin refahinin ve daha iyi yasam kosullarmm saglanmasi, ¢ok yonli yaklagim
gerektiren bir konudur. Mevsimlik gezici tarim iscileri, tarim sektériinde dnemli bir rol oynamalarina ragmen siklikla
barinma ve ona bagl sorunlarla birlikte, zor yasam ve ¢aligma kosullarmnin getirdigi saglik sorunlari ile kars karstya
kalmaktadir.

Bu caligmada, barinma, temizlik, saglik, beslenme ile enerji, teknoloji ve bilgiye erisim acisindan mevsimlik gezici
tarim iscilerinin hanelerin yasadig1 yoksunluklar ortaya konulmay1 ¢alisilmistir. Bu haneleri, diger yoksunluk yasayan
hanelerden ayiran en 6nemli 6zellik, es zamanli olarak ¢oklu boyutta bu yoksunluklari siddetli sekilde yastyor
olmalaridir. Yalnizca barinma ya da yalnizca temizlik kosullart degil, insanlarm iyi olma halinin bileseni olan tiim
boyutlarda mevsimlik gezici tarim iscileri ciddi yoksunluklar yasamaktadir. Insan Haklar1 Beyannamesi’'nde de
belirtildigi sekilde herkesin kendisi ve ailesi igin insan onuruna yarasir bir yasam saglayacak diizeyde, adil ve elverisli
licretlendirilmeye hakki vardir. Mevsimlik gezici tarim is¢ileri, insan onuruna yarasir yasam kosullarindan yoksun
olarak, iilkenin tarimsal iiretimine katkida bulunmaya ¢alismaktadirlar. Insanoglunun varliginn siirdiiriilebilirligi icin
elzem olan tarim sektoriinde tiretim yapmaya devam eden bu bireyler, tarim sektorii ¢arkinin en 6nemli bilesenlerinden
biridir ve iiretime katkilar1 essizdir. Bu sebeple, mevsimlik gezici tarim is¢ilerinin refahlarinin saglanmasi, onlarin her
boyutta yoksunluklarmin giderilmesi konusu en bagta 6nceliklendirilmesi gereken konulardandir.

En son olarak, 27 Nisan 2024 tarihli Resmi Gazete'de yer alan ‘Mevsimlik Tarmm Iscileriyle ilgili 2024/5 Sayih
Cumhurbagkanhigr Genelgesi’ ile tarim iggisi olarak caligmak igin bulunduklart illerden baska illere gidenlerin ve
ailelerinin bu siiregte yasadigi sorunlarin giderilmesine yonelik yapilacak ¢aligmalarin usul ve esaslari belirlenmistir.
Genelge ile Valilikler, egitim ve sosyal ihtiyaglarin karsilandigi, altyapisi saglanan ‘gecici yerlesim alanlari’nin
olusturulmasindan sorumludur.

Mevsimlik gezici tarim is¢ilerinin yasam kosullari, kendilerine 6zgii ihtiyaglarmi karsilayan kapsamli politikalar
uygulayarak iyilestirebilir. Onlar i¢in, giivenli ve saglikli yasam kosullart saglamak iizere, barinma standartlarmin
olusturulmasmin yaninda, is¢ilerin maddi manevi ¢alisma haklarinin korundugu, isgilerin somiirii ve istismardan
korundugu, is kanunu ve ydnetmeliklerinin uygulanmasi 6nem teskil etmektedir. Ornegin, ana olarak yoksunlugun
hissedildigi barmma gibi boyutun yani sira mevsimlik gezici tarim is¢ilerinin haklarinm1 korumak i¢in ¢aligma
yasalarmin uygulanmasi yaninda, adil licretlerin, makul ¢aligma saatlerinin ve giivenli ¢aligma kosullarinin saglanmasi
ile ilgili de ¢alismalidir. Daha 6nce yiiriitiilmiis arastirma sonuglar1 ve sunulan dneriler de yiiriitiilecek ¢aligmalarin
planlamasinda dikkate alinmalidir. Ornegin, bu &neriler arasinda Sosyal Giivenlik. Kurumu (SGK) tarafindan
mevsimlik gezici tarim isgilerine 6zgii ¢alisan sigortasi olusturulmasi ve il diizeyinde koordinasyon saglanarak
mevsimlik gezici tarim is¢ilerinin yasam kosullarini iyilestirmeye yonelik yeni kaynaklarin olusturulmasi sayilabilir
(Karaman ve ark., 2020).

Genel olarak, mevsimlik gezici tarim isgilerine yasanabilir kosullarin saglanmasma yonelik, ¢coklu cabalarin
etkinligi, ancak olusturulan politikalarm uygulanmasi, kaynaklarin ve uygulama mekanizmalarm etkinligi ile tiim
cabalarin ortak bir bileseni olarak ortaya ¢ikmalidir. Sorunun tek boyutlu sekilde ¢oziilmesi olanakli olmadig: gibi,
ancak tarimsal {iretimin siirekliliginin temel tag1 olan mevsimlik gezici tarim is¢ilerinin refahmnin siirdiiriilebilirligi ile,
esitlik¢i ve siirdiirtilebilir bir tarim sektorii saglanabilir.
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Evaluation of the Effects of Foliar Sulfur Applications on Yield, Evapotranspiration and
Water Use Efficiency of Cotton (Gossypium hirsutum L.) Under Different Irrigation
Regimes

Farkli Sulama Rejimleri Altinda Yapraktan Kiikiirt Uygulamalarinin Pamugun (Gossypium
hirsutum L.) Verim, Evapotranspirasyon ve Su Kullanim Randimanina Etkilerinin
Degerlendirilmesi

Berkant ODEMIS!, Batuhan AKGOL?, Deniz CAN?
Abstract

In this study, it was aimed to determine the effects of foliar sulphur applications on cotton plants exposed to water
stress. It was carried out on ‘Carisma’ variety cotton plant with 3 irrigation level, 3 sulfur doses and 3 replicates,
except for control treatments, in split plots experimental design in randomized blocks. Sulfur in elemental form
was applied at doses of 150 ml da™! (S;), 250 ml da™' (Sz) and 350 ml da™' (S3), except for the control (So) and at
Lioo, Ies, 133 irrigation levels of the available capacity and in the non-irrigated treatment (Io). Irrigation water
amounts varied between 332-1006 mm and 306-928 mm in the 2015 and 2016, and evapotranspiration ranged
between 299-1096 mm and 247- 995 mm, respectively. Evapotranspiration decreased slightly in the first year and
increased in the second year as the sulphur doses increased. The highest yields were 5871 kg ha™! (I100So) and
6148.7 kg ha! (1100S1) in 2015 and 2016, respectively. In comparison to I1go, yield decreased by 70%, 39% and
14% in 2015, 67%, 33% and 8% in 2016 in Io, 133 and Igs, respectively. Sulphur doses caused yield to decrease in
2015 and increase in 2016. Compared to Sy treatment, yield increased by 14%, 1.9% and 8.6% at Si, S; and S3 in
2016. With the decrease in ET, yield (relative to I190) decreased by 73%-70% at Iy, 52%-39% at I33 and 26%-15%
at Ies in the first year, by 75%-67% at Iy, 44%-33% at I33 and 20%-8% at s in the second year, and by 74%-68%
at Io, 48%-36% at I33 and 23%-11% at Iss. Water use efficiency (WUE) was approximately the same in sulfur doses,
while the lowest was determined at 1190 and the highest was determined at Iy and I33. WUE increased as the amount
of irrigation water increased in the second year, but did not show a stable change in the first year. The highest
WUE was calculated in the first year on Is3 (6.3 kg ha'mm™) and in the second year on 10 (7.5 kg ha'mm™).
Sulphur doses did not cause a significant difference in WUE and the highest WUE was determined at Sy (6.0 kg
ha'mm") in the first year and in the second year at S; (6.5 kg ha'mm™"). Sulphur doses did not affect leaf sulphur
concentration in the first year, but statistically in the second year. Mean of two years, the highest leaf sulphur
concentration was measured in Ss.

Keywords: Drought tolerance, Foliar application, Sulfur, Irrigation level, Cotton
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Oz

Bu caligmada, su stresine maruz birakilmig pamuk bitkisine yapraktan kiikiirt uygulamalarinin etkilerinin
belirlenmesi amaglanmistir. Arastirma, Carisma ¢esidi pamuk bitkisinde 3 sulama diizeyi, 3 kiikiirt dozunda 3
tekerriirlii olarak tesadiif bloklarinda boliinmiis parseller deneme deseninde yiiriitiilmiistiir. Denemede, elverisli
kapasitenin 3 farkli sulama diizeyinde (100, Iss, I33) ve susuz konuda (Io) pamuk bitkilerine tanik (So) konusu disinda
150 ml da! (S), 250 ml da™! (Sz) ve 350 ml da™! (S;) dozlarinda elementel formda kiikiirt uygulanmigtir. Sulama
suyu miktarlar1 2015 ve 2016’da sirastyla 332-1006 mm ile 306-928 mm, evapotranspirasyon 299-1096 mm ile
247- 995 mm arasinda degismistir. Evapotranspirasyon (ET), kiikiirt dozlar arttik¢a ilk yil azalmus, ikinci yilda
ise artmustir. En yiiksek verim 2015 ve 2016°da sirasiyla 5871.3 kg ha' (Ii00So) ve 6148.7 kg ha' (1,00S1)
Ol¢iilmiistiir. I1po'e gore verim 2015°de Io, I33 ve Igs konularinda sirastyla %70, %39 ve %14, 2016’da %67, %33
ve %8 azalmistir. Kiikiirt dozlar1 verimin ilk y1l azalmasina ikinci yilda artmasina neden olmustur. Verim 2016’da
(Sova gore) Si, S> ve Sz dozlarinda %14, %1.9 ve %8.6 artmistir. ET'deki azalma ile verim (Ijoo’e gore) ilk yil
Io'da %73 - %70, 133'te %52 - %39 ve 166'da %26 - %15, ikinci yilda ise lo'da %75-67, Ixs'te %44-%33 ve
[66'da %20-%8 ve ortalama 10'da %74 - %68, Iss'te %48 - %36 ve Iss'da %23 - %11 azalmistir. Su kullanim
etkinligi (WUE), kiikiirt dozlarinda yaklasik ayni, sulama konularinda en diisiik Ii00’de en yiiksek Io ve 33> de
belirlenmistir. ikinci yilda sulama suyu miktar1 artttkca WUE artmis ancak ilk yil kararli bir degisim
gostermemistir. En yiiksek WUE ilk yil Is3 konusunda (6.3 kg ha'mm™) ikinci y11 I konusunda (7.5 kg ha'mm")
hesaplanmistir. Kiikiirt dozlart WUE’ nde 6nemli bir fark olusturmamis ve en yiiksek WUE ilk yil Sp konusunda
(6.0 kg ha'mm™) ikinci y1l S; konusunda (6.5 kg ha'mm™) belirlenmistir. Kiikiirt dozlar1 yaprak kiikiirt
konsantrasyonunu ilk yil etkilemezken ikinci yilda istatistiksel olarak etkilemistir. iki yilin ortalamasina gore en
yiiksek yaprak kiikiirt konsantrasyonu S3 konusundan 6l¢iilmiistiir.

Anahtar Kelimeler: Kuraklik toleransi, Yapraktan uygulama, Kiikiirt, Sulama diizeyi, Pamuk
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1. Introduction

Fertilizer management may reduce, increase, or have no effect on the drought tolerance of plants, depending
on the level of water available. This management in drought conditions is complicated, and salinity problems are
also observed in most arid areas. In studies conducted for the relationship between drought and plant nutrients, it
was reported that nutrients could provide additional benefits to the plant apart from their usual functions (Ma et
al., 2004; Garg et al., 2004; Hu et al., 2008; Urkmez et al., 2024). Especially during short dry periods, fertilizer
applications that will prevent physiological decline in the plant and ensure that it remains healthy can increase
yield when the plant is under stress. However, the effectiveness of fertilizers on the plant may change in foliar and
soil applications.

The application of foliar fertilization to alleviate physiological stress has enormous potential (Fernandez et al.,
2013). This is due to the fact that as a plant transitions from vegetative to reproductive stages, the quantity of
photosynthate generated by the leaves is preferentially relocated to the developing fruit and seed, while the amount
reaching to the roots is substantially reduced.

Sulfur is one of the key elements that can be used to increase drought tolerance (Jie et al., 2008). Sulfur, which
activates in 20 days in the soil applications and 8 hours in the foliar applications, plays a significant role in the
realization of photosynthesis (Kacar and Katkat, 2007). It prevents the reduction of chlorophyll content and can
increase the yield of crops by increasing the amount of chlorophyll under stress conditions (Lina et al., 2005). The
decrease in leaf chlorophyll concentration in water and sulfur deficiency is more pronounced in active
photosynthesizing (functional) leaves (Dietz, 1989). In this case, the amount of chlorophyll can be increased with
the sulfur application, and the severity of abiotic stress can be alleviated (Jie et al., 2008). Sulfur also builds protein
structure and plays a fundamental role in the chlorophyll structure (Duke and Reisenaue, 1986). The most typical
symptoms of sulfur deficiency in plants are yellowing of young leaves due to a decline of protein and chlorophyll
synthesis, decrease in hydraulic root permeability, stomatal openings, net photosynthesis, and chloroplast numbers,
and decrease in leaf area (Marschner, 1995). It was determined that the chlorophyll content of wheat under drought
stress increases with the sulfur application (Lina et al., 2005), and the chlorophyll content of functional leaves
decreases in cases of sulfur deficiency (Jie et al., 2008). Researchers suggested that with the application of sulfur,
stress is reduced, and productivity is increased. Ghaznavi and Abdolshahi (2011) reported that drought stress
reduces yield by 39.37% in wheat, and with 100 kg ha! potassium sulfate application, the yield increases by 8%
in full irrigation and 10% under drought stress. The increase in yield under stress depends on sulfur metabolism,
sulfate transport, and sulfate assimilation in the leaves. Besides, sulfur deficiency causes a decrease in protein
synthesis and the activities and efficiency of sulfur-containing amino acids in the structure of amino acids (Chan
etal., 2013).

In this study, the effect of foliar sulfur applications was investigated to reduce the effect of stress on cotton
plants exposed to water stress. This research also determined the effects of sulfur applications on
evapotranspiration, water use efficiency, and leaf sulfur concentration as well as seed yield.

2. Materials and Methods
2.1. Study area

The research was conducted in the Amik Plain in the Eastern Mediterranean Region. The soils of the experiment
area were determined as silty clay loam, and the irrigation water was determined as C,S; (7able I). According to long-
year (1945 - 2006) climate data, the average temperature is 20°C. The climate data measured during the experiment
are given in Table 2.

2.2. Experimental design

The research was carried out with foliar applications of 3 doses of elemental sulfur, 4 irrigation levels, and 3
replicates for each irrigation level, in split plot experimental design in randomized blocks. Since the primary purpose
of the experiment was to determine the contribution of sulfur doses to drought tolerance, irrigation levels were the main
experiments, and sulfur doses were the sub-experiments. Each irrigation plot was created from 4 plant rows. The plot
lengths were determined as 15 m, and the replicate plot lengths were determined as 5 meters. Two meter rows of buffer
plants were left between the plots, and 2 rows of buffer plants were left between the irrigation plots. The interrow
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spacing was arranged as 0.70 m and the intra-row spacing as 15 cm. Thus, approximately 100 plants were planted in
each row. Carisma variety cotton with high adaptability and yield potential was used as the research material.

2.3. Irrigation treatments

The first irrigation was performed when 50% of the available water was consumed, and subsequent irrigations were
performed to replenish the deficit soil moisture (approximately 6 days apart). The experiments were arranged as a no-
irrigation treatment (Io), a full irrigation treatment (I100) in which deficit moisture was brought to field capacity, and
66% (Iss) and 33% (I33) of the full irrigation treatment. Soil moisture content was measured weekly by gravimetric
method in all experiments and replications and the required amount of irrigation water was calculated using Equation
1.

I=(d*A*P)/Ea (Eq.1).

I: Amount of irrigation water to be applied to full irrigation treatment (100%), d: The amount of irrigation water
required (mm), A: Plot area (m?), Ea: Water application efficiency, (0.95). P: Percentage of wetted area (%). Whether
or not the targeted irrigation area was reached was checked after irrigation.

Table 1. Some soil characteristics of the experimental field

Depth Sand  Silt  Clay o~ . pe, CaCO: N ﬁ;gt' FC PWP

(em) (%) (%) (%) (%) (%) (%)' (e (gg-h

0-30 5952 1528 252 SiCL  7.55 1124 2265 142 033 213 13.4 1.660
30-60 57.52 19.28 23.2 SiICL  7.62 560 0.680 1.65 034 241 14.2 1.676
60-90 5352 17.28 29.2 SiCL  7.80 429 0905 2.01 038 250 14.5 1.540
193(_) 61.52 1528 232 SiCL  7.65 400 0300 2.12 037 252 14.7 1.489

FC: field capacity and PWP: permanent wilting point are given as the percentage of water by weight. As: bulk density (g cm?), ECe: Electrical
conductivity of soil paste (umhos cm™).

As

Table 2. Climate data of experimental years (2015 — 2016)

Years Climate Parameters May June July August  September Mean
Temperature (°C) 21.92 24.59 27.35 28.95 27.60 26.09
o Precipitation (mm) 19.4 0.00 0.00 1.2 0.00 20.6
= Solar Rad. (wm™) 278.88 295.92 294.20 261.63 199.99 266.108
s Soil Temp. (°C) 24.88 27.74 30.17 31.57 30.09 28.89
Wind Speed (km h™" 5.59 8.20 8.39 6.40 4.17 6.55
Temperature (°C) 21.26 26.41 28.39 28.46 25.13 25.93
o Precipitation (mm) 3.23 14 16 119.2 0.0 149.2
= Solar Rad. (wm™) 256.36 305.12 311.56 279.32 234.00 277.27
@ Soil Temp. (°C) 22.44 27.37 30.29 30.63 26.65 27.48
Wind Speed (km h™V 5.31 6.19 7.59 6.60 4.06 5.95

2.4. Sulfur treatments

Sulfur was not detected in the soil of the area where the experiment was conducted as a result of the analysis of the
turbidimetric barium method (Kowelenko et al., 2014). A large part of Turkey’s soils is insufficient in terms of sulfur
content. While the absorption time of sulfur by the plant in soil application is about 20 days, this period is only 8 hours
in the foliar application (Kacar and Katkat, 2007). Therefore, since it is aimed that the plant recovers from the stress in
a shorter time, sulfur applications are realized only as foliar applications. The sulfur doses applied in the experiment
were determined in line with the recommendations of the academicians working on sulfur.

So: N, P, K soil application

Si: N, P, K soil application + 150 ml da™! foliar elemental sulfur application
S2: N, P, K soil application + 250 ml da™! foliar elemental sulfur application
Ss: N, P, K soil application + 350 ml da™! foliar elemental sulfur application

Liquid elemental sulfur in a volume of 720 g sulfur I'' was used in the experiment. The most sensitive period to
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water stress in cotton plants is the flowering period (Loka and Oosterhuis, 2012). Hence, sulfur applications were
applied only during the square and flowering periods of the cotton plant (10% from square to 10% boll growth). In the
cotton experiments carried out before in the experimental area, it was determined that 5 irrigations were made with the
drip irrigation method during the square and flowering period (Akgo6l, 2012). The amount of seasonal fertilizer required
for the plant was applied by dividing it equally by the number of irrigations to be made during the square and flowering
periods. Fertilization was done in the middle of the two irrigations (3 or 4 days after irrigation) in the early morning
hours (6.00-6.30), when the wind did not affect the fertilizer distribution adversely. In order to prevent differences in
the concentration of fertilizer applied to the same experiment on different dates, the amount of water consumed from
the portable pulverizator was tested with a water-filled sprayer in another area of the same size before each application,
and after determining the amount of reduced water, the calculated liquid sulfur amount was mixed into this volume,
and the application was carried out. Since it was planned to realize approximately 4 irrigations during the flowering
period, the application was made by dividing each sulfur dose into 4. In the application with the portable pulverizator,
the same person fertilized so that there was no difference between the walking speeds of the practitioners.

Nitrogen (N), Phosphorus (P), and Potassium (K) fertilizers required by cotton are equal to all experiments and at
the dose rate commonly used in the region: Before planting, 20 kg da™! of 18-46-0 (DAP) fertilizer was applied, and
after planting, 4 kg da™! of nitrogen fertigation method was applied in each of the first 4 irrigations (Singh et al., 2021).

2.5. Leaf Sulfur Analysis

Leaf samples were collected at different plant growth stages (square, flowering initiation, full flowering, and
boll formation periods) to determine the effects of the applications on the sulfur concentration in the leaves. In the
sampling, 5 upper leaves, which were functional in 2 plants, were collected in each replicate. The collected samples
were crushed with a mortar in the laboratory, and 2-3 milligram samples for each replicate were analyzed in the
Truspec CHNS Analyzer device.

2.6. Harvest

Irrigation treatments (6 plant rows and 0.70 m interrows) were formed from 4.2 m wide and 5 m long replicate
plots. The harvest was made from the remaining 14 m? replicate area after removing 1 m from the beginning and
end of each row and 1 row from the right and left. Since each treatment has 3 replicates, the total harvest area is
calculated as 42 m?.

2.7. Evapotranspiration (ET)

From the beginning of the trial to the harvest date, changes in soil moisture were measured with the gravimetric
method before each irrigation, and the weekly evapotranspiration was calculated according to the “Soil Water
Budget” method (Equation 2).

ET=1+R+Cr—Dp—Rf + AS (Eq.2).

In equation, ET: Evapotranspiration (mm); I: Amount of applied irrigation water (mm); R: Precipitation (mm);
Cr: Capillary rise (mm); Dp: Deep percolation (mm) (Measured from 120 cm depths of full irrigation treatments
approximately 24 hours after irrigations); Rf: Runoff flow (mm); £AS: The moisture changes in the soil profile
(mm 90 cm™). In the equation, precipitation (R) was determined from the pluviometer in the research area, and AS
was determined by the gravimetric method. Since drip irrigation is used in the system, the runoff flow (Rf) was
not calculated.

2.8. Water Use Efficiency

Water use efficiency (WUE) was calculated using evapotranspiration and yield values (Howell et al., 1984).
(Equation 3).

WUE =Ya / ET (Eq. 3).

In the equation, WUE: Water use efficiency (kg ha! mm™), Ya: Cotton yield from treatments (kg ha'), ET:
Evapotranspiration (mm)
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2.9. Analysis and Evaluation of Data

All data measured during the experiment were evaluated by statistical method in accordance with the split-plot
experimental design in randomized blocks and subjected to analysis of variance. The averages of the data obtained
as a result of measurement and analysis were compared by Duncan Test (Bek and Efe, 1988).

3. Results and Discussion
3.1. Irrigation Water

Irrigation water amounts were at the same level on average in both years. In the first and second years, 91 -
149 mm, 423 - 456 mm, 755 - 771 mm, and 1097 - 1078 mm irrigation water (including precipitation) was applied
to o, I3, Iss, and Ijoo irrigation experiments, respectively (7able 3). Full irrigation treatment (I100) received 1097
mm and 1078 mm irrigation water in the first and second year. The maximum irrigation water requirement was
calculated during the flowering period in both years. In the first year, 591 mm of irrigation water was applied to
the sulfur treatments, and 613 mm in the second year. In the previous studies carried out in the experimental area,
the irrigation water requirement was determined as 483-602 mm in 6-7 irrigations in 2012 (Can, 2017), and at the
level of 1135 mm in 10 irrigations in 2017 (Kazgdz Candemir and Odemis, 2018). This indicates that the amount
and number of irrigation water applied to cotton increases over time in the Amik Plain. Although the soil, plant
variety, and irrigation method are the same, it is thought that the most important factor in increasing the irrigation
water requirement is the change in climate parameters. The Amik Plain is the second region in Turkey, with
continuous wind throughout the year. The fact that the plain has a large area significantly increases the cumulative
temperature and the amount of evaporation in the wind direction. This causes the irrigation water requirement to
be higher than other plains. Studies conducted in other regions also suggest that factors such as seasonal
temperature fluctuations, wind speed, and soil moisture differences in planting dates cause changes in irrigation
water requirement and irrigation number (Yavuz, 1993; Cetin and Bilgel, 2002; Yazar et al., 2002; Unlii et al.,
2011).

Table 3. Mean values of irrigation water, yield, and WUE in irrigation level and sulfur doses *

Amount of
Treat. irrigation water  Evapotranspiration (mm) Yield (kg ha™) WUE (kg halmm™)
(mm)
2015 2016 2015 2016 2015 2016 2015 2016
Io 91 149 299 247 1630.4 d 1859.7d 5.4 7.5
I3; 423 456 525 558 33084 ¢ 3707.8 ¢ 6.3 6.6
Iss 755 772 817 797 4652.8b 5097.0 b 5.7 6.4
T1oo 1097 1078 1096 996 5421.6 a 55552 a 4.9 5.6
So 591 614 702 628 42223 a 3815.6¢ 6.0 6.1
Si 591 614 685 677 36352 b 4369.2 a 53 6.5
S, 591 614 683 651 3599.3b  3889.8 bc 53 6.0
S; 591 614 668 641 3556.5b 4145.1 ab 5.3 6.5
2015-2016 2015-2016 2015-2016 2015-2016
Treat.
(mean) (mean) (mean) (mean)
Io 120 273 1745.1d 6.4
Is; 439 542 3508.1 ¢ 6.5
Iss 763 807 48749 b 6.0
T1oo 1087 1046 5488.4 a 5.2
So 602 665 a 4019.0 a 6.0
Si 602 681 a 4002.2 a 5.9
N} 602 667 b 37445 ¢ 5.6
S3 602 655 ¢ 3850.8 b 5.9

WUE: Water use efficiency, “The values for yield and evapotranspiration presented in the table were previously published by Odemis et al.,
2022.
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3.2. Evapotranspiration

The highest and lowest evapotranspiration (ET) were measured from the Ii0o and Ip treatments in both years.
Evapotranspiration in the first and second years was determined as 299 - 247 mm in lo, 525 - 558 mm in I3, 817 -
797 mm in Igs, 1096 - 996 mm in 119 (7able 3). Evapotranspiration decreased slightly as the sulfur dose increased
in the first year but was higher in the second year (compared to So). In the second year, lower ET was realized in
S; (150 ml da'!) than other doses. On average, evapotranspiration at sulfur doses ranged from 681 mm (S;) to 655
mm (S3). It was determined that the amount of irrigation water was more effective on the difference in
evapotranspiration between the treatments, while sulfur applications did not make a significant difference.
Evapotranspiration decreased as the sulfur dose increased in the cotton plant exposed to the same sulfur doses and
longer stress in the same area. Especially in the vegetative period, the K, dose (250 ml da™!) of the treatments that
was non-irrigated during the other growth periods decreased by 15.35% (Kazgdz Candemir and Odemis, 2018).
The decline in soil moisture causes a decrease in leaf water content. In cotton leaves exposed to stress, wax content
(Whullschleger and Oosterhuis, 1987) and leaf cuticle thickness increase (Oosterhuis et al., 1991), transpiration,
and thus evapotranspiration may decrease. Therefore, when environmental pollutants are considered in plants
exposed to water stress, foliar fertilization can partially reduce evapotranspiration.

3.3. Yield

The yield was affected negatively by sulfur doses and positively by irrigation levels in the first year, while
positively affected by both sulfur doses and irrigation levels in the second year (7able 4). The most important
factor affecting yield in cotton is water stress. The yield decreases depending on the severity and duration of the
stress and the plant development period in which it occurs. The water stress experienced from the square initiation
period to the period when the first flower appears causes a great decrease in yield (Krieg, 1997).

Table 4. Variance analysis table for cotton yield and leaf sulfur content

Years Yield (kg ha) Leaf sulfur content (%)

Source of Variation df F df F

Irrig. lev (I) 3 wkE 3 ok

Sulfur Dose(S) 3 wkE 3 ns

2015% I*S 9 ns 9 ok
Error 32 155

Irrig. lev (I) 3 Rl 3 ok

Sulfur Dose(S) 3 *E 3 *x

2016 I*S 9 ns 9 ns
Error 32 167

Irrig. lev (I) 3 Rl 3 ok

Sulfur Dose(S) 3 *E 3 ok

Year (Y) 1 Rl 7 Rl

2015 I*S 9 ns 9 HoAk

-2016 I*Y 3 ns 18 HoAk

I*S*Y 9 ns 48 HoAk
Error 64 323

df: degrees of freedom, ns: non significant *Sulfur doses in the first year negatively affected the yield.

In the first year, the highest yield was obtained from I100So with 5871 kg ha™!, and in the second year from 1100S1
with 6148.7 kg ha!. The average yield value of both years was determined for the highest I100S: treatment (5653
kg ha'). Average seed yields were higher in the second year (Tablo 5). The highest and lowest yields for sulfur
treatments were determined for So and S3 (3557 kg ha! and 4222.3 kg ha™!). The lowest yield So (3816 kg ha™')
and the highest yield S; (4369 kg ha™') were determined in the second year. Oztiirk and Korkut (2018) reported
that under fully drought stress condition grain yield of wheat decreasing was 40.1%, under shooting stage of
drought 28.0%, and during grain filling period of drought 26.2%.

3.4. Water use efficiency (WUE)

WUE generally increased as the amount of irrigation water decreased. It decreased linearly as the irrigation
water increased in the second year, while an unsteady change was found in the first year. The mean highest WUE
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was calculated for the first year in the I5; treatment (6.3 kg ha”'mm') and the I treatment for the second year (7.5
kg ha'mm) (Table 3).

Sulfur doses did not cause significant differences in mean WUE. WUE was determined at the same level (5.3
kg ha'mm") in treatments other than Sy in the first year. In the second year, the highest WUE was observed in S,
and S; doses (6.5 kg ha'mm™'). The average WUE values of both years were at approximately the same level.

Table 5. Values in the experimental years of evapotranspiration, yield, and water use efficiency

2015 2016 Mean 2015 2016 Mean 2015 2016 Mean

Treat.

ET Yield WUE
LoSo 305.88 205.86  255.87  2060.0 1824.3 1942.2 6.7 8.9 7.6
N 304.73 276.08  290.40  1530.8 1902.3 1716.6 5.0 6.9 59
oS> 292.73 235770  264.21 1309.5 1743.0 1526.3 4.5 7.4 5.8
IoSs 294.10 271.25  282.67 16214 1969.0 1795.2 5.5 7.3 6.4
JEENT 530.73 535.68 53320  3752.6 3336.0 35443 7.1 6.2 6.6
1335, 524.73 57596 55034  3262.2 3930.0 3596.1 6.2 6.8 6.5
IS, 523.73 572.05  547.89  3097.8 3682.7 3390.2 5.9 6.4 6.2
JEENE 521.73 549.26 53550  3121.1 3882.3 3501.7 6.0 7.1 6.5
Ts6So 836.96 763.02  799.99  5205.3 5180.3 5192.8 6.2 6.8 6.5
Ts6S1 825.54 835.80  830.67 4591.1 5495.7 5043.4 5.6 6.6 6.1
T66S2 815.42 800.47  807.95  4499.2 4800.7 4649.9 55 6.0 5.8
T66S3 790.96 787.02  788.99 43155 4911.3 4613.4 55 6.2 5.8
L100So 1133.73 1006.8 1070.2  5871.3 4921.7 5396.5 5.2 4.9 5.0
LigoS: 1086.60 1021.5 10542  5156.6 6148.7 5652.6 4.7 6.0 54
LioS2 109935 99540 1047.4 54904 5332.7 5411.5 5.0 54 52
L100S3 1065.57  958.38 10119  5168.2 5817.7 5492.9 4.9 6.1 54

ET: Evapotranspiration (mm), Yield, kg ha!, WUE: Water Use Efficiency, kg ha! mm!
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Figure 1. WUE values of irrigation and sulfur treatment
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Figure 2. Mean values of WUE in irrigation treatment
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Figure 3. Mean values of WUE in sulfur doses

In the interactions of irrigation level x sulfur dose, the highest was determined for WUE 153S at 7.1 kg ha’!
mm ' in the first year, and the lowest was determined for 1S (4.5 kg ha! mm™) (Table 5). WUE ranged from 8.9
kg ha! mm™ (ISo) to 4.9 kg ha' mm™' (1,00S¢) in the second year. In the average values of both years, the highest
and lowest WUE was calculated as 7.6 kg ha™! mm! for ISy and 5.2 kg ha™' mm™'for I;0S..

Studies report that WUE varies depending on the plant variety, leaf shape, amount of water stored in the soil,
climatic conditions, and plant development periods. Karam et al. (2006) determined WUE values as 1.3, 1.1, 1.0,
and 0.80 kg ha"! mm™! in cotton during the first boll opening, boll formation, and the middle of the boll formation,
and control. Hussein et al. (2011) determined the WUE value as 0.65 and 0.70 kg m™ in the first year and as 0.65
and 0.72 kg m™ in the second year in the full irrigation treatment and 80% of the full irrigation was applied,
respectively. Zonta et al. (2017) calculated the WUE value between 0.39 and 0.84 kg m™in 8 cotton varieties. In
studies conducted in Turkey, WUE was determined between 4.87 kg ha! mm™ and 12.6 kg ha! mm'! in different
climatic regions (Cetin and Bilgel, 2002; Dagdelen et al., 2006). These results obtained in the literature were found
to be in line with the results of current study.

3.5. Irrigation Water - Yield Relationships

As the amount of irrigation water increased in both years of the study, the seed yield also increased (Figure 4).
Polynomial and significant regression relationships were found between irrigation water and yield in both years.
The highest yield (1100=5422 kg ha™') on average in the first year was obtained from the full irrigation treatment.
Based on Ii0o, yield values decreased by 70%, 39%, and 14%, respectively, in Io, [33, and Iss treatments. It was
determined that when the amount of irrigation water decreased by 31% in Ies, the yield decreased by 14%, and in
I33, when the irrigation water decreased by 61%, the yield decreased by 39%. In the second year, the yield
decreased 67% in 1o, 33% in 153, and 8% in Igs, compared to the full irrigation treatment (1100= 5555 kg ha™!), where
the highest yield was obtained. Compared to 10 treatment, 28% (Iss) and 58% (I33) reduction amounts in irrigation
water caused an 8% and 33% decrease in yield.
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Figure 4. The relationships between the amount of irrigation water and yield
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Vegetative and generative characteristics are significantly reduced in drought-exposed plants (Oguz et al.,
2022). Before study indicates that irrigation has a decisive role in cotton yield. It was also reported that water
stress, which occurs in conditions where irrigation is not done or not sufficient, disrupts the hormonal balance that
is a key element in the shedding of square and bolls in cotton (Guin et al., 1990), irrigation increased the number
of bolls per unit area by 30% and the fiber yield by 35%, but it did not change the boll seed weight (Pettigrew,
2004). Another study determined that the irrigation water requirement increased significantly in the Harran Plain,
where the average temperature and vapor pressure deficit were high, and a cotton yield of 5850 kg ha™! was obtained
at 868 mm irrigation water requirement (Yazar et al., 2002). However, in Cukurova Plain, where the relative
humidity and temperature are high, the yield was obtained between 1970-4220 kg ha'! in the irrigation water
requirement varying between 322 - 472 mm (Ertek and Kanber, 2003). Again, in the Harran Plain, the highest
yield in irrigation applications made with row, sprinkler, and drip methods was obtained from the drip irrigation
method, which is 30% higher than sprinkler irrigation and 21% higher than furrow irrigation (Cetin and Bilgel,
2002). The results of the water-yield relationship obtained in areas similar to the climate of the region where the
research was conducted are in harmony with each other. However, in the area where this research was conducted,
it was observed that the irrigation water requirement for cotton increased almost every year. While the irrigation
water requirement was 589 mm in 6 irrigations in 2012 (Can, 2017), it increased to 1135 mm in 10 irrigations in
2017 (Kazgdz Candemir and Odemis, 2018). It is considered that the increase in the need for irrigation water is
due to the increase in the amount of evaporation and transpiration due to the extraordinary increases in temperature
and wind speed in the irrigation season in some years.

3.6. Evapotranspiration- Yield Relationships

A high correlation coefficient was obtained between evapotranspiration (ET) and yield (Figure 5). A 1 mm
increase in ET led to an increase of 4.7 kg ha! in the first year and 5.1 kg ha! in the second year. The increase in
sulfur doses did not cause a significant change in evapotranspiration. Compared to the oo treatment, the yield
reduction due to the decrease in ET was 73% - 70% in I in the first year, 52% - 39% in I33, and 26% - 15% in I¢.
In the second year, compared to the I;oo treatment, the reduction rate in ET decreased by 75%-67% in 1o, 44% -
33% in I33, and 20% - 8% in I¢s. The mean values of both years decreased by 74% - 68% in Iy, 48% - 36% in Is3,
and 23% - 11% in I66~

7000

®2015
6000 | ©2016 °© o
%2015-2016 .
5000
E
= 4000
=
% 3000 };i4.725;:521.1
2 1= 0.93%%(2015)
2000 @, y=5.08x+755.8
7= 0.94%%(2016)
1000 y— 4.88x + 643.6
0 12= 0.96**(mean)
0 200 400 600 800 1000 1200

Evapotranspiration (mm)

Figure 5. The relationships between evapotranspiration-yield
3.7. Sulfur Doses - Yield Relationships

The average highest yield in sulfur doses was obtained from the Sy experiment (4222.3 kg ha™!) in the first year
and the S; treatment (4369.2 kg ha'!) in the second year (Table 5).

It is thought that the air temperature was higher than expected in the first year of the experiment, and the desert
dust that stormed in some periods partially prevented the foliar sulfur intake. This situation caused instability in
the contribution of sulfur doses to yield.

The highest yield (except for IS3) was obtained in the second year from the S; (150 ml da™!) doses of irrigation
treatments. The 1100S; treatment was the one with the highest yield (6148.7 kg ha!). Compared to the Sy dose, the
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yield of the S; dose increased 18% in I33, 6% in Iss, and 25% in I100. The lowest average yield was obtained from
a non-sulfur (Sy) treatment (3815.6 kg ha™!). In the second year, the increase of the sulfur doses only up to the S;
dose was evaluated as the result of the stress in the plant after a certain level of the sulfur dose. On the other hand,
the S; dose caused higher efficiency than other doses in I33 and I¢s treatments with deficit irrigation. Sulfur is an
effective element in increasing the amount of yield (Jie et al., 2008; Lina et al., 2005). However, foliar and soil

application cause differences in the assimilation time of sulfur. Kacar and Katkat (2007) expressed that sulfur can
be used effectively in the plant in 20 days in the soil applications and 8 hours in the foliar applications. Xinhua et
al. (2011) pointed out that the soil application of 22 and 34 kg of S ha"! increased the yield by 8 - 10% on average
compared to the control (non-sulfur) application, and it partially affected the fiber quality characteristics. On the
other hand, Hu et al. (2008) found out that although there was a decrease in evapotranspiration, shoot fresh and
dry weight, leaf fresh and dry weight in maize plant under drought and salinity stress; foliar fertilization did not
improve plant growth and development under short-term drought or salt stress. It was also determined that the
application of sulfur in the form of elemental S or sulfate compounds affects the usefulness, and elemental sulfur
is less effective than sulfate-S fertilizer in increasing the seed yield of the canola plant. Elemental sulfur was
generally found to be less effective than sulfate-S fertilizer, even after perennial applications, especially when
applied in the spring (Malhi et al., 2005).

In the same period as this research, in another study conducted at the same doses and in adjacent parcels, the
response of foliar application of elemental sulfur to long-term water stress was researched (Kazgdz Candemir and
Odemis, 2018). In that study, full irrigation was applied to the cotton plant during the emergence period, and the
development periods were divided into 3 (vegetative development period, flowering and boll growth period, and
boll opening period). In some of these periods, full irrigation (T) was applied, and in some periods, non-irrigation
(O) was applied. The study concluded that the effect of foliar application of sulfur on OOO, TTT, TOO, and TOT
treatments was evident. The highest yield was determined for TTTS; (5600 kg ha™") treatment. These results show
that many factors are instrumental in the effectiveness of sulfur on the plant. In addition to stress conditions, air
quality also plays an important role in foliar fertilizer application. Besides the decreased transpiration due to stress,
dust accumulated in the leaf surface layer prevents sulfur assimilation from the leaves.

The effect of the applied sulfur doses on the sulfur concentrations (Lsc) in the leaves differed depending on the
years (Table 4). The foliar sulfur application did not affect the leaf sulfur concentration in the first year, but it was
effective in the second year. Foliar sulfur concentration increased in the first year at Iy and I3 irrigation levels
depending on the sulfur doses, while it decreased at I¢s irrigation levels. The increase in irrigation level in the
second year caused a linear increase in leaf sulfur concentrations (7able 6). A similar case was observed in the
average values of both years. The highest leaf sulfur content was measured from the treatments to which the S3
dose was applied. Nutrients penetrate the leaf in two ways: passing through the stoma or outer cuticle. It is
generally accepted that most of the nutrient uptake occurs through the cuticle (Fernandez et al., 2013), but solutions
can also enter the leaf indirectly through the stoma (Fernandez and Eichert, 2009). The cuticle, in general, has a
feature that limits the penetration rate of the nutrient element into the leaf (Fernandez et al., 2017). The surface
tension properties of the element in the applied solution are important in stoma penetration. While the surface
tension of surfactants in chemical sprays is about 30 Mn m!, organosilicon surfactants can reduce their aqueous
surface tension to about 20 Mn m™! and allow nutrient entry through stomata (Stevens et al., 1992). Ion uptake
rates in foliar fertilization are higher at night when the stomata are closed than during the day when it is open
(Oosterhuis, 2009). In cotton, nutrients dissolved in the foliar application are unlikely to penetrate directly into
leaf tissue through open stomata. This is because cotton has prominent stomatal protrusions and an inner cuticular
layer covering the stoma (Wullschleger and Oosterhuis, 1989). The cuticle layer here is considered a limiting
factor for foliar penetration (Fernandez et al., 2017). In our study, since foliar applications were made in the
morning hours, the penetration of sulfur into the leaf was possible via cuticle rather than stoma. The contraction
of the cuticle caused by water stress and the atmospheric dust that limits the penetration made the penetration of
sulfur through the cuticle layer almost impossible in the first year. Less exposure of the atmosphere to dust during
the fertilization process in the second year may have partially facilitated the penetration of sulfur.
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Table 6. Leaf Sulfur Content (%)

Treat. 2015 2016 Mean
L6So 0.4406 0.7567 0.5987
IoS; 0.6387 0.7650 0.7018
IS 0.7148 0.7450 0.7299
IoS;3 0.7254 0.7583 0.7419
JEENTY 0.3766 0.7017 0.5391
LS, 0.7391 0.9275 0.8333
EEN) 0.7421 0.7867 0.7644
L33S;3 0.8531 0.8342 0.8436
Ls6So 0.8124 0.7917 0.8020
T66S:1 0.4206 1.0117 0.7161
L66S2 0.4082 0.8942 0.6512
L66S3 0.9018 0.9292 0.9155
L00So 1.3364 0.9300 1.1332
Li00S1 1.2469 1.0375 1.1422
Li00S2 0.4703 1.0458 0.7580
L100S3 1.0764 0.9858 1.0311

So 0.7184 ab 0.7950 b 0.7567 b
S 0.7519 ab 0.9354 a 0.8437 a
Sz 0.5939b 0.8679 ab 0.7309 b
Ss 0.8766 a 0.8769 a 0.8767 a
Io 0.630b 0.756 c 0.6930 ¢
L33 0.678 b 0.813 ¢ 0.7455 b
Leo 0.636 b 0.907b 0.7715b
L0o 1.033 a 1.000 a 1.0165a

The relationship between leaf sulfur content and yield was significant in the second year and insignificant in

the first year (Figure 6).

4. Conclusions
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Figure 6. The relationships between yield and leaf sulfur content

The decrease in the amount of chlorophyll in drought stress causes a decrease in photosynthesis. Past research
concluded that with sulfur applications, chlorophyll concentration could be increased, and the reduction of

photosynthesis can be prevented. The inactivity of sulfur poses a disadvantage in soil application, and environmental
conditions (atmospheric pollution, extreme temperature, and cultural practices) must be suitable for successful foliar
application. To this end, the decrease in leaf moisture content due to the decrease in soil moisture content reduces the
penetration area by disrupting the physical structure of the leaf cuticle (Kannan and Charnel, 1986) and may prevent
the penetration of nutrients into the leaf (Oosterhuis et al., 1991). Therefore, in addition to the stressful conditions in
the first year, it was thought that atmospheric dust caused stress by making it difficult to penetrate sulfur in the leaf
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surface layer. Besides, atmospheric dust and sulfur application caused layering on the leaf surface and decreased
evapotranspiration and WUE. The absence of atmospheric pollutants (desert dust) seen in the first year during the
growing period of cotton in the second year increased the penetration ability of sulfur. About 150 mg elemental sulfur
application per decare increased the yield significantly. Especially at the I3 irrigation level, yield increased from 3340
kg ha! (So) to 3930 kg ha! (S;) in the second year was evaluated as a significant increase, and it was determined that
the mentioned dose could be used in the short-term drought stress condition.

Despite the necessity of S fertilization for optimum plant productivity (Chan et al., 2013), very few research was
published on the use of S fertilizer in the last 10 years in cotton-growing climatic regions. The lack of information on
the effects of sulfur deficiency on cotton yield elements shows a need for long-term studies in different climatic areas.
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Usability of 'Pink Pearl' 'Aiolos' and 'Blue Jacket' Hyacinth (Hyacinthus orientalis L..)
varieties with Pre- and Postharvest Boric Acid Application as Cut Flowers*

Hasat Oncesi ve Sonras1 Borik Asit Uygulanmis ‘Pink Pearl’ ‘Aiolos’ ve ‘Blue Jacket’
Stimbiil (Hyacinthus orientalis L.) Cesitlerinin Kesme Cigek Olarak Kullanilabilirligi
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Abstract

The study aimed to investigate the effect of boric acid (BA) treatments on availability of 'Pink Pearl' 'Aiolos' and
'Blue Jacket' hyacinth varieties as cut flower. For this purpose, 0, 50, 100 and 150 ppm boric acid doses were
applied to hyacinths in pre- and post- harvest period. Boric acid (BA) was sprayed to leaves before harvest, while
mixed into vase solution after harvest. The potted hyacinth plants were placed in a high plastic tunnel after
stratification. The temperature in plastic tunnel kept at 18-20 °C during the cultivation. Pre-harvest treatments were
performed as spraying prepared BA solutions to the leaves when the leaves reached to full size. During the
vegetation period, the qualitative and quantitative parameters such as total leaf number, spike stalk length, leaf
color (L* and hue (h°®)), leaf chlorophyll (SPAD) value, total floret number, leaf length, total plant length, and total
blooming spike number were measured. After harvest, hyacinth plants were placed in vase solution and monitored
for post-harvest strength under 12 hours light/12 hours dark photoperiod conditions. Water uptake, the spike stalk
length, and the vase longevity of the spike were observed during the vase life period. The BA treatments did not
show any significant effect on the vase life of the hyacinth spike. The 150-ppm BA, however, improved leaf quality
by increasing leaf chlorophyll and h® values while decreasing L* values. In conclusion, it can be suggested that
the Aiolos’ cultivar has a potential as cut flower due to its longer plants and flower stems both in pre- and post-
harvest period, as well as its longer vase life. Among the BA applications, it was concluded that the 100 ppm
application is a viable option for increasing water uptake and reducing weight loss during the vase period.

Keywords: Hyacinth, Boric acid, Spike stalk length, Chlorophyll SPAD, Vase life
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Usability of 'Pink Pearl' 'Aiolos' and 'Blue Jacket' Hyacinth (Hyacinthus orientalis L.) varieties with Pre- and Postharvest Boric Acid Application as Cut Flowers

Oz

Calismada borik asit (BA) uygulamalariin ‘Pink Pearl’ ‘Aiolos’ ve ‘Blue Jacket’ siimbiil ¢esitlerinin kesme ¢igek
olarak kullanilabilirligi tizerine etkilerinin incelenmesi amaglanmistir. Bu amagla siimbiillere hasat oncesi ve
sonrasi déonemde olmak iizere 0, 50, 100 ve 150 ppm dozlarinda borik asit uygulanmistir. Borik asit hasat dncesi
yapraklara puiskiirtme seklinde uygulanirken hasat sonrasinda vazo ¢ozeltisine karistirilarak uygulanmistir. Soguk
katlama uygulamasimin ardindan stimbiil bitkileri plastik tiinele alinmistir. Yetistirme sirasinda plastik tiinelin
sicakligi 18-20 °C arasinda tutulmustur. Hasat 6ncesi borik asit uygulamalar1 yapraklar tam biiytikligiinii aldiginda
puskiirtme seklinde yapilmistir. Vejetasyon siiresi boyunca, toplam yaprak sayisi, basak sap1 uzunlugu, yaprak
rengi (L* ve hue (h°)), klorofil (SPAD degeri), toplam kandil sayis1, yaprak uzunlugu, toplam bitki uzunlugu ve
toplam ciceklenen basak sayilar1 gibi kalitatif ve kantitatif parametreler 6l¢tilmistiir. Hasattan sonra stimbiil
bitkileri vazo ¢ozeltisine yerlestirilmis, 12 saat aydinlik/12 saat karanlik foto periyot sartlarinda hasat sonrasi
dayanimi agisindan izlenmistir. Bu siire¢ boyunca ise su alimi, bagak sapi uzunlugu ve vazo omrii gozlem ve
Ol¢iimleri yapilmistir. Caligma sonucunda BA uygulamalarmin siimbiil bagaklarinin vazo émrii tizerinde 6nemli
bir etkisi olmadig1 tespit edilmistir. Bununla birlikte 150-ppm BA uygulamasinin klorofil (SPAD) ve h° renk
degerlerini arttirmak ve L* degerlerini azaltmak suretiyle yaprak kalitesini arttirdigi saptanmistir. Calismanin
sonuglarina gore, 'Aiolos' hem hasat dncesi hem de hasat sonras1 donemde daha uzun bitki ve ¢igek saplarina sahip
olmasi ve daha uzun vazo 6mrii nedeniyle potansiyel bir kesme ¢icek ¢esidi olarak onerilebilir. BA uygulamalari
arasinda ise 100 ppm’in vazo omrii siiresince su alimini arttirmasi ve agirlik kayiplarini azaltmasi bakimindan
kullanilabilecek bir uygulama oldugu sonucuna varilmistir.

Anahtar Kelimeler: Siimbiil, Borik asit, Basak sap1 uzunlugu, Klorofil SPAD, Vazo émrii
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1. Introduction

The hyacinth (Hyacinthus orientalis L.) is a bulbous biennial herbaceous plant, and originated Mediterranean
Region (USDA, 2023). The hyacinth is a valuable flower that was highly adapted to the cut flower sector with its
attractive flowers and pungent odor. The production area and production quantity of hyacinth are 37 da and 991000
pieces in Turkey, respectively (TUIK, 2023). The hyacinth is used as an outdoor plant, and its availability as a cut
flower is limited due to its short flower stalk and the fact that stalk starts to elongate after the flower buds are
formed. Thus, elongating the flower stalk before opening the floret is crucial in using hyacinth as a cut flower.

Boron (B) is one of the critical micronutrients for the optimum development and quality in plants (Deliboran
et al., 2020). B plays crucial role in cell division and elongation in young growing plant tissues (Ikinci and
Aldanmaz, 2022). Furthermore, boron participates in cell-wall synthesis and structural integrity in plants. B is
taken from the soil in uncharged boric acid (BA) form (Shireen et al., 2018). Due to these important functions of
boron in the plants, numerous studies have been performed recently to determine the effects of boron applications
on plant growth, yield, and quality in the pre-harvest and post-harvest periods.

Preharvest spray treatment of BA on iris plant leaves improved floral properties and yield per plant (Khalifa et
al., 2011). Similarly, BA has led to an increase in flower number, yield, and quality parameters of rose plants
(Poornima et al., 2018). On the other hand, the BA treatment on cut carnation flowers retarded senescence as a
result of slowing down in ethylene production. BA treatment also reduced weight loss, increased sugar
concentration up to maximum level, increased water uptake, flower weight and flower diameter and prolonged
vase life in cut carnation flowers (Serrano et al., 2001; Ahmadnia et al., 2013; Krishnamoorthy et al., 2017).
Additionally, BA treatment in gladiolus was extended the vase life of cut spikes significantly, increased the spike
diameter, and inhibited the proliferation of microorganisms in the vase solution, and was effective in maintaining
spike quality (Jian-Bo et al., 2009). Similarly, the BA treatments extended the vase life (Liavali and Zarchini, 2012;
Hashemabadi et al., 2014) and reduced bacterial count on the flower stalk tip on cut rose flowers (Hashemabadi et
al., 2013).

To our knowledge no study has been conducted the effect of boric acid on plant development, cut flower quality
and vase life of hyacinth. Therefore, the determination of the effect of BA treatments on plant development,
elongation of spike stalk, vase life, and availability as a cut flower of three different hyacinth varieties were aimed
in this research.

2. Materials and Methods

This research was conducted at a high plastic tunnel and postharvest physiology laboratory in Arslanbey
Vocational School of Kocaeli University from September to March vegetation period of 2019-2020.

2.1. Plant material

Bulbs of hyacinth cultivars 'Pink Pearl', 'Aiolos', and 'Blue Jacket' were purchased from Asya Lale Construction
Agriculture and Livestock Trade and Limited Company in Konya. The calibration of bulbs, in terms of width, was 14-
15. The bulbs of hyacinths had a health certificate, and the conformity of bulbs has been confirmed in terms of ISO-
9001 quality standards and TSE2547 flower bulb standards. The study focused on three hyacinth cultivars: ‘Aiolos,” a
white-flowered type growing up to 25 cm tall; ‘Blue Jacket,” with purple flowers, reaching 15-20 cm in height; and
‘Pink Pearl,” with pink flowers and grows in height up to 15-20 cm. All three varieties are planted in October, and they
flower from March to May. They were chosen for their relatively short stature, vibrant colors and pleasant fragrance
and their primary use in container and/or outdoor plantings. Total of 120 bulbs for each variety were used in the
experiment. The bulbs were planted into production pots that were 17.5 cm wide and 25 c¢m tall as one bulb per pot.
Pots were filled halfway with 2:1:1/4 peat (Klasmann Rec 1PN Potgrond P, 0-10 mm, pH: 6, fertilizer content: 1.5)
garden soil: perlite mix, a bulb was then placed in each pot, and were topped off with the same mixture on October 24,
2019.

2.2. Cold scarification and production

Planted bulbs were placed in a cold storage room set at 9+1°C temperature and 90-95% relative humidity for cold
scarification and kept for a period of seven weeks for 'Blue Jacket' and for a period of eight weeks for 'Pink Pearl' and
'Aiolos' varieties. After designated storage periods, the pots were placed in a high plastic tunnel at 18-20 °C temperature.
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2.3. BA treatments

Pre-harvest BA treatments were started fifteen weeks after planting when each plant has at least two well-developed
leaves. BA was treated at doses of 50 ppm, 100 ppm, and 150 ppm per plant and a total of thirty plants were used in
each treatment group, whereas the leaves of plants in the control group were sprayed with water. For postharvest
treatments, BA was mixed into vase solution containing 2% sucrose. Five hyacinth spikes from each treatment group
were placed in vases containing 50, 100, and 150 ppm BA separately. Spikes of control group were placed in vases
containing water.

2.4. Pre-harvest observation and measurement

Total leaf number: Leaves were counted at three growth stages, when the first leaves are formed, at 50% flowering,
and before spike harvest. Spike stalk length was measured from the soil surface to the base of the spike. The leaf length:
The length of the longest leaf on the plant was measured. Plant length was determined as the distance between stem
base and the tip of the spikes. Leaf color was measured using a colorimeter (Minolta, CR-400, Osaka, Japan), as L*,
a* and b*. From the L*, a* and b* values hue angle color values were calculated using Equation (1) below:

h"=90+tan'@*/, ~ (whena <0andb >0) (Eq. 1)

The light source of the colorimeter is a D65 lamp and has an 8 mm head. The calibration of the apparatus was done
before measurement using a white calibration plate (L*=97.52; a*=-5.06; b*=3.57) (Mcguire, 1992; Radzevicius et al.;
2014, Kasim and Kasim, 2016). Chlorophyll (SPAD value) content of hyacinth was measured with SPAD 502 Plus
(Konica Minotla, Inc., Osaka, Japan) in two leaves of per plant. Total blooming floret number in spike was determined
by counting floret in spikes daily. The blooming duration was measured as the number of days from the opening of the
first florets to the last florets in spikes.

2.5. Post-harvest measurement, observation, and analysis

In this section of the experiment, the 'Pink Pearl' variety was not evaluated because of the short spike stalk. Vase
life: The day of the wilting of all the florets in spikes was accepted as completion of vase life. Hyacinths were weighed
immediately after cutting and also during vase period at every other day.

The weight loss of hyacinth spikes (WL) was calculated by the following Equation (2):
WL (%) = (initial weight — last weight) x 100/initial weight (Eq.2)

Where; 'initial weight' denotes the weight measured right after harvest, and 'last weight' refers to the weight recorded
during each analysis period.

Water uptake: During each analysis period, the vase solution was transferred to a measuring cylinder, and measured.
Water uptake was calculated by subtracting the solution left in the cylinder from the initial volume.

Spike stalk length: Hyacinth plants were uprooted with their bulbs to prevent stem length shortening. After the
hyacinths were transported to the laboratory, the bulb leaves at the base of the stem were removed. Spike stalk length
was measured in centimeters using a ruler.

Chlorophyll (SPAD) content was measured from two points of each leaf per hyacinth plant during vase life, using
SPAD 502 Plus (Soil-Plant Analysis Development, Konica Minolta, Inc. Osaka, Japan) which can measure the relative
value of plant chlorophyll content.

2.6 Experimental design

The experiment was planned according to a Completely Randomized Experimental Design with a factorial
arrangement of varieties and BA dosages with three replicates (ten plants per replication for pre-harvest and five plants
per replication for post-harvest). The data were analyzed using statistic software SPSS 22.0 followed by Duncan's
Multiple Range tests at p<0.05
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3. Results and Discussion

3.1. Preharvest studies

Analysis showed that neither the main effects of BA dosages nor the interaction effects were significant
regarding total leaf number, leaf length, spike stalk length, and plant length whereas the cultivar main effect was
significant. Furthermore, it has been observed that in all dosages tested the BA treatments did not perform superior
to the control treatments in the enhancement of plant growth (Table 1).'Aiolos' (6.10) had the lowest leaf number
whereas the leaf number of 'Pink Pearl' was the highest (7.42). The longest leaves were obtained from ‘Aiolos’
(20.66) followed by ‘Blue Jacket (18.05 cm) and ‘Pink Pearl’ (14.47 cm). Similarly, the spike stalk length was the
highest (23.92 cm) in 'Aiolos' compared to the other two cultivars. The highest plant length and spike stalk length
was recorded in ‘Aiolos’ (27.85 and 21.39 cm, respectively).

No literature was found associated with the effect of BA treatments on the development of hyacinth. However,
in respect to plant growth results apparently indicate that the dosages of boric acid used in this study do not
necessarily have depressing effect on plant growth in hyacinth. Earlier works show that plant response to boron
varies depending on species and genotypes (Vera-Maldonado et al., 2024). Poornima et al. (2018) found that BA
applications increase the number of leaves in ‘Mirabilis’ cut rose, and Qureshi et al. (2015) reported similar results
in carnation. However, researchers used different microelements such as iron and magnesium along with BA. In
these studies, the combination of boric acid with micronutrients such as iron and magnesium increased plant height
due to the synergistic effects of micronutrients. For example, iron is the main component of enzymes such as
dehydrogenase, proteinase, and peptidase and thus stimulates the growth hormones and affects growth. It can be
speculated that no fertilization other than boric acid was applied in the current study may be a reason why boric
acid did not affect studied plant growth parameters.

Table 1. Variety and BA dosages main effects and their interactions for the total leaf number, leaf length,
spike stalk length, and total plant length

Hyacinth varieties BA dosages
BA dosages . . .
Pink Pearl Aiolos Blue Jacket main effect

Control 7.25 6.02 6.30 6.52

50 ppm 7.53 6.07 6.48 6.69

Tn” ;Zi Z‘;f 100 ppm 7.61 6.13 6.49 6.74

150 ppm 7.31 6.17 6.34 6.60
Cultivar main effect 7.42 A 6.10 C 6.40 B

Control 14.41 20.27 18.51 17.73

50 ppm 14.64 20.34 17.72 17.57

Le"éﬁ’)’g’h 100 ppm 14.32 21.16 18.13 17.87

150 ppm 14.53 20.88 17.73 17.75
Cultivar main effect 1447 C 20.66 A 18.05B

Control 10.89 20.46 19.03 16.43

Spike stalk 50 ppm 11.37 21.71 18.5 16.90

length 100 ppm 11.03 21.97 18.36 16.74

(cm) 150 ppm 11.27 21.42 18.03 16.56
Cultivar main effect 11.14 C 21.39 A 18.48 B

Control 16.41 26.78 24.83 22.28

50 ppm 17.3 28.24 24.23 22.88

Plant length 100 ppm 16.61 28.15 2423 22.60

(cm) 150 ppm 17.11 28.25 24.42 22.88
Cultivar main effect 16.86C 27.85 A 2443 B

Significancez Cultivar main effect ***, BA dosage main effectns, Cultivar x BA dosagens

“Two way ANOVA; ns: not significant; *, **, *¥*: significant at p<0.05, 0.01 and 0.001, respectively. Values within the rows followed by
the same letter are not significantly different; the numbers are averages of all replicates.

It was detected that the plant and spike stalk length and leaf length of the Aiolos variety is longer than those of
the 'Blue Jacket' and 'Pink Pearl. Pasztor et al. (2020) investigated the effects of three different planting times,
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November 10, November 24, and December 1, on the flower height of different hyacinth varieties. They found
that the stem heights of the varieties varied between 8 cm and 13.66 cm, as the 'Blue Jacket' variety being with
longest flower height. In the present study, bulb planting was conducted on October 24, and the spike stalk lengths
were measured as 21.39 cm and 18.48 cm for ‘Aiolos’ and ‘Blue Jacket’, respectively. The quality of hyacinth
plants depends on a range of factors such as genotype, cultivation period, and growing conditions (temperature,
light spectrum and intensity, etc.) (Smigielska et al., 2014). In the conditions of experimental area of this study,
the stem lengths of both varieties from bulbs planted in October were longer than those measured by Pasztor et al.
(2020). Similarly, Nicu and Manda (2024) measured the stem height of the 'Blue Jacket' hyacinth variety planted
in October as 24.16 cm. It is therefore likely that the planting time had an important effect on the characteristics
presented here.

The highest L* value was measured in the 'Aiolos' variety as 45.31, followed by 'Blue Jacket' and 'Pink Pearl'
as 44.52 and 42.65, respectively. Furthermore, BA treatments increased L values, 50 ppm was more effective
compared to 150 ppm and control, 50 ppm, and 100 ppm were placed statistically in the same group (7able 2).
The CIE L* a* b* color system defines colors using three axes: The L* value for lightness and a* and b* for
chromaticity coordinates. On a color space diagram, L* is displayed vertically, ranging from 0 (black) to 100
(white) (Ly et al., 2020). A higher L value indicates increased brightness, while a lower value corresponds to
dullness (Yao et al., 2023). In this study, hyacinth leaves treated with 50 ppm BA were brighter than those with
150 ppm BA which resulted in darker leaves. This finding was also supported by h° and chlorophyll SPAD
measurements. Tantan et al. (2022) found that 300 ppm BA treatment led to the lightening of the leaf color. In
contrast to this finding, the lowest BA level resulted in the lightening of the leaf color of the hyacinth, in the present
study.

The main effect of the BA dosage on h°® value was statistically significant. The h® values of leaves were
increased with increasing BA levels (Table 2). Control treatment resulted in lower h°® values (125.15) in
comparison to BA treatments, and the highest values was from 150 ppm BA treatment (125.52). In the CIE L* a*
b* color coordinate system, h represents the hue or color name. It is defined by the hue angle (h°) in degrees on
a* b* plane, starting from the positive a* axis and progressing counterclockwise. Red corresponds to 0 (or 360°),
yellow to 90°, green to 180°, and blue to 270° (Scalisi et al., 2022). An increase in h® value toward 180° indicates
a shift toward green, while a decrease suggests a movement toward yellow. Thus, in this study, the increase in h°
values with higher BA doses signifies that the leaf color is becoming greener or retained green color.

Table 2. Leaf L*and h° values, and chlorophyll (SPAD) content of hyacinth cultivars treated with

different doses of BA.
Treatments Hyacinth varieties BA dosages
Pink Pearl Aiolos Blue Jacket main effect
Control 42.76 45.31 44.6 44.22 ab
50 ppm 42.52 45.80 44.73 44.35a
L* 100 ppm 43.07 45.15 44.47 44.23 ab
150 ppm 42.25 44.98 44.27 43.83 b
Cultivar main effect 42.65 C 4531 A 44.52 B
Control 126.79 123.76 124.88 125.15b
50 ppm 126.92 123.74 125.05 125.24 ab
h° 100 ppm 126.64 124.36 124.88 125.29 ab
150 ppm 127.46 124.02 125.09 125.52 a
Cultivar main effect 126.95 A 123.97 B 12498 B
Control 59.91 58.56 60.41 59.63 b
50 ppm 60.78 58.13 60.06 59.66 b
C’;?;;”D';y i 100 ppm 60.61 58.58 60.09 59.76 ab
150 ppm 61.24 58.91 60.61 60.23 a
Cultivar main effect 60.64 A 58.54 B 60.29 A

Significancez Cultivar main effect™**, BA dosage main effect™**, Cultivar x BA dosagens

“Two way ANOVA; ns: not significant; *, **, ***: significant at p<0.05, 0.01 and 0.001, respectively. Values within the rows and columns
followed by the same letter are not significantly different; the numbers are averages of all replicates.
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A chlorophyll meter, such as the SPAD-520 (Soil-Plant Analysis Development 502) is a common tool for
assessment of total chlorophyll content. It measures the SPAD value, or greenness, which provides a rapid,
convenient, and non-destructive evaluation of plant chlorophyll content and overall health. Higher SPAD values
indicate better plant health and chlorophyll concentration, with measurements typically ranging from 24.0 to 70.6,
depending on the plant type (Zhang et al., 2022). The main BA and the main cultivar effect were significant with
regard to chlorophyll (SPAD) value (Table 2). For the BA dosages main effect, the chlorophyll (SPAD) value
ranged from 59.63 to 60.23, consistent with the findings of Zhang et al. (2022). While control and 50 ppm BA
treatments resulted in lowest chlorophyll (SPAD) content, 59.63 and 59.66, respectively, the highest chlorophyll
(SPAD) content, 60.23, was obtained form 150 ppm BA treatment. This was also supported by the h°-value results.
Although h° values showed no significant differences among BA applications, the notable increase with 150 ppm
BA compared to the control, underscores its positive effect in maintaining both green color and chlorophyll content
in the leaves. The significant reducing effect of 150 ppm BA on L values of leaves further confirmed these results.

It appears that the cultivars also had significant effect on chlorophyll (SPAD) content. For the cultivar main
effect, the highest level of chlorophyll (SPAD) content, 60.64 and 60.29, were found in 'Pink Pearl' and 'Blue
Jacket', respectively, while 'Aiolos' resulted in the lowest levels in all BA treatments. In fact, 150 ppm BA
presented the highest chlorophyll (SPAD) content in all cultivars, although interaction effect was not significant.
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Figure 1. Total blooming floret number of spikes treated with different dosages of BA

Different lower case letters above bars indicate significant differences among the BA dosages and different capital letters indicate significant
differences among cultivars (p<0.05).C: control

Main effects of dosages and cultivars were statistically significant for blooming floret numbers compared to
the control. The 'Pink Pearl' (27.95 florets) and 'Blue Jacket' (25.99 florets) cultivars had more blooming florets
than the 'Aiolos' cultivar (22.24 florets). In reference to the dosages main effect, all BA applications reduced the
total number of blooming florets, the lowest number was found in 50 ppm BA treatment, the dosages ranking
second consisted of, in descending order, 150 and 100 ppm BA (Figure 1). The 'Pink Pearl' cultivar produced
higher total floret number due to its twin spike formation, but its shorter stem length (11.14 cm, Table 1) limited
its suitability as a cut flower. Previous studies reported that BA applications increased flower numbers in iris
(Khalifa et al., 2011) and rose (Poornima et al., 2018) plants. Qureshi et al. (2015) found that 5, 10, 15, and 20
ppm BA applications significantly increased flower numbers in carnations compared to controls. In contrast with
these postulations, our results indicate that BA treatment led to a decrease in the number of florets in studied
hyacinths varieties. It may be postulated that the efficiency of BA in promotion of number of florets, may depend
on the plant species and dosages. However, for cut flower production, the fewer florets per spike can be beneficial
as increased floret numbers can lead to heavier spikes that bend in vases, a common issue in the cut flower industry.

1329



Olga¢ & Kasim & Kasim
Usability of 'Pink Pearl' 'Aiolos' and 'Blue Jacket' Hyacinth (Hyacinthus orientalis L.) varieties with Pre- and Postharvest Boric Acid Application as Cut Flowers

For instance, gerbera flowers experience this problem due to their large capitulum, prompting ongoing research to
mitigate stem bending (Gerabeygi et al., 2021; Liu et al., 2021; Mohammadi et al., 2024).

The average flowering duration of the 'Pink Pearl' variety was significantly longer than those of the 'Aiolos'
and 'Blue Jacket' varieties (Figure 2). This is due to its twin spike formation, with the second bloom extending the
flowering period. In contrast, the 'Aiolos' and 'Blue Jacket' varieties fell, statistically, in same group in flowering
time. BA applications did not affect the flowering duration of varieties. Similarly, Tantan et al. (2020) reported
that flowering duration of gladiolus was not influenced by BA applications.
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Figure 2. Average blooming duration of hyacinth cultivars treated with different dosages of BA
Different capital letters indicate a significant difference among cultivars (p<0.05).C: control
3.2. Postharvest studies

As stated in the Materials and Methods section, hyacinth plants were harvested along with their bulbs to ensure
the flower stems remained long, and the bulb leaves at the base of the stem were removed. This allowed stems to
prolong their longevity, enhance their quality as cut flowers. However, in terms of plant length, spike stalk length
and leaf length, 'Aiolos' variety performed superior to the 'Blue Jacket' variety, emphasizing its suitability as cut
flower. Stem length is a key factor for selecting flower species as cut flowers because cut flowers are graded and
marketed by stem length, and is crucial for facilitating harvesting and extending vase life since re-cutting/trimming
the lower ends of stems when necessary about 2 cm helps to prolong their vase life. Stem lengths vary by flower
type and market; for instance, exported roses have a minimum length of 40 cm, while those for the domestic market
require 25 cm. Distributors set a minimum length of 46 cm across all types, whereas growers suggest a range of
30-41 cm for marketable flowers (Yigiter and Coskun, 2024), and in the wholesale flower markets, hyacinths are
sold in wraps of 25 stems and are sold in stem lengths of between 25 and 35c¢m tall (George et al., 2023).

Table 3 presents hyacinth flowers' water uptake rates, highlighting a significant interaction between variety
and BA doses. Interestingly, however, cultivar responses to same BA dosages differed. While 100 ppm BA in
'Aiolos' variety resulted in the lowest water uptake, 'Blue Jacket' variety’s water absorption was the highest in same
BA dosage. Similarly, 150 ppm BA in 'Aiolos' variety resulted in highest water uptake, while 'Blue Jacket' variety’s
water absorption was the lowest in same BA dosage. However, 100 ppm BA for 'Aiolos' variety and 150 ppm BA
for 'Blue Jacket' variety performed inferior to the control treatment. Boric acid delays the onset of ethylene
production in carnation flowers, slowing down the aging of the flowers and thus increasing water uptake (Serrano
et al., 2001). It has been reported that applying 200 ppm BA increases the water uptake of carnation flowers (Al-
Attrakchii and Al-Mahdawe, 2015; Sarhan et al., 2023). Farooq et al. (2021) noted that the application of 150 uM
BA postpones the aging of Digitalis purpurea L. cut flowers by increasing water uptake. Our results confirmed
the earlier reports on the effect of different BA dosages on different species in terms of water uptake, and it seems
that this effect translated into significant differences in hyacinth cultivars studied here.
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Table 3. Spike stalk length, water uptake, vase life and chlorophyll SPAD content of hyacinth cultivars
treated with different doses of BA.

Treatments Hyacinth varieties BA dosages main
Aiolos Blue Jacket effect
Control 28.56 23.46 26.01
. 50 ppm 28.79 24.33 26.56
Spike Stalk length 100 ppm 28.44 235 25.97
(em) 150 ppm 27.42 23.91 25.66
Cultivar main effect 28.30 A 23.80B
Significancez  cultivar main effect***, BA dosage main effectns, cultivar x BA dosagens
Control 28.00 ab 28.80 ab 28.3
50 ppm 37.00 a 31.80 ab 34.4
Water uptake (ml) 100 ppm 2420b 36.20 a 30.2
150 ppm 3740 a 26.00 b 31.7
Cultivar main effect 31.65 30.65
Significancez  cultivar main effect***, BA dosage main effectns, cultivar x BA dosagens
Control 11.00 9.40 10.20
50 ppm 10.60 10.60 10.60
Vase life (days) 100 ppm 11.00 10.60 10.80
150 ppm 11.00 10.20 10.60
Cultivar main effect 10.90 A 10.20 B
Significancez  cultivar main effect**, BA dosage main effectns, cultivar x BA dosagens
Control 60.36 a 58.62 a 59.49
50 ppm 60.26 a 58.72 a 59.49
(g'/i‘g)"’: Zfie 100 ppm 56.54 b 60.96 a 58.75
150 ppm 59.82 a 58.44 a 59.13
Cultivar main effect 59.25 59.19

Significancez  cultivar main effectns, BA dosage main effectns, cultivar x BA dosage*

“Two way ANOVA; ns: not significant; *, **, ***: sjgnificant at p<0.05, 0.01 and 0.001, respectively. Different capital case letters within
the rows indicate significant differences among cultivars and different lower case letters within the columns indicate significant differences
among the Cultivar x BA dosages interaction; the numbers are averages of all replicates.

The vase life of the 'Aiolos' variety (10.90 days) was significantly longer than that of the 'Blue Jacket' variety
(10.20 days). The vase life of Hyacinthus orientalis as a cut flower is influenced by care and environmental
conditions. On average, cut hyacinth flowers last 5-7 days in a vase, but with optimal care, they can last longer.
Harvesting hyacinths with a small portion of the bulb (about 1 cm) can also extend their vase life (Raus et al.,
2023). In the present study, the vase life of both hyacinth cultivars was higher than that reported by Raus et al.
(2023). BA treatments are effective in increasing the vase life of different species. Reports demonstrated that BA
treatments at different doses increased the vase life of carnation (Serrano et al., 2001; Ahmadnia et al., 2013;
Krishnamoorthy et al., 2017), gladiolus (Jian-Bo et al., 2009) and rose flowers (Kshirsagar et al., 2021). However,
in the present study, BA was not effective in extending the vase life of hyacinth cultivars. This may be due to the
fact that the effect of BA on the promotion of the vase life is dependent on species and that hyacinth is less sensitive
to BA application in the vase solution than other flower species.

The interaction between cultivars and BA dosages were statistically significant for chlorophyll (SPAD) content.
The application of 100 ppm BA in vase solution significantly reduced the chlorophyll (SPAD) levels of the ‘Aiolos’
variety compared to other treatments, although differences between other dosages and control plots were non-
significant. On the other hand, while there were not significant differences between BA treated and untreated plants
in ‘Blue Jacket’ variety, 100 ppm BA resulted in the highest chlorophyll (SPAD) levels. Pre-harvest measurements
yielded similar results. Chlorophyll pigment plays a crucial role in the photosynthesis process of plants by
capturing sunlight and converting light energy into chemical energy. A higher amount of chlorophyll allows the
plant to absorb more light and thus perform more photosynthesis, resulting in the production of more carbohydrates.
This makes it an important factor in the growth and development of the plant (Pallavolu et al., 2023). In addition,
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a high chlorophyll content leads to a higher carbohydrate level in plants, which in turn increases the amount of
flowering. Indeed, the total number of flowers blooming in the ‘Blue Jacket’ variety was found to be higher than
that of the ‘Aiolos’ variety (Figure 1).
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Figure 3. Weight loss of hyacinth cultivars treated with different dosages of BA

Weight losses increased in both varieties as vase life extended (Figure 3). Interaction between cultivar and
dosages was significant for weight loss on the 4th day of the vase life, and the 100 ppm BA application significantly
reduced weight loss, however, this dosage was more effective in reducing weight loss in the ‘Aiolos’ cultivar
compared to the ‘Blue Jacket’ cultivar. On the 10th day of vase life, the interaction between cultivar and dose was
not found to be significant, but the weight loss of the ‘Aiolos’ cultivar was lower than that of the ‘Blue Jacket’
cultivar.

4. Conclusions

The effect of Pre-harvest BA applications on vegetative characteristics of hyacinth varieties, such as total leaf
count, leaf length, flower stem length, and plant height were not significant. However, cultivar main effect on these
criteria varied significantly, with the highest total leaf count found in the ‘Pink Pearl’ cultivar, while the longest
leaves, flower stems, and plant height were observed in the ‘Aiolos’ cultivar. The 150 ppm BA application
significantly reduced the L value of the leaves, while significantly increased the h® and chlorophyll SPAD levels.
L value of the ‘Aiolos’ cultivar was significantly higher than the other two varieties, while the h° value and the
chlorophyll SPAD levels were significantly lower than those of other varieties.
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All BA applications reduced the total number of blooming florets compared to control, the lowest number was
found in 50 ppm BA treatment. Among the varieties, the total number of blooming spikes in ‘Aiolos’ was lower
than that in ‘Pink Pear]’ and ‘Blue Jacket’. The average flowering time was not affected by BA applications,
however, it was found that the flowering time of ‘Pink Pearl’ was longer than that of the other two varieties.

BA applications did not significantly affect flower stem length, vase life, water uptake, and chlorophyll SPAD
levels after harvest. However, the effect of BA dosages x cultivar interaction on water uptake and chlorophyll
SPAD levels were significant. 100 ppm BA application significantly increased water uptake in the ‘Blue Jacket’
cultivar, while reducing chlorophyll SPAD levels in the ‘Aiolos’ cultivar. After harvest, the flower stem length
and vase life of the ‘Aiolos’ cultivar were longer than those of the ‘Blue Jacket’ cultivar. Interaction between
cultivar and BA dosages was significant for weight loss on the 4th day of the vase life. The 100 ppm BA
application significantly reduced weight loss, and the weight loss of the ‘Aiolos’ cultivar was lower than that of
the ‘Blue Jacket’ cultivar.

In conclusion, both pre- and postharvest period, the ‘Aiolos’ cultivar had longer plant and flower stem lengths
compared to the other varieties. The vase life of the ‘Aiolos’ cultivar was also longer than that of the ‘Blue Jacket’
cultivar. But the total number of blooming spikes in the ‘Aiolos’ cultivar was lower than other varieties. According
to BA dosages main effect, 50 ppm BA reduced the number of blooming spikes but increased water uptake. On
the other hand, 100 ppm BA was effective in reducing weight loss. Therefore, it has been observed that the ‘Aiolos’
cultivar has potential as a cut flower. Among the BA applications, the 100 ppm BA was found to be particularly
effective in reducing weight losses, but its promoting effect on water uptake was dependent on variety.
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Fertility Status of Agricultural Soils in istanbul Province

Istanbul 1li Tarim Topraklarmin Temel Verimlilik Durumu

Emel KAYALIY, Orhan YUKSEL?
Abstract

As a region of geopolitical significance and industrialization, Istanbul province has a traditional production system
in which intensive agricultural production is carried out, especially in Silivri and Catalca districts, where sunflower
and wheat agriculture is carried out in alternation under irrigated conditions due to sufficient rainfall. These
agricultural areas, which are also under intense urbanization pressure, need to be protected in order to be used
sustainably. For this purpose, it is a priority to determine the current productivity status of agricultural areas. There
is no study in the literature that reveals the current agricultural productivity status of Istanbul province. In this
study, some physical and chemical soil properties of the agricultural areas where the same agricultural production
system has been practiced for many years were determined in terms of sustainable agriculture. In order to
determine these soil properties, surface soil sampling (0-20 cm) was carried out according to the grid system at
2.5 x 2.5 km intervals covering all agricultural areas and a total of 196 soil samples were taken and the field study
was completed. All soil samples were analyzed for texture, pH, EC, organic matter, available phosphorus, available
potassium and the current fertility status of the agricultural areas in the province of Istanbul was determined.
According to the results of the research, the agricultural soils of Istanbul province are generally medium-heavy
and heavy textured, medium alkaline and neutral pH, without salinity problems, 50% of them have very low
CaCO3 content and the rest are calcareous soils with varying levels of CaCOs. It was determined that the high
CaCO3 content in 11% of the soils was due to the rendzina great soil group formed on marl parent material. In
terms of organic matter, 59% were classified as low, 26% as moderate, 50% as high and very high in terms of
available phosphorus, and 79% as high and very high in terms of extractable potassium. After the classification of
all analyzed parameters, the distribution maps of a parameter were created by using Geographical Information
Systems (GIS). IDW, which is an inverse distance weighting method widely used in soil science, was used to
create the distribution maps.

Keywords: Istanbul province, Soil fertility, Geographic information systems, Soil quality, Geostatistical analysis
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Oz

Istanbul ili, jeopolitik &nemi ve sanayilesmenin yani sira, dzellikle Silivri ve Catalca ilgelerinde yogun tarimsal
iretimin gerceklestirildigi, yagiglarin yeterli olmasi sayesinde aycicegi ve bugday tariminin susuz kosullarda
miinavebe seklinde siirdiiriildiigii geleneksellesmis bir tiretim sistemine sahiptir. Ayni zamanda yogun sehirlesme
baskist altinda da olan bu tarim alanlarinin, siirdiiriilebilir bir sekilde kullanilabilmesi igin korunmasi
gerekmektedir. Bunun icinde tarim alanlarmin mevcut verimlilik durumlarmin belirlenmesi onceliklidir.
Literatiirde Istanbul ilinin mevcut tarimsal durumunu ortaya koyan herhangi bir galismaya rastlanmamistir. Bu
calisma ile uzun yillar boyunca ayni tarimsal iiretim seklinin uygulandig1 bu tarim alanlarmin siirdiiriilebilirligi
acisindan bazi fiziksel ve kimyasal toprak 6zelliklerini mevcut durumlarmin belirlemek amaglanmigtir. Bu toprak
ozelliklerini belirlemek i¢in tiim tarim alanlarimi kapsayacak sekilde 2,5 x 2,5 km araliklarla grid sistemine gore
ylizey toprak orneklemesi (0-20 cm) gergeklestirilmis ve toplam 196 adet toprak 6rnegi alinarak arazi ¢alismasi
tamamlanmistir. Alinan tiim toprak orneklerinde biinye, pH, EC, organik madde, alinabilir fosfor ve alinabilir
potasyum analizleri yapilarak Istanbul ili tarim alanlarinin mevcut verimlilik durumu ortaya konmustur. Arastirma
sonuglarma gore, Istanbul ili tarim topraklar1 genellikle orta-agir ve agir biinyeli, orta alkali ve nétr pH’a sahip,
tuzluluk sorunu olmayan, %50’si kirecsiz iken kalani degisen oranlarda kiregli topraklardir. Topraklarin
ozellikle %1 1’inde yiiksek kirec i¢eriginin, marn ana materyal lizerinde olusmus rendzina bilyiik toprak grubundan
kaynakli oldugu belirlenmistir. Organik madde bakimindan %59’u az, %26’s1 orta; alinabilir fosfor
bakimindan %551 yiiksek ve ¢ok yiiksek; ekstrakte edilebilir potasyum bakimindan ise %79’u zengin ve ¢ok
zengin smifa girmektedir. Tiim analiz parametrelerinin siniflandirilmasinin ardindan bir parametreye ait dagilim
haritalar1 Cografi Bilgi Sistemleri (CBS) kullanilarak olusturulmustur. Dagilim haritalarinin olusturulmasindan
toprak biliminde yaygin olarak kullanilan ters mesafe agirlik yontemi olan IDW kullanilmistir.

Anahtar Kelimeler: istanbul ili, Toprak verimliligi, Cografi bilgi sistemleri, Toprak kalitesi, Jeoistatistiksel modelleme
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1. Introduction

Improper tillage practices (Abdollahi et al., 2015), over-fertilization (Aytop, 2023), uncontrolled use of
pesticides (Akbay et al., 2023) and yield-oriented agricultural practices (Atmaca and Boyraz Erdem, 2016; Wang
et al., 2019), are causing rapid deterioration in soil quality. Sustainable use and management of soils requires the
development of new approaches to minimize or eliminate the negative impacts of modern agricultural practices.

A key factor in sustainable agriculture is soil quality. Like air and water quality, soil quality affects the quality
of the ecosystem in which it is located. However, compared to water and air quality, soil quality is difficult to
define and quantify (Doran and Parkin, 1994). Soil quality is a combination of physical, chemical and biological
properties of soils. Therefore, improving and maintaining soil quality is possible by improving these properties.
These properties of soils are important not only as a growing medium but also because of their buffering effect on
harmful compounds (Larson and Pierce, 1994; Giirbiiz et al., 2023; Atav et al., 2024).

Soil quality assessment is one of the key elements of sustainable soil management. The fact that soil fulfills
many functions simultaneously makes it difficult to determine indicator properties related to specific functions and
processes. However, it is possible to assess soil quality with indicators of physical, chemical and biological
properties (Andrews and Carroll, 2001). For example, soil indicators such as water holding capacity, aeration, pH
and electrical conductivity are used. In addition, approaches such as integrated soil quality index and productivity
index model can be used to assess soil quality (De Lima, 2007). To maintain the productivity of our agricultural
areas, the characteristics of these areas should be defined in the best way. For this purpose, establishing a database
by determining and updating the physical and chemical properties of agricultural areas will provide preliminary
information for new research projects for the proper use of soil resources. As a result of the analyzes to be carried
out on soil samples with specific geographical coordinates, the changes of the determined properties over time can
be monitored and negative changes in agricultural areas can be taken under control (Ozden et al., 2018). For this
purpose, studies have been carried out in many regions. Tagova and Akin (2013), in their study covering the
province of Istanbul in the Marmara Region, took soil samples to identify all agricultural soils and revealed the
nutrient and fertility status of the soils. By evaluating the obtained results with Geographical Information Systems
(GIS), they created current soil databases and mapped them. As a result of the research, they determined that the
agricultural lands of the Marmara region are generally; clay loamy, slightly alkaline, low organic matter content,
non-saline and very low content of CaCOs soils. They determined that 47% of the soils in the region had very low
content of available phosphorus, while 53% of the soils had high content of available phosphorus, iron and copper
contents were moderate, while zinc and manganese contents were low. In Basar’s study (2001), in which some
fertility characteristics of Bursa province soils were determined, a total of 1018 soil samples were taken and
analyzed. According to the results of the analyses, it was determined that the soils of the research area were
generally medium textured, without salinity problem, with moderately and strongly alkaline reaction and
containing varying amounts of CaCOa. The researcher also determined that 56.49 % of the soils were low or very
low contents of organic matter, 21.81 % contents of available phosphorus and 21.82 % in contents of available
potassium. In the study (Ozden et al., 2022) on agricultural soils of Manisa province, it was found that 33.29% of
the soils were sandy loam, 62.20% were slightly alkaline, 94.36% were very low in CaCO3, 33.57% were medium
calcareous, 64.88% were low in organic matter, 25.39% were very high in available phosphorus and 94.07% were
high in available potassium. Lopez Granados et al. (2002) determined the spatial variability parameters of
composition, organic matter (OM), phosphorus (P), potassium (K), nitrate (NO3), ammonium (NH,*) and pH as
soil fertility parameters in Spain by geostatistical modeling and obtained variable rate fertilizer application maps
based on these parameters. Alaboz et al. (2020), in their study in Isparta compared different interpolation methods
for the creation of the distribution maps.

Istanbul is one of the centers of economy, history, culture and tourism, where two continents meet and has
important transit routes. In addition to industrialization, intensive agricultural production activities are carried out,
especially in the Silivri and Catalca districts. Agricultural production in these regions helps to meet the food needs
of Istanbul. This study aims to determine the nutrient contents of the agricultural soils of Istanbul province and to
create a database and distribution maps of these properties. Studies on determining the fertility status of soils within
the borders of the study area are limited. Therefore, the present study will make an important contribution to the
literature by evaluating the fertility status of agricultural soils of Istanbul Province.
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2. Materials and Methods
2.1. Study area

The province of Istanbul is located in northwestern Tiirkiye, on both sides of the Bosphorus, on the Catalca
peninsula to the west and the Kocaeli peninsula to the east. It is neighboring Tekirdag in the west and Kocaeli in the
east. It has a total land area of 546.078 hectares and the cultivated agricultural area is 14% of its total surface area
(Table 1).

Table 1. Crop production cultivation areas (TUIK, 2024)

Land Use Land (da)
Field crops area 707.243
Fallow land 7.469
Vegetable area 26.252
Fruit area 28.303
Ornamental plants 484

Total 769.751

The districts in agricultural production are Catalca, Silivri and Sile, and the main crops are wheat, sunflower, barley,
canola and corn. The production amounts of some agricultural products are given in Table 2.

Table 2. Crop production (TUIK, 2024)

Land Use Land (da)
Field crops production 290.464
Vegetable production 61.970
Fruit production 6.620

Total 359.054

The great soil groups commonly found in the province are vertisol, non-calcareous brown and brown forest soils.
The land use types map prepared according to CORINE classification system showing the land cover and land use
types of Istanbul area is given in Figure 1.

Land Use Types
M Artificial Arcas
Agricultural Areas
B Forest and Seminatural Area
N Wetlands
Bl Water Bodies

Figure 1. Land use groups of Istanbul province area (CORINE, 2018)

Istanbul has a temperate climate with transitional characteristics between the Black Sea and Mediterranean
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climates. Summers are hot and humid and winters are cold and rainy. The average temperature is 2°C in winter and
18-28°C in summer, with an annual average temperature of 14.4°C (MGM, 2022).

The provincial area of Istanbul is located in the Marmara region, which covers a wide variety of rock units formed
in the Early Palaeozoic-Present interval and where there are current tectonic movements. There are two major rock
stratigraphy unit assemblages within the provincial borders: metamorphic and non-metamorphic. The metamorphites
forming most of the Istranca Mountains are the Istranca Union, while the non-metamorphosed stack is the istanbul
Union, these two communities are separated from each other by a large tectonic line (Anonim, 2011).

2.2. Soil sampling

In this study, 1/25000 scale soil maps digitized by abolished Directorate of Rural Services were used to
determine the soil sampling points. On the map, 2.5 x 2.5 km grids were created and the points coming to the
agricultural areas were determined (Figure 2). The coordinates of all sampling points were uploaded to a handheld
GPS with +3 m deviation and surface soil sampling (0-20 cm) was carried out. A total of 196 soil samples were
taken.
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Figure 2. Soil sampling points in agricultural areas of Istanbul province
2.3. Methods of Soil Analysis

Soil samples taken from the study area were dried, grounded and sieved through a 2 mm sieve and prepared for analysis.
Organic matter contents of the soil samples were determined by modified Walkley-Black method (Nelson and Sommers,
1996), pH was determined in saturation paste with a pH-meter, EC was determined in saturation paste with an EC-meter (Soil
Survey Staff, 1993), CaCO3 contents were determined volumetrically by Scheibler calcimeter (Loeppert and Suarez, 1996),
Awvailable Phosphorus contents were determined according to Olsen method (Olsen and Sommers, 1982), Extractable
Potassium contents were extracted with Ammonium Acetate and determined by ICP-OES. Soil texture was determined
according to the Bouyoucos hydrometer method (Gee and Bauder, 1986).

2.4. Database creation and mapping

Basic descriptive statistical analysis was applied to all analyzed parameters. The data obtained from soil
samples were classified according to the limit values used in Kayali and Yiiksel (2020) and their distributions were
calculated. All data were evaluated and transformed into distribution maps using Geographic Information Systems
(GIS) with the “ArcGIS Geostatistical Analyst” module. Distribution maps were created with the inverse distance
weighting (IDW) method, which is one of the interpolation methods frequently used in soil quality studies.

The inverse weighting by distance (IDW) method calculated the value of each sample point by weighting it
inversely to its distance to the point to be estimated. The formula of the IDW method is given below:
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Zipw(xo) = — I (Eq. 1)

Z* (x4): xo its estimated value at the point,

Z(x) %i the sample point value at the point,

d : the distance between the sample point and the point to be estimated,
p : exponential value,

n : refers to the number of sample points

In the inverse distance weighting method, the influence distance, which significantly affects the prediction
values, determines that observation values at a certain distance can be used in the calculation. Points farther away
than the influence distance are not included in the calculations (Uyguggil, 2007).

3. Results and Discussion

In 196 soil samples taken from the agricultural areas of Istanbul province and analyzed, saturation was between
38-86%; sand content between 9.5-76.5%, clay content between 7.5-69.7%, silt content between 0.3-50.9%, soil
texture clay, clay loam, loam, loamy sand, sandy clay, silty clay loam, silty loam, sandy loam; pH 4.80-7.91
between strongly acid - moderately alkaline; EC 0,09-2.61 dS m™ between non-saline and very slightly saline,
CaCO3 0,01-54,00% between very low-very high calcerous soil, organic matter 0.46-5.23% between very low-
very high. Available phosphorus content was found between 0.71-603.20 mg kg™ available potassium content was
found between 33.29-3449.38 mg kg

3.1. Texture

Soil texture is an important parameter that determines the physical and chemical properties of soils. It has a
direct effect on many properties of soils such as water permeability and retention capacity, aeration, nutrient
retention capacity and microorganism activities (Gupta, 2007). According to the results of the analysis, 70% of the
soils were classified as clay, silty clay and 16% as sandy loam, sandy clay loam (Table 3).

Table 3. Distribution of texture classes of soils

Symbol Number of soils Distribution (%0)
S, LS 1 1
SL, SCL 32 16
SiL, SiCL 2 1
CL,L 20 10
Si, SC 5 2
SiC, C 136 70

Most of the agricultural soils in Istanbul are composed of clay soils. Clay soils have high water holding capacity
and low water permeability. These properties are advantageous in terms of meeting the water needs of plants,
especially during dry periods (Brady and Weil, 2002). However, clay soils also have the potential to experience
compaction and aeration problems, which can negatively affect plant root development. Tasova and Ak (2013),
carried out a study in the Marmara region, including the province of istanbul and found that clay loam (43.7%)
and clay soils (34.5%) cover the most area proportionally, while the proportion of sandy soils is only 0.5%. These
results are similar to the results of this study. Regarding soil texture, Ozden et al. (2018) reported that 33.29% of
the agricultural soils in Manisa province were sandy loam and 62.20% were moderately alkaline. This indicates
that the soils of Istanbul province have a higher clay content.

3.2.pH

Soil reaction (pH) determines whether soils are acidic or basic and affects the availability of plant nutrients
(Neina, 2019). In the study area, 62% of the soil samples were classified as alkaline and 20% as neutral pH (Table
4). The map showing the pH distribution of the study area is given in Figure 3.
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Table 4. Distribution of soils in Istanbul according to pH classes

Value Classes Number of soils Distribution (%)
<5.1 Strongly acid 5 3
5.2-6.0 Moderately acid 18 9
6.1-6.5 Slightly acid 12 6
6.6-7.3 Neutral 39 20
7.4-8.4 Moderately alkaline 122 62
>8.4 Strongly alkaline - -

0 10

B on agricultural land - Forest and seminatural areas N

pH

I 4.8-5.1 (Strongly acid)
[ 5.2-6.0 (Moderately acid)
[_16.1-6.5 (Stightty acid)

20 40 60 80
—— — — B 6.6-7.3 (Neutral)
Il 7.4-7.9 (Moderataly alkaline)

Figure 3. Soil reaction distribution map of the research area

Soil pH is a critical factor for plant growth and development (Oshunsanya, 2018). Soils in the moderately
alkaline to neutral pH range are generally the soils with the best uptake of plant nutrients (Zhao et al., 2011). Most
of the agricultural soils of Istanbul province have a moderately alkaline pH value. Low soil pH is considered as
one of the factors affecting yield (Aktas and Yiiksel, 2020). Moderately alkaline soils are the soils where plant
nutrients can be taken up in the best way (Thomas, 1996). However, the 3% with a strongly acid pH value may
require regulatory measures such as CaCO3 application (Nkana et al., 2001). The 20% with a neutral pH value is
quite suitable for agricultural production (Caritat et al., 2011). Tagsova and Akin (2013) determined in their study
that moderately alkaline soils had the highest rate with 50,6% in Marmara region, followed by neutral pH soils
(30,0%) and slightly acid soils (13,8%). These results are in parallel with our study. These data reveal the pH
distribution of the agricultural soils of Istanbul and the effect of this distribution on agricultural production.

3.3. EC (dS/m)

Table 5. Distribution of soils in istanbul according to salinity classes

EC(dS/m) Salinity Class Number of soils Distribution (%)
<0.75 Non-saline 68 35
0.75-2 Very low saline 125 64
2-4 Very slightly saline 3 1
4-8 Slightly saline - -
8-16 Moderately saline - -
> 16 Strongly saline - -

The salinity class and distribution of the results of electrical conductivity (EC) analyses of the soil samples
taken from the research area are given in Table 5. Accordingly, 64% of the soils of Istanbul province are classified
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very low saline and 35% as non-saline (Figure 4). Approximately 98% of the soils of Edirne, Kirklareli and
Tekirdag provinces are non-saline, while 2% slightly saline areas were determined (Giirbiiz et al., 2018). This
result shows that there is no similar salinity problem in the study soils.

N

A

- Non agricultural land - Forest and seminatural areas

EC (dS/m)
- <0.75 (Non saline)

0 10 20 40 60 80 [ ] 0.75-2.00 (Very low saline)
e — K _ ;
= - 2.01-2.60 (Very slighlty saline)

Figure 4. Soil salinity distribution map of the research area

Most of the agricultural soils in Istanbul (64%) are classified as very low saline. This is generally considered
a positive characteristic for agricultural production, as low salinity allows plant roots to better absorb water and
nutrients (Machado and Serralheiro, 2017). However, the 1% that is very slightly saline may require salinity
management in certain areas (Alharbi, 2015). The 35% that is non-saline represents ideal agricultural conditions
(Shrivastava and Kumar, 2014).

3.4. CaCO3 (%)

The CaCO3 content of soils is an important parameter for the productivity of agricultural activities (Ameyu,
2019). In Istanbul, 50% of the soils are classified as very low, 10% as medium and 11% as very high (Table 6;
Figure 5).

Table 6. Distribution of soils in Istanbul according to CaCOs content classes

CaCOs (%) Class Number of soils Distribution (%)
0-2 Very low 98 50
2-4 Low 18 9
4-8 Medium 20 10
8-15 Calcareous 16 8
15-30 High 23 12
>30 Very high-marl 21 11

Half of the agricultural soils in Istanbul province have very low content of CaCOj3, indicating that acidic soil
characteristics are dominant. In acidic soils, CaCQOg3 applications can increase the uptake of plant nutrients by
increasing the pH value (Barman et al., 2014). Medium CaCOj3 soils (10%) are generally more nutrient balanced
and offer ideal conditions for agricultural production (Haynes and Naidu, 1998). Soils with high CaCO3 content
are observed in Catalca district. Very high CaCO3 containing soils (11%), on the other hand, may not be suitable
for certain plant species due to their high CaCO3 content and may require specialized production strategies (Corbett
et al., 2021). Tasova and Akin (2013), found that 65.8 % of the soils in the Marmara region are in the very low
and low class in terms of CaCOs. They stated that especially high calcareous areas are located around Istanbul.
These results coincide with our study
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Figure 5. CaCOs distribution map of the research area
3.5. Organic matter (%)

In terms of organic matter content, 12% of the soils in Istanbul are classified as very low, 59% as low and 3%
as high (Table 7). The map showing the distribution of organic matter is given in Figure 6.

Table 7. Distribution of soils in Istanbul according to organic matter content

Organic Matter (%) Class Number of soils Distribution (%0)
<1 Very low 23 12
1-2 Low 116 59
2-3 Moderate 150 26
3-5 High 6 3
>5 Very high 1 -
N

- Non agricultural land

- Forest and seminatural areas A

Organic Matter (%)

Bl <! (Very Low)
] 1-2Low)

0 10 20 40 60 80 [ 2-3(Moderate)
= Km 3.5 (High)

Bl 5 (Very hish)

Figure 6. Organic matter distribution map of the research area

It is known that the organic matter content of soils in Tiirkiye is generally low and very low. However, in this
study, the organic matter content of about 30% of the soils of Istanbul province was found to be at moderate and
high levels. In a similar study conducted in the Marmara region, organic matter contents were found to be close to
32%. These soils show balanced characteristics in terms of retention of plant nutrients and water holding capacity
(Fageria, 2012; Oldfield et al., 2018). Soils with moderate to high organic matter content (29%) have high fertility
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potential and provide advantages in terms of microorganism activities and soil structure improvement (Zhao et al.,
2016). However, the 12% with very low organic matter content may require organic matter additions to improve
soil fertility (Syers, 1997).

3.6. Available phosphorus (mg kg?)

Soil samples taken from the research area were classified in terms of phosphorus and their distribution is given
in Table 8. Accordingly, 4% of the soils in Istanbul are classified as very low, 19% as low and 28% as high (Figure
7). It has been reported that the amount of phosphorus in approximately 70% of the soils in Tiirkiye is below 12
mg ! (Sénmez et al., 2018). This result reveals that the amount of phosphorus in the agricultural soils of the study
area is higher than Tiirkiye in general. Excessive fertilization applied as a result of intensive agricultural activities
may have caused this result.

Table 7. Distribution of available phosphorus content of soils of Istanbul province

eP (mg kg™?) Class Number of soils Distribution (%)
<0-5 Very low 8 4
6-12 Low 38 19
13-25 Moderate 53 27
26-50 High 55 28
>51 Very high 42 22

N
- Forest and seminatural areas A

- Non agricultural land

P (mg/kg)
Bl 05 (VeryLow)
Bl 612 @Cow
[ ] 13-25 (Moderate)

— —— — K I 26-50 (High)
Bl >50  (Very high)

Figure 7. Available phosphorus distribution map of the research

In Istanbul, 50% of the agricultural soils have high and very high phosphorus content, mainly in Silivri district,
which is a positive indicator for plant growth and development (Sharpley and Menzel, 1987). However, it should
be considered that such high phosphorus levels may be due to factors such as over-fertilization (Vadas and Sims,
2013). An excess of phosphorus can prevent plant roots from taking up other nutrients and can lead to
environmental problems (Sarkar, 2005). Soils with very low (4%) and (19%) phosphorus content may require
phosphorus fertilization (Sharma et al., 2013). Moderate phosphorus content (27%) promotes a balanced uptake
of plant nutrients (Richardson et al., 2009). In case of phosphorus deficiency, plant growth slows down and yields
decrease (Bingham and Martin, 1956). Therefore, it is necessary to fertilize soils with low phosphorus content
(Miranda et al., 1989).

Available phosphorus is a critical nutrient for plants and its sufficient amount in the soil directly affects plant
root development and overall plant health (Chan et al., 2021). An excess of phosphorus can cause environmental
pollution and contamination of water resources (Sharpley, 1995). Therefore, phosphorus management is of great
importance for sustainable agricultural practices (Etesami, 2019).
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3.7. Available potassium (mg kg?)

In terms of potassium content, 7% of the soils of Istanbul province are classified as very low, 7% as moderate
and 38% as high (Table 9). Due to hot and arid climatic conditions, Turkish soils have high clay content and are
rich in this plant nutrient (Sénmez et al., 2018). The available potassium distribution map of the soils of the
research area is given in Figure 8.

Table 9. Distribution of available potassiums content of soils of Istanbul province

eK (mg kg™) Class Number of soils Distribution (%)
<80 Very low 13 7
80-120 Low 13 7
120-160 Moderate 13 7
160-320 High 76 38
>320 Very high 81 41

- Forest and seminatural areas A

- Non agricultural land

K (mg/kg)

0 (Very Low)
| 80-120 (Low)

[ 120-160 (Moderate)

0 10 20 40 60 80 ,
2 .320 (High
I— F"‘ E l(’o v '0 ( 18 )
Bl 320 (Veryhieh)

Figure 8. Available potassium distribution map of the research area

Most of the agricultural soils of Istanbul province (79%) are high and very high in potassium. The high levels
of available potassium are mostly widespread in Silivri district. Potassium plays a critical role for plants to regulate
water balance and develop resistance to diseases (Pettigrew, 2008). Soils with very low potassium content (7%)
can lead to slow plant growth and reduced yields (Dotaniya et al., 2016). Moderate potassium content (7%)
promotes a balanced uptake of plant nutrients (Ali et al., 2021). Potassium deficiency can lead to problems such
as water imbalance in plant cells, wilting and susceptibility to diseases (Wakeel, 2013). Therefore, it is important
to fertilize soils with low potassium content (He et al., 2022). Soils with rich potassium content positively affect
plant growth and provide high yields (Nanu and Radulov, 2013).

4. Conclusion

The research area generally has a flat, almost flat and slightly sloping land structure. No stony, rocky or any other
problem preventing production was detected. Most of the agricultural soils of Istanbul province (82%) are medium-
heavy and heavy textured and have high clay content. Improper agricultural practices may increase soil compaction
and plough layer. For this reason, tillage should be carried out at appropriate moisture levels in high clay content areas.
The pH of the soils is generally in the moderately alkaline (62%) and neutral (20%) classes. Soil pH is thought to be
relatively high due to the CaCO3 content of the parent material. The content of 50% of the soils are very low and the
remaining soils contain varying amounts of CaCO3. Very high CaCO3 content is especially common in the Rendzina
soil group and covers 11% of the area. The EC values of the soils are less than 0.75 dS m-! and there is no salinity
problem in the region. Due to climatic conditions, excessive tillage, erosion and insufficient organic fertilization
practices, 59% of the soils are low in organic matter and 26% are at moderate level. In soils with low organic matter
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content, remedial measures need to be taken to increase soil fertility and ensure sustainability. 27% of the soils have
moderate, 28% high and 22% very high levels of available phosphorus. In terms of extractable potassium content, 79%
of the soils are classified as high and very high, 7% as moderate, and 14% as very low and low. One of the reasons for
the high phosphorus and potassium content is the excessive fertilization practices applied in the region. In terms of
sustainable agricultural practices, the negative effects of over-fertilization on plant growth and uptake of other nutrients
should be evaluated.

Rapid population growth and increasing industrialization cause an increase in the misuse of agricultural lands and
Istanbul has its share in this regard. Although approximately 14 % of the total surface area is agricultural land, intensive
agricultural activities continue in Silivri and Catalca regions. Considering the high nutrient needs of the increasing
population, the importance of the region draws more attention. The high cost of transport necessitates the continuation
of production in the region. Protection of these agricultural areas and sustainable agriculture are important for this
region. This study is important in terms of revealing the soil characteristics of Istanbul province and will contribute to
the agriculture of the region.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Evaluation of the Relationship Between Rainwater Harvesting and Landscape Plant
Water Consumption*

Yagmur Suyu Hasad1 ile Peyzaj Bitkilerinin Su Tiiketimi Arasindaki liskinin
Degerlendirilmesi

Nilay MISIRLI", Elif Ebru SISMAN?
Abstract

If rainwater is not used, it is considered waste and ends up as surface water in underground resources or flows
into oceans. In view of dwindling water resources, rainwater should not only flow as surface water but should be
reused to conserve groundwater and mains water. To achieve this, rainwater must be collected and solutions
produced on site. When we look at water consumption rates, we realize that a large amount of water is
significantly used for the irrigation of landscaped areas. In addition, the water requirements of plants are often
not known and water is wasted through unconscious irrigation. This study aims to provide the right amount of
irrigation by showing the water requirements of plants according to their species. At the same time, it aims to
provide the right amount of irrigation by showing the water requirements of plants according to their species.
These two main objectives are aimed at learn the needs of plants and at the same time ensuring efficient water
use. In this study, it is aimed to contribute to the water cycle by reusing rainwater. Various roofing and paving
materials were identified in the study area. The amount of rainwater to be collected from the different materials
within the study area was calculated using the Rational Method and the water consumption of each plant was
calculated using the CropWat 8.0 program. In conclusion, the amount of rainwater collected on the entire
campus was calculated as 494.000 m3per year and the amount of irrigation water required by the plants was
54.530 m3per year. This data shows that the amount of rainwater collected corresponds to the water consumption
of the landscape plants. The rainwater harvested on campus is fed into tanks. The rainwater collected on the
campus is channelled into tanks. The volume of the tanks was calculated. In addition to the stored rainwater,
solutions were developed on-site using sustainable methods for the remaining rainwater. Plants with low or
medium water requirements are recommended for use in new landscape areas.

Keywords: Rainwater harvesting, Rainwater reuse, Landscape plant water consumption, Irrigation, Sustainability, Urban
stormwater management
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0z

Yagmur suyu degerlendirilmedigi siirece atik olarak goriilmekte ve yiizey suyu olarak yeralti kaynaklarina veya
denizlere ulagmaktadir. Azalan su kaynaklar diisiiniildiigiinde, yagmur suyu sadece yiizey akis suyu olmamalidir.
Yagmur suyunun yeniden kullanimi ile yerali ve sebeke sularindan tasarruf saglanmalidir. Bunun
gerceklestirilmesi i¢in yapilmasi gereken yagmur suyunun toplanarak yerinde ¢6ziim Onerileri iiretilmesidir. Su
tiketim oranlarma bakildiginda, peyzaj alanlarinin sulanmasi igin biiylik miktarda suyun kullanildigi agikca
goriilmektedir. Ayrica bitkilerin tiirler 6zelinde su ihtiyaci genellikle bilinmemekte olup ve bilingsiz sulama ile
hem su israf edilmekte hem de bitki i¢cin gereginden az veya fazla sulama yapilmaktadir. Bu ¢alismada yagmur
suyunun yeniden kullanimi ile dogal su dongiisiine katki saglanmasi amaglanmistir. Ayn1 zamanda bitkilerin
tirlerine gore su isteklerini ortaya koyarak, dogru miktarda sulama yapilmasin1 hedeflemektedir. Bu iki temel
hedef suyun etkin kullanmimimi saglarken, bitkilerin dogru su ihtiyaglarin1 6grenmeyi amag edinmistir. Caligma
alam igerisinde yer alan farkli ¢ati ve yer doseme malzemeleri tespit edilmistir. Her bir farkli yiizeyden
toplanacak yagmur suyu miktar1 Rasyonel Metot ile hesaplanmigtir. Calisma alani igerisinde bitki tiir tespiti
yapilmistir. Her bir bitkiye ait su tiikketim hesab1 ise CropWat 8.0 programu ile hesaplanmigtir. Sonug olarak,
toplanacak yagmur suyu miktar1 494.000 m3yil, bitkilerin sulama suyu ihtiyact 54.530 m?dyil olarak
hesaplanmistir. Bu veriler karsilagtirildiginda, toplanan yagmur suyu miktarmin bitkilerin sulama suyu ihtiyacint
kargiladigimi gostermektedir. Yerleske igerisinde toplanacak yagmur sulari tanklara yonlendirilecektir. Bu
nedenle tanklar i¢in uygun hacim hesaplan yapilmistir. Depolanan yagmur sulari disinda arta kalan yagmur sulari
icin siirdiiriilebilir yontemlerle yerinde ¢oziim onerileri tiretilmistir. Su istegi az veya orta olan bitkiler, yeni
yapilacak peyzaj diizenlemelerinde kullanilmak iizere dneri olarak sunulmustur.

Anahtar Kelimeler: Yagmur suyu hasadi, Yagmur suyunun yeniden kullanimi, Peyzaj bitkisi su tiiketimi, Sulama,
Stirdiiriilebilirlik, Kentsel yagmur suyu yonetimi
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1. Introduction

Today, 55% of the world's population lives in cities, andthis figure is expected to rise to 68% by 2050
(United Nations Human Settlements, 2020). The proportion of the urban population in Europe is expected to rise
from 74% in 2015 to 84% in 2050. While this increase is expected to correspond to 77 million new urban
dwellers, Turkey is cited as one of the most affected countries (IPCC Sixth Assessment Report, 2022). As the
urban population grows, the demand for water will also proportionally increase. However globally, sufficient,
and clean water is vital for the health of humans and other living beings, for industry, agriculture and energy
production. By 2025, an estimated 3.5 billion people will be affected by water scarcity. This figure is expected to
rise by up to 30 % by 2050 (World Resources Institute, 2022). The United Nations is conducting numerous
studies on this topic. The United Nations programmes ‘“2005-2014: UN Decade of Education for Sustainable
Development” and “International Decade for Action “Water for Life”, 2005-2015” underscore the current need
to address water management on campus. Both programmes were launched to give special attention to
sustainability and water in higher education, which are considered important for achieving environmental
sustainability (Anonymous, 2023; UNESCO, 2005). As a result, the United Nations declared the period from
2018 to 2028 to be the international decade of action “Water Action Decade 2018-2028”. The program focuses
on the sustainable development and integrated management of water resources to achieve social, economic and
environmental goals, the implementation and promotion of relevant programs and projects, and the promotion of
cooperation and partnerships at all levels to achieve internationally agreed water-related goals and targets,
including those of the 2030 Agenda for Sustainable Development (Water Action Decade, 2016). As part of the
United Nations “Sustainable Development Goals™; at least 1.8 billion people worldwide use a completely
contaminated drinking water source, 663 million people still have no improved drinking water sources between
1990 and 2015, more than 80% of wastewater from human activities is discharged untreated into rivers or oceans,
it is clearly stated that more than 40 of the world's population is affected by water scarcity and this number is
expected to rise, that floods and other water-related disasters are responsible for 70 of deaths caused by natural
disasters and that every day nearly 1.000 children die every day from preventable waterborne and diarrheal
diseases. To prevent all this, the United Nations aims to halve the rate of untreated wastewater by 2030, increase
water efficiency, including rainwater harvesting, wastewater treatment, recycling and reuse technologies,
integrated water resources management, improve water quality by reducing pollution, significantly increase
recycling and ensure global security, universal and equitable access to safe and affordable drinking water for all
(The United Nations, 2022; The United Nations Sustainable Development Goals, 2022).

Turkey’s population is expected to reach 100 million by 2030. In this case, it is said that the amount of water
available per capita in 2030 will be about 1100 m® per year. In addition, it is estimated that the demand for
drinking and industrial water, which was 5 billion m?® per year in 2000, will reach 18 billion m3 by 2030
(Ministry of Development, 2018). The world's water systems are severely threatened by unsustainable
management and climate change. The problem of climate change is exacerbated by the consequences of
increasing floods and droughts, changing rainfall patterns, and rising sea levels (World Resources Institute,
2022). As most of the water used in cities cannot safely return to nature, groundwater and surface water
resources are diminishing. As the economic value of clean water resources increases in urban and industrial use,
wastewater is increasingly becoming a cost-effective and reliable alternative (Cakmakg1 and Sahin, 2020).Water
reuse in urban areas is now the first and most sought-after strategy for wastewater resource sustainability. The
sustainability of water use in landscapes mainly depends on the reduction of consumption, collection and reuse
of water (Amr et al., 2016). One way to increase water use efficiency in urban landscapes is to provide plants
with the amount of water they need to maintain their healthy and aesthetic appearance (Nouri et al., 2013).
Depending on the morphological and physiological structure of the plant, the amount of water to be consumed
and the amount of irrigation water to be supplied to the plant differ. Since the amount of water consumed by
each plant is different, the water consumption of the plants should be determined (Jensen, 1968). Proper pre-
planning of factors such as the amount of water used by the plant, the amount of irrigation water to be applied,
the duration of irrigation and the timing of irrigation are also indispensable prerequisites for the success of
irrigation applications (Isbilir and Erdem, 2012). It is common practice to estimate the water consumption of
crops. However, suitable methods for estimating the water requirements of urban landscapes are lacking in many
respects (Nouri et al., 2012).
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2. Materials and Methods

The Balkan campus of Trakya University, located at 41°38'19.3 “N and 26°36'58.1°Ein the central district of
Edirne province, Turkey, was selected as the study area (Figure 1).

T WEEN

\\\
\

Trakya University
Balkan Campus

Trakya Griversity
Balkan Campus

IOut of scope areas

Figure 1. The study area location and out of scope areas (Source(s): Created by authors)

It covers an area of about 2.260 ha. There is currently no campus-wide application for water harvesting and
recycling. The municipal water supply provides the water used in the buildings. Water for irrigation of the green
areas is obtained from wells and from the municipal water supply. There are 15 wells on campus, of which 9 are
active, 3 have collapsed and 3 are being rebuilt.

The irrigation, maintenance and water costs of the plants located within the boundaries of the dormitories were
excluded from the study as they do not belong to Trakya University. In some areas within the campus, the necessary
access for species identification was not possible due to dense shrub and tree cover. The areas outside the scope of
application make up around 4% of the campus. The identification of plant species and the number of plants were
determined as part of the landscaping.

The study was conducted in two phases. The amount of rainwater use on campus and the water consumption of
landscape plants were calculated (Figure 2).

The “Rational Method” was used as a method to calculate the amount of rainwater on campus using Equation 1
(Awawdeh et al., 2012). The rational method provides good results up to 1-1.5 km? and can be applied in catchments
up to 5 km? (istanbulluoghyu, 2015; Official Gazette, 2017). This method was applied because the study area covers an
area of 2.3 km2.The calculations were performed specifically for the materials (surface types) used on campus.

V =Sum (R A+ RC)/1000 (Eq.1)

V: The rainwater yield in m? per year, R: The quantity of precipitation in liters per square millimeters (mm), A:
The collecting area in square meters (m?), RC: The efficiency coefficient in %, 1000 represents the conversion factor
from mm to m. A hydraulic filter efficiency of 0.9 is achieved as a rule with filter systems that are maintained on a
regular basis. Therefore, the total amount of water is multiplied by the coefficient of 0.9
(DeutscheslInstitutfiirNormunge. V., 2001).

The area calculations by material type are brick, 25.286; metal, 80.009; shingles, 23.061; glass, 528; concrete,
199.100; asphalt, 70.164; green areas, 884.328; and wooded areas, 196.526 m?. The accepted yield coefficients are
brick (0.8), metal (0.75), shingle (0.75), glass (0.9), concrete (0.7), asphalt (0.8), landscape (0.05), intensive
woodland (0.1) and cultivated land (0.72) (DeutschesInstitutfiirNormunge.V., 2001; Dogangoniil and Dogangoniil,
2009; Pande and Telang, 2014; Ramachandra et al., 2014; Bektas et al., 2017).

Methods for estimating climate data are used to calculate the water requirements of crops. Among them, there
are various equations such as the Blaney-Criddle Method, Radiation Method, the Penmann-Monteith Method, the
Hargreaves-Samani Equation, Pan Evaporation Method (Smith et al., 1996; Kaya, 2011; Tas and Kirnak, 2011; Orta,
2017). These methods make the calculations dependent on many parameters, such as temperature, humidity, wind,
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precipitation, solar radiation, sunshine duration, length of daylight hours, soil type, soil moisture, plant type, plant
growth stage, etc. Many studies have shown that the Penman-Monteith equation is the best method for determining
plant water use based on climatic data (Smith et al., 1996; Allen et al., 1998; Kaya, 2011; Bayramoglu, 2013). The
CropWat 8.0 software was developed by the Food and Agriculture Organization of the United Nations (FAQ) based
on the Penman-Monteith method to perform these calculations in a computer environment.

Determination of material
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Figure 2. Research framework

In this study, the programme CropWat 8.0 is used to calculate the water consumption of plants. Within the
programme, various data under 4 main headings are used: Climate, Precipitation, Plant and Soil. Summer
temperatures are above 22 °C (Turkey State Meteorological Service, 2016). According to measurements taken
between 1930-2021, the average annual temperature in Edirne province is 13.7 °C and the average annual
precipitation is 604.4 mm (Turkey State Meteorological Service, 2022). The plant-related part of the programme
includes values for kc (crop coefficient), plant growth stages and root depth. The kc value is specific to each plant
and is defined as the ratio of the plant's water consumption to the water consumption of the reference plant. In other
words, it is expressed as the plant's tolerance to drought. However, kc values have not been determined for plants
used in the landscape (except for some grass species) (Orta, 2017). It is based on “The Landscape Coefficient
Method” of the “University of California Cooperative Extension California Department of Water Resources” in
California, USA (Costello et al., 2000). The use of the same method in many publications was found in the literature
search (Hilaire, et al, 2008; Dayani et al., 2017; Li et al., 2017; Strbac et al., 2017; Pérez-Urrestarazu et al., 2018;
Rana et al., 2019). In this study, the kc value is expressed by KL (The Landscape Coefficient). The KL value was
associated with three factors. These are: Plant species (ks), density (kp) and microclimate (kmc) (Table 1).

The calculation is made from the Equation 2;

KL = kS * kD * kMC (qu).
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Table 1. Value ranges for plant species, density and microclimate (Costello et al., 2000)

High Medium Low Very Low
Plant species (ks) 0.7-0.9 0.4-0.6 0.1-0.3 <0.1
Density (ko) 1.1-13 1.0 0.5-0.9
Microclimate (kmc) 1.1-14 1.0 0.5-0.9

The value ranges for plant species, density and microclimate are based on another study. In this study, plant
climate zones were defined. The climate zones are categorised according to the average temperatures (winter
minimum, summer maximum, daily above, daily below) and average precipitation in the provinces within the
California region (Perry, 2010). The closest plant zone for Edirne was determined based on the closest winter
minimum, summer maximum and average rainfall in the list.

The KL values of the plants “Aesculus hippocastanum, Cydonia oblonga, Laurocerasus officinalis”, which are
not included in “The Landscape Coefficient Method”, were determined as 0.6 based on Pittinger (Pittenger, 2014).

The values of the effective root depth are used for the root depth in the plant area of the programme. The
effective rooting depth is defined as the depth at which the plants receive 80 % of the water required for their normal
development. In general, plants take up a large part of the water they need from the upper parts of the root zone. For
this reason, moistening the effective root zone instead of moistening the entire root depth can save considerable water
during irrigation. The effective root depth can be 30 cm for grass plants, 45 cm for shrub plants and 60-90 cm for tree
plants (Orta, 2017).

It was determined that the Balkan settlement is in the non-calcareous brown earth and the deep group within the
large soil groups and depth maps of Edirne. For the soil part of the programme, the soil data developed by the FAO
was used for the most important soil groups. For the total area covered by the plants on the campus, the spread of
each plant was first listed. Based on the spread, the area (m?) covered by a plant was calculated for each plant. The
area covered by a plant was multiplied by the number of plants on the campus and the total area covered by the plants
was calculated based on the species.

3. Results and Discussion

It is assumed that a total of 548.776 m3year of rainwater can be harvested on the campus. Considering that
not all water can be captured on the site and that 90 % of the flowing water is retained, the total amount of
rainwater on the Balkan campus of Trakya University was calculated to be 494.000 m3year.

After calculating the area each plant occupies on the campus, the water consumption of the plants was
calculated based on the length of the four growing seasons of the plant. It indicates the total length of the
growing period between the last frost and the first frost date for perennial plants. The total duration is divided
into four development periods. If we calculate this period between March 1 and November 1 under Edirne
conditions, it is determined as 8*30 = 240 days. The water consumption of the plants was calculated over 240
days. The water consumption amounts calculated in 1m? were determined with CropWat 8.0. The total water
quantities were calculated by comparing the water consumption quantities calculated per 1m? with the total areas
they cover on the campus. The total amount of water used by all plants was determined to be 54.530 m?.

4. Conclusions

Structural surfacing materials such as tile, metal, shingles, glass, concrete, and asphalt, along with landscape
features like trees, shrubs, and soil have been found to build up on the campus. The amount of rainwater that needs to
be harvested for each of these materials totals 494.000 m3ear. 16 species of conifers, 43 species of deciduous
broadleaf trees, 16 species of evergreen broadleaf shrubs, 16 species of deciduous broadleaf shrubs, 3 species of
coniferous shrubs were identified. The values of the landscape coefficient (KL) of these plants were 0.098, 0.5 and
1.2. Based on these coefficients, the water consumption of the plants was classified as low (0.098), moderate (0.5)
and high (1.2). Water consumption for plants with low water requirements was 70.3 mm per square meter, while
moderate water-use plants require 351.3-421.6 mm, and the high water — use plants require approximately 843.2 mm
per square meter (Table 2).
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Table 2. Water consumption of the plant

Conifers (Trees)

Spread Waterconsum Total
WaterNee Plant withint tion of waterrequire
Latin Name Number KL Spread P q
ds m) hecamp oneplantper ment on
us (m?) m? (mm) campus (m®)
Cedrusatlantica(Endl.) 162 05 Moderate 6 4374 351.3 1536.6
ManettiexCarr.
Cedrusdeodora(Roxb.
exLamb.) G.Don. 1 0.5 Moderate 8 48 351.3 16.9
CedruslibaniA.Rich. 46 0.5 Moderate 8 2208 351.3 775.7
CupressusarizonicaGreene 133 0.098 Low 4 1596 70.3 112.2
CupressusmacrocarpaHarw 46 05 Moderate 5 863 351.3 303.0
. ex Gordoncv. “Goldcrest”
CupressussempervirensL. 245 0.5 Moderate 6 6615 351.3 2323.8
Cupressussempervirens(O.
Tarz.Tozz.) 46 0.5 Moderate 2 138 351.3 48.5
Nymancv.“Pyramidalis”
Cupressocyparis X
leylandiiA.B.Jacks. 62 0.5 Moderate 4 744 351.3 261.4
&Dallim.
Piceaorientalis(L.) Peterm. 5 0.5 Moderate 6 135 351.3 474
PiceapungensEngelm.cv. 15 05 Moderate 3 101 351.3 356
“Glauca”
PinusbrutiaTen. 10 0.098 Low 10 750 70.3 52.7
PinusnigraArnold. subsp.
pallasiana (Lamb.) 204 0.5 Moderate 10 15300 351.3 5374.9
Holmboe.
PinuspineaL. 75 0.098 Low 15 12656 70.3 889.7
Platycladusorientalis(L. 125 05 Moderate 2 375 351.3 1317
Franco. cv.“Aurea’
Platycladusorientalis(L.) 1 05 Moderate 4 12 3513 42
Franco.
Taxusbaccatal.. 2 0.5 Moderate 12 216 351.3 75.9
DeciduousBroad-leavedTrees
Spread Waterconsum Total
Latin Name Number K. WaterNee Plant withint ption of waterrequire
ds Spread hecamp oneplantper ment on
us m? (mm) campus (m®)
Acer negundoL. 174 0.5 Moderate 6 4698 351.3 1650.4
Acer palmatumThunb.cv. 2 05 Moderate 2 6 351.3 21
Atropurpureum
Acer platanoidesL. 116 0.5 Moderate 10 8700 351.3 3056.3
Acer pseudoplatanusL. 2 0.5 Moderate 8 96 351.3 33.7
AesculushippocastanumL. 49 0.6 Moderate 15 8269 421.6 3486.1
CatalpabignonioidesWalter 29 0,5 Moderate 6 783 351.3 275.1
CerecissiliquastrumL. 27 0.5 Moderate 4 324 351.3 113.8
CercissiliquastrumL..cv. 1 05 Moderate 4 12 351.3 42
“Album”
CydoniaoblongaMill. 33 0.6 Moderate 3 223 421.6 93.9
Elaeagnusangustifolial. 8 0.098 Low 6 216 70.3 15.2
FicuscaricaL. 6 0.5 Moderate 6 162 351.3 56.9
FraxinusangustifoliaVahl. 15 0.5 Moderate 10 1125 351.3 395.2
FraxinusexcelsiorL. 131 0.5 Moderate 15 22106 351.3 7765.9
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Table 2. Water consumption of the plant (continued)

GleditsiatriacanthosL. 14 0.098 Low 6 378 70.3 26.6
Juglansregial. 99 0.5 Moderate 15 16706 351.3 5868.9
Lagerstromiaindical. 24 0.098 Low 3 162 70.3 11.4
MagnoliavirginianalL. 1 0.5 Moderate 3 7 351.3 24
Malus x domestica Borkh. 99 0.5 Moderate 4 1188 351.3 4173
\“f:r:”;zz:tis'””dasmb‘)'d‘ & 2 05 Moderate 3 14 3513 47
MeliaazedarachL. 3 0.098 Low 4 36 70.3 25
MorusalbalL. 33 0.5 Moderate 6 891 351.3 313.0
MorusalbalL. cv. “Pendula” 7 0.5 Moderate 2 21 3513 74
.F;a;r'ﬁl“(’;i.atome”msa(Th“”b 3 1.2 High 8 144 843.2 1214
PlatanusorientalisL. 127 0.5 Moderate 15 21431 351.3 7528.8
PopulusalbalL. 4 0.5 Moderate 10 300 351.3 105.4
Populustremula L. 13 0.5 Moderate 10 975 351.3 3425
Prunus armeniacal. 30 0.5 Moderate 4 360 351.3 126.5
Prunus aviumL. 27 0.5 Moderate 4 324 351.3 113.8
Prunus cerasiferaEhrh. 29 0.5 Moderate 3 196 351.3 68.8
Prunus cerasusL. 1 0.5 Moderate 3 7 351.3 24
Prunus x domestica L. 10 0.5 Moderate 4 120 351.3 422
Prunus amygdalusBatsch 332 0.5 Moderate 4 24 351.3 8.4
Prunus persica(L.) Batsch 2 0.5 Moderate 4 396 351.3 139.1
PyruscommunisL. 33 0.5 Moderate 8 1392 70.3 97.9
Robiniapseudoacacia L. 29 0.098 Low 8 48 843.2 40.5
SalixalbaL. 1 1.2 High 8 1200 843.2 1011.8
Salixbabylonica L. 25 1.2 High 2 3 843.2 25
Salixcapreal. 1 1.2 High 8 864 70.3 60.7
SophorajaponicaL. 18 0.098 Low 3 7 351.3 24
Sorbus domestica L. 1 0.5 Moderate 8 288 351.3 101.2
UlmuscampestrisL. 6 0.5 Moderate 10 20175 351.3 7087.5
TiliatomentosaMoench 269 0.5 Moderate 10 150 351.3 52.7
Quercus albal. 2 0.5 Moderate 10 2775 351.3 974.9
EvergreenBroad-leavedShrubs

Spread Waterconsum Total

b g W prt e el e
us m? (mm) campus (m®)

Abelia x
grandiflora(RovelliexAndré 3 0.5 Moderate 1 2 351.3 0.8
) Rehder
BuxussempervirensL. 44 0.5 Moderate 3 297 351.3 104.3
EztoneasterhorizontalisDec 60 0.098 Low 1 5 70.3 32
f{iﬁ?:?”sjapomca"'c"' 79 0.098 Low 1 59 70.3 42
fa‘g;'gg”s]if’[?cr'rf:ﬁzlus 15 0.098 Low 05 3 70.3 0.2
LaurusnobilisL. 2 0.098 Low 3 14 70.3 0.9
LavandulaangustifoliaMill. 46 0.098 Low 0.5 9 70.3 0.6
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Table 2. Water consumption of the plant (continued)

LupustumvulgareL. 103 0.098 Low 3 695 70.3 48.9
MahoniaaquifoliumNutt. 14 0.5 Moderate 1 11 351.3 3.7
Photinia x fraseriDresscv. 91 05 Moderate 3 614 351.3 21538
“RedRobin”
Zlitttosporumtoblra(Thunb.) 1 05 Moderate 2 3 3513 11
PyracanthacoccineaM. J. 72 0.098 Low 2 216 703 152
Roemer
;’;Lrea x vanhouetti(Briot) 182 05 Moderate 2 546 351.3 191.8
ViburnumtinusL. 45 0.5 Moderate 2 135 351.3 474
YuccafilamentosaL. 12 0.098 Low 0.5 2 70.3 02
DeciduousBroad-leavedShrubs

Spread Waterconsum Total

Latin Name Number K. WaterNee Plant withint ption of waterrequire
ds Spread hecamp oneplantper ment on
us m? (mm) campus (m®)
?erberlsthunb(irgllDC. cv. 54 0.098 Low 1 a 70.3 28
Atropurpurea’
Chaenomelesjaponica(Thun
b.) Lindl. &Spach 1 0.098 Low 15 2 70.3 0.1
CornusalbalL. 12 0.5 Moderate 1 10 351.3 34
Cornus mas L. 1 0.5 Moderate 1 35 70.3 25
Forsythia x intermediaZabel 47 0.098 Low 1 15 351.3 53
HibiscussyriacusL. 20 0.5 Moderate 3 95 70.3 6.6
Hydrangeamacrophylla(Thu 14 0.098 Low 1 16 3513 55
nb.) Ser.
Kerriajaponica(L.) DC. 21 0.5 Moderate 1 2 351.3 0.8
LoniceraetruscaSanti 3 0.5 Moderate 1 411 351.3 144.4
Rosasp. L. 548 0.5 Moderate 2 39 351.3 13.7
PhiladelphuscoronariusL. 13 0.5 Moderate 15 19 70.3 13
Symphoricarposorbiculatus 1 0.098 Low ’ 9 70.3 06
Moench
SyringavulgarisL. 3 0.098 Low 25 56 70.3 4.0
:smarlxtetrandraPaIIasexBl 12 0.098 Low 2 132 3513 46.4
ViburnumopulusL. 44 0.5 Moderate 1 1 351.3 0.3
Conifers (Shrubs)

Spread Waterconsum Total

Latin Name Number KL WaterNee Plant withint ption of waterrequire
ds Spread hecamp oneplantper ment on
us m? (mm) campus (m?3)

JuniperuscommunisL. 24 0.098 Low 2 72 70.3 51
ﬁumpemshonzontahsMoenc 113 0.098 Low 2 342 703 24.0
Juniperussabinal. 2 0.098 Low 1 2 70.3 0.1

To use the rainwater collected throughout the campus for watering the plants, storage areas are required. The
design of storage areas can be accomplished by installing tanks of appropriate size and materials. Methods for
determining tank volume based on different variables can include applications such as 5% of average annual rainfall,
14 to 30-day rainwater demand for toilet flushing, water consumption for garden irrigation in a 3-month period, and 1
m3 tank per 25 m? of roof area (Madzia, 2019). To determine the size of the rainwater storage tank, calculations
should be made based on different variables such as collection area, number of users, rainfall data, amount of
rainwater collected, amount of water required, calculation of daily water consumption, budget, etc. (ESCAP, 2013;
Okoye et al., 2015). Depending on these variables, storage areas of between 25.000 and 30.000 m? can be created.
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Apart from this, rain garden proposals can be made to reintroduce the remaining rainwater back into the natural
cycle with on-site solutions after it has been stored on campus. In this way, the need for tap water and groundwater
for irrigation is reduced or eliminated. Rainwater is also incorporated into the natural cycle by using it efficiently
instead of generating surface runoff. At the same time, flooding and encroachment that can occur in impermeable
urban areas is prevented. By revealing the water requirements of plants, one can also contribute to effective water use
by creating designs with plants that require less water in the vegetative design phase. Plants such as Acer campestre
L., Artemisia vulgaris L., Cercis siliquastrum L., Chrysanthemum segetum L., Festuca glauca Lam., Forsythia x
intermedia Zabel, Gaura lindheimeriEngelm. & Gray, Iris pseudacorus L., Lagerstroemia indica L., Lavandula
angustifolia Mill., Melia azedarach L., Ophiopogon japonicus Thunb., Ophiopogon japonicus Thunb., Populus
nigra L., Rosmarinus officinalis L. have low, medium, low-medium water requirements and can be used in landscape
areas and rain gardens.Although the water requirements of plants vary depending on data such as climate and
location, it is important to determine them on a plant-specific basis. In Turkey, there is no comprehensive study
dealing with the water requirements of plants except for grass species. This study provides a basis for other studies as
it shows the plant-specific plant coefficients (KL) and water consumption.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Detection and Identification of Wheat Pest Chaetopteroplia segetum (Coleoptera:
Scarabaeidae)

Bugday Zararlis1 Chaetopteroplia segetum (Coleoptera: Scarabaeidae)’un Tespiti ve
Tanimlanmasi

Refika Ceyda BERAM!, Nurzhan TASHIGUL?, Alime BAYINDIR EROL?
Abstract

Anisopliines are an important group of insects associated with both cultivated plants and wild weeds.
Chaetopteroplia segetum (Herbst, 1783) (Coleoptera: Scarabaeidae), although preferring natural plants, can
cause significant damage to agricultural crops such as wheat, rye, and corn, posing a major threat to agricultural
fields. This species is widely distributed across Europe and Asia, and C. segetum has been reported in several
provinces in Tiirkiye. However, despite its extensive geographical range, the phylogenetic relationships within
the Scarabaeidae family remain poorly understood. This study aimed to detect, identify, and investigate the
phylogenetic relationships of this wheat pest across various agricultural fields in the Civril district of Denizli
province, Tiirkiye. The surveys were systematically conducted between June and July 2023, with monthly
sample collections carried out at predetermined locations within twelve different fields. The collected samples
were morphologically characterized, and the morphological identification was further confirmed through
molecular analysis of representative samples from each field. After DNA isolation, a partial fragment of the
cytochrome oxidase I (COI) gene was amplified using universal barcode primers LCO1490F and HCO2198R.
BLAST analysis revealed that all collected individuals exhibited 99%—100% similarity with previously reported
C. segetum sequences. Furthermore, a phylogenetic tree was constructed using the neighbor-joining method with
MEGA X software, based on COI gene region data, to elucidate the relationships among the individuals.
Currently, there is limited information on the molecular classification of the Scarabaeidae family in Tiirkiye. The
findings of this study contribute to bridging this gap by providing a foundation for future molecular research
aimed at better understanding the genetic structure and phylogenetic relationships within this family.

Keywords: Chaetopteroplia segetum, Wheat, COl, DNA barcoding, Tiirkiye
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Beram & Tashigul & Bayindir Erol
Detection and Identification of Wheat Pest Chaetopteroplia segetum (Coleoptera: Scarabaeidae)

Oz

Anisopliines, hem kiiltiir bitkileri hem de yabani otlarla iliskili 6nemli bir bocek grubunu olusturur.
Chaetopteroplia segetum (Herbst, 1783) (Coleoptera: Scarabacidae), dogal bitkileri tercih etmesine ragmen,
bugday, ¢avdar ve misir gibi tarim irlinlerine énemli zararlar verebilen bir tiirdiir ve bu 6zelligiyle tarim
alanlarinda biiyiik bir tehdit olusturmaktadir. Bu tiir, genis cografi yayilimi ile Avrupa ve Asya'da yaygin olarak
bulunmakta olup, Tiirkiye'de de birgok ilde C. segetum Srneklerine rastlanmistir. Ancak, bu tiiriin Scarabaeidae
ailesindeki filogenetik iliskileri heniiz yeterince incelenmemistir. Bu ¢aligmanin amaci, Tiirkiye'nin Denizli ilinin
Civril ilgesinde yer alan farkli tarim alanlarinda bugday zararlisi olarak goriilen C. segetum'u tespit etmek,
tanimlamak ve filogenetik iliskilerini arastirmaktir. Haziran ve Temmuz 2023 tarihleri arasinda yapilan
sorveyler, on iki farkli alandan sistematik bir sekilde gerceklestirilmis olup, dnceden belirlenen noktalardan aylik
orneklem toplama islemi yapilmistir. Toplanan &rnekler, morfolojik olarak detayli bir sekilde karakterize edilmis
ve morfolojik tanimlamalar, her bir alandan segilen temsilci 6rneklerin molekiiler analizleriyle dogrulanmistir.
DNA izolasyonu sonrasi, LCO1490F ve HCO2198R evrensel barkod primerleri kullanilarak mitokondriyal
DNA'nin sitokrom oksidaz I (COI) gen bolgesinin bir kismi ¢ogaltilmistir. Elde edilen veriler, BLAST analizi ile
toplanan tim bireylerin, daha once bildirilen C. segetum dizileriyle %99-100 benzerlik gosterdigini ortaya
koymustur. Ayrica, COI gen bolgesine dayali olarak, bireyler arasindaki filogenetik iliskileri gostermek amaciyla
MEGA X yazilimi ile neighbor-joining yontemiyle bir filogenetik aga¢ olugturulmustur. Tiirkiye'de Scarabaeidae
ailesinin molekiiler siniflandirmasma dair mevcut veriler smirli oldugundan, bu ¢alisma, bu aileye ait genetik
yapt ve filogenetik iligkilerin daha iyi anlasilmasina yonelik gelecekteki molekiiler arastirmalara énemli bir
temel olusturmaktadir.

Anahtar Kelimeler: Chaetopteroplia segetum, bugday, COI, DNA barkodlama, Tiirkiye
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1. Introduction

The subtribe Anisopliina (Scarabaeidae: Rutelinae: Anomalini) are distributed across the Palaearctic, Oriental,
Ethiopian, Nearctic, and Neotropical biogeographical regions. Anisopliina species are associated with both
cultivated and wild grasses. As adults, they feed on grass pollen or immature grass seeds, while the larvae feed
on grass roots. Members of this subtribe are characterized by an elongated and recurved clypeal apex, a feature
that allows adults to extract and consume pollen-loaded grass anthers (Mico et al., 2001; Jameson et al., 2007).
According to current classifications (Machatschke, 1972; Potts, 1974; Baraud, 1992), the subtribe Anisopliina
comprises nine genera and approximately 100 species distributed across the World: Anisoplia Schonherr,
Anthoplia Medvedev, Anomalacra Casey, Brancoplia Baraud, Callirhinus Blanchard, Chaetopteroplia
Medvedev, Hemichaetoplia Baraud, Rhinyptia Burmeister, and Tropiorhynchus Blanchard (Jameson et al., 2007).

The genus Chaetopteroplia, revised by Baraud (1986), encompasses twelve species (Jameson et al., 2007).
While Chaetopteroplia segetum (Herbst, 1783) prefers non-cultivated plants (Hurpin, 1962), it poses a
significant threat to various crops, including wheat, rye, and corn (Jameson et al., 2007). C. segetum has been
reported in several provinces across Tiirkiye: Mardin and Malatya (Sert and Ozdemir, 2019), Tekirdag (Altin and
Ozder, 2020), and Van (Ozgdkee et al., 2024). A study conducted in Van identified C. segetum as the most
prevalent and densely populated species (Ozgokee et al., 2024). The subspecies C. segetum velutina exhibits a
wide distribution throughout Tiirkiye and is commonly observed in provinces such as Afyon, Agri, Antalya,
Balikesir, Bursa, Canakkale, Corlu, Denizli, Edirne, Erzurum, Eskisehir, Izmir, Kars, Konya, Manisa, Mugla,
Ordu, Sivas, Tekirdag (Lodos et al.,, 1978; Rozner and Rozner, 2009), Eskisehir (Kiiciikkayki et al., 2013),
Adana, Afyon, Ankara, Antalya, Artvin, Bitlis, Erzincan, Erzurum, Hatay, Igdir, Kars, Konya, Mersin, Rize,
Trabzon (Polat et al., 2018). The global distribution of C. segetum extends across Europe (including Greece,
Rhodes, and Ukraine) and Asia (Crimea, Tiirkiye) (Lobl and Smetana, 2006). Despite its extensive range, the
phylogeny within the Scarabaeidae family remains poorly characterized. It is recognized that the Scarabaeid
lineage is exclusively confined within the Scarabacidae family (Bell et al., 2004; Philips et al., 2004).

In this study, primary objective was to detect and identify the pests belonging to the C. segetum that have
invaded wheat fields in the Denizli province of Tiirkiye. This purpose, we collected samples from 12 different
wheat fields, focusing on specimens suspected of causing damage to wheat crops. The collected samples
underwent comprehensive morphological characterization studies, and a representative sample from each field
was subjected to detailed molecular characterization. In line with this study that molecular characterization
studies on these specific species are scarce both globally and within Tiirkiye. Furthermore, our thorough
literature review did not reveal any previous studies in Tirkiye that molecularly characterized this particular
insect. In light of this, our study not only contributes to the understanding of the molecular profile of C. segetum
but also addresses a notable gap in existing research. By explaining the molecular characterization steps used in
the study, it will be easier for researchers working in this field. The comprehensive data obtained from our
research not only lays the groundwork for future investigations on C. segetum but also furnishes critical insights
for the development of effective pest control strategies tailored to the unique characteristics of this species.

2. Materials and Methods
2.1. The Study Site and Sampling

Surveys were systematically conducted in June and July 2023, encompassing 12 distinct wheat fields situated
in the Civril district of Denizli province, southwestern Tiirkiye. (Table ). Sampling was executed randomly,
targeting various wheat plants within each site. A standard sweep net with a diameter of 35 cm was used for
sample collection. A substantial number of collected samples were subsequently preserved in 99.5% alcohol for
conservation until employed in molecular analyses. Samples of the pest species from every location were
meticulously labeled and stored at —20°C, awaiting utilization in the experimental phases for molecular diagnosis.
The geographical coordinates of all sampled fields were precisely determined using GPS technology and are
presented in Table 1.
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Table 1. Wheat fields where samples were collected for the study in the Denizli, Tiirkiye

Sampling Wheat fields Coordinates
area no
1 Yakacik N:38°28.42°3"
E:29°68.84"3""
2 Omerkdy 1 N:38°27.390"
E: 29°76.34"7""
3 Emircik N:38°29.11'3”
E:29°79.91°6""
4 Incekoy N: 38°24.74'8"
E: 29°78.38°9""
5 Karamanli N:38°25.3872"
E: 29°82.07°3"
6 Yalinh N:38°24.172"
E: 29°82.23'4"
7 Mentes N:38°27.50"7"
E:29°71.87'8""
8 Balgikhisar N:38°29.82'3"
E: 29°80.07°6""
9 Seraserli N:38°23.072"
E: 29°80.956""
10 Yakasomak N:38°29.712"
E: 29°72.75'4"
11 Kizilcasogiit N:38°28.28'3"
E: 29°74.019""
12 Omerkdy 2 N:38°27.39'0"
E: 29°76.34°7"

2.2. Identification of the Samples
2.2.1. Morphological Characterization

Chaetopteroplia segetum mature individuals are 9-13 mm in length, with a width of 6-9 mm, displaying a
broad and oval-shaped body. The head and pronotum are densely covered with yellowish hairs, while the
brownish elytra exhibit a sparser distribution of these hairs (Figure 7). Additionally, it has been reported that
males have longer antennae and thickened front claws, whereas females have a paler coloration on their elytra
(Machatschke, 1961).

Figure 1. Chaetopteroplia segetum adult form
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2.2.2. Molecular Characterization

To confirm the morphological identification, COI gene region of IDNA was analyzed from 12 representative
samples from each fields.

2.2.2.1. DNA Extraction

The total genomic DNA was extracted from the right hind legs of insects using the High Pure PCR Template
Preparation Kit (Roche), following the manufacturer's instructions. The insect legs were washed with pure water
and then left in the laminar box for 1 hour to dry. Subsequently, the dried insect legs were kept in the freezer at a
temperature of -80°C for 15 minutes. Following these procedures, the washed and dried legs were transferred to
an Eppendorf tube and thoroughly crushed with a sterile tube. All final DNA products were suspended in a 70
pL elution buffer and stored at -20°C until PCR amplification.

2.2.2.2. PCR Amplification

The partial fragment of cytochrome oxidase I (COI) gene of mtDNA was amplified using the universal
barcode primers LCO1490F, 5’GGTCAACAAATCATAAAGATATTGG3’ and HCO2198R, 5’
TAAACTTCAGGCTGACCAAAAAATCA 3’of (Folmer et al., 1994). PCR reactions were performed with
Xpert Fast Hotstart Mastermix (Grisp, Portugal), according to the company’s protocol instructions. Each reaction
mixture for PCR with a volume of 25 pL contained 12.5 ulL Master Mix (Xpert Fast Hotstart Mastermix, Grisp),
3 ml of DNA matrix, 1 pL for word primer, 1 pL of reverse primer and distilled water up to 25 pL. Negative
controls were used in every PCR reaction by adding all reagents except genomic DNA. PCR was carried out
using a Kyratec PCR Cycler with the following settings: 3 min at 95°C; followed by five cycles of 15 s at 94°C,
15 s at 50°C, and 1 min at 72°C; followed by a further 35 cycles a final extension of 10 min at 72°C. The quality
of the PCR products was examined by electrophoresing the samples on 1.5% agarose gels and TBE buffer and
staining with the Xpert Green DNA Stain (Grisp).

2.2.2.3. Sequence Analyses

The amplification products obtained through PCR were submitted for sequencing at BMLabosis in Ankara.
The nucleotide sequences obtained from the PCR products were subjected to a meticulous search in the
GenBank database at the National Biotechnology Information Center (NCBI). Alignment of the identified
sequences, as well as selected outgroup sequences retrieved from the NCBI database, was accomplished using
BioEdit version 7.2.6 software. A sequence similarity search was performed using NCBI-BLASTn (Basic Local
Alignment Search Tool), and sequences exhibiting more than 98% homology were considered as belonging to
the same species.

2.2.2.4. Phylogenetic Analyses

Phylogenetic analysis of the beetle sequences was conducted using MEGA X software. The Fasta files of the
sequences were aligned, and pairwise estimation was carried out employing the ClustalW tool within the MEGA
X software, following default settings. The aligned sequences were then exported in Mega format. The
phylogenetic analysis was performed utilizing the Neighbor-Joining Method and Kimura-2-Parameter, with 1000
bootstrap supports. Both pairwise and multiple alignments were conducted with a gap opening penalty of 15.00
and a gap extension penalty of 6.66. The entire phylogenetic analysis process was repeated 1000 times with
bootstrap support to ensure robustness in the results.

3. Results and Discussion

Chaetopteroplia segetum were collected from 12 distinct wheat fields. Macroscopic examinations were
conducted, focusing on external traits such as general appearance, antennal structure, legs, wings, coloration,
body segmentation, and other anatomical features for initial species identification (Machatschke, 1961).
Following both macroscopic and microscopic assessments, it was determined that all samples belonged to the
same genus (Chaetopteroplia segetum). within the order Coleoptera. One representative sample from each area
was subsequently chosen for further molecular characterization studies. Upon successful DNA isolation, PCR
was carried out for all selected samples, resulting in visible amplified products at 600-700 bp for each of the 12
samples and a 100-bp DNA ladder was used to determine and confirm the size of the PCR products (Figure 2).
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Figure 2. Polymerase Chain Reaction (PCR) bands of Chaetopteroplia segetum samples (L; DNA ladder-100
bp, NC; Negative Control)

For molecular identification, 12 representative samples from diverse wheat fields underwent sequencing. The
COI sequences were subjected to BLAST analysis, validating the insect identification, exhibiting a similarity
range of 98%—100% with previously documented sequences from the National Biotechnology Information
Center (NCBI) for C. segetum. The COI sequences of 12 samples were deposited in GenBank (Accession
Numbers; OR805470-OR807318-OR807319-OR807320-OR807321-OR807326-OR813953-OR813954-
OR809195-OR809196-OR809197- PP028382).

The phylogenetic tree construction employed the neighbor-joining method through MEGA X software,
utilizing data derived from the COI gene region. This approach facilitated the elucidation of intricate molecular
kinship relationships among individuals, providing detailed insights through the resulting phylogenetic tree
(Figure 3) (Table 2). When the phylogenetic tree created in the study was examined, C. segetum from the
Anisoplia austriaca species was evaluated as an external group.

71% SeqiDY10OR805470
ﬂ‘f SeqlDY110R809197
85% SeqIDY30ORB07319
SeqIDYSORS09195
SeqIDY100R809196
SeqIDY4ORB807320
7% SeqiDY20R807318
[ KM451255
85% 289 |_: KU917396 ] Out group
98% KM445219
[ SeqDY7ORB13953
i | SedlDYEORB14
1% SeqlDY12PP028382
—— SeqIDY5OR807321

85% L—— SeqIDY6ORS07326
MF706436 ] Outgroup

A0%

84%

In group

49%

Figure 3. Neighbor-joining tree obtained as a result of phylogenetic analysis using the COI gene region

The nucleotide sequences were compared with those archived in the NCBI data bank to assess their
similarities. Subsequently, a Neighbor Joining (NJ) molecular phylogenetic genealogy was constructed to
analyze the sequence results of the obtained species. In the process of creating this phylogenetic tree, C. segetum
KM451255 (Hendrich et al., 2015), KU917396 (Rulik et al., 2017), KM445219 (Hendrich et al., (2015) and
Anisoplia austriaca MF706436 (Syromyatnikov et al., 2017), both species from the Coleoptera family, were
utilized as an out group. The Bootstrap 1000 method was employed to enhance the robustness of the
phylogenetic tree. The resulting optimal tree was then presented, with evolutionary distances computed using the
Maximum Composite Likelihood method, expressed in units of the number of base substitutions per site. To
provide additional insights, the proportion of sites where at least one unambiguous base is present in at least one
sequence for each descendent clade was indicated next to each internal node in the tree. This comprehensive
analysis involved a dataset comprising 16 nucleotide sequences. Ambiguities were systematically addressed by
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removing all ambiguous positions for each sequence pair, utilizing the pairwise deletion option. The final dataset,
containing a total of 673 positions, was subjected to evolutionary analyses, which were meticulously executed
using the bioinformatics software MEGA 11.

Table 2. Sequences used in phylogenetic analyzes

No Accession no Species Sites

1 OR&805470 C. segetum Yakacik

2 OR807318 C. segetum Omerkoy'

3 OR807319 C. segetum Emircik

4 OR807320 C. segetum Incikoy

5 OR&807321 C. segetum Karamali

6 OR&807326 C. segetum Yalinlt

7 OR813953 C. segetum Balgikhisar

8 OR&813954 C. segetum Seraserli

9 OR809195 C. segetum Yakasomak

10 OR809196 C. segetum Kizilcasogiit

11 OR809197 C. segetum Mentes

12 PP028382 C. segetum Omerkdy?

13 KM451255 C. segetum Germany: Brandenburg
14 KU917396 C. segetum Germany: Mecklenburg
15 KM445219 C. segetum Germany: Fuerstenwalde
16 MF706436 A. austriaca Russia

The results of the study highlight the efficacy of COI-based pest identification, particularly concerning
beetles, as evidenced by the COI marker profile. DNA sequence data have proven instrumental in elucidating the
relationships among various groups of insect species at the generic level (Murthy, 2020). Molecular sequence
information obtained from NCBI has accurately portrayed the relatedness among all collected scarabaeids,
consistent with their morphological characters. Our observations align with the findings reported by Blaxter
(2004). Qiu et al. (2009) propose that, where sequence information is available in GenBank for morphologically
defined species and can be matched with certain DNA-based clusters, close relationships can be readily
identified through sequence variation in field-collected samples. These clusters are likely to correspond to
previously undescribed species. Mgocheki et al. (2012) reported the utility of sequence information based on
mitochondrial markers for species delineation in both adults and grubs of scarabaeids, providing insights into
larval taxonomy. Our studies underscore the significance of DNA sequencing in aligning various forms of
scarabs, and minimizing the risk of misdiagnosis.

To date, only limited information exists regarding a formal cladistic classification of the Scarabacidae
superfamily (Browne and Scholtz, 1995). Consequently, there is an urgent need to investigate the genetic
diversity within the Scarabaeidae family (Zahoor et al., 2013). It is essential to focus on sequencing partially
genomic conserved regions, such as the mitochondrial COI gene (Foottit et al., 2008; Jalalizand et al., 2012;
Tayat and Ozder, 2023). DNA sequencing, particularly of the mitochondrial cytochrome-c oxidase subunit 1
gene (COL1), provides a powerful tool for accurately identifying various creatures, including certain insect
species, especially those with similar morphologies. The exceptional resolution of the CO1 gene makes it a
valuable resource for species differentiation and exploring hidden variations among closely related species
(Sharif et al., 2023).

4. Conclusions

The fact that current information on the scarabaeoid fauna in Tiirkiye is limited underscores the importance
of research efforts in this field. In particular, the insufficient documentation of the molecular classification of the
Scarabaeidae superfamily emphasizes the need for further research. Such studies focusing on genetic diversity of
harmful species like C. segetum throughout Tiirkiye could significantly contribute to control strategies for these
species. Furthermore, it is believed that these investigations will provide critical insights for future research and
species identification. Ultimately, detailed studies utilizing methods such as molecular characterization and
phylogenetic analysis could establish a crucial foundation for the conservation and management of scarabaeoid
species in Tiirkiye and globally.
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